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H storical Record

This Defence Standard has its origins in the 2-volunme handbook "Hunman
Factors for Designers of Naval Equipment” published in 1971.

Arrangenent of Defence Standard 00-25

The proposed arrangenent of the conplete series of Defence Standards
conprising Def Stan 00-25 is shown bel ow

Part 1 - Introduction

Part 2 - Body Size

Part 3 - Body Strength and Stam na

Part 4 - Wrkplace Design

Part 5 - The Physical Environnent: Stresses and Hazards
Part 6 - Vision and Lighting

Part 7 - Visual Displays

Part 8 - Auditory Information

Part 9 - Voice Conmunication

Part 10 - Controls
Part 11 - Design for Miintainability
Part 12 - Systens

Two or nore Parts may apply to any one equpnent and it is therefore
essential that all Parts be read and used where appropriate.
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HUMAN FACTORS FOR DES|I GNERS OF EQUI PVENT
PART 12: SYSTENS

PREFACE

i This Part of Defence Standard 00-25 provides designers of mlitary
equi pnent with a description of, and gui dance on how to apply, human factors
met hods and techniques during the various design stages of the system

ii This Part of this Defence Standard is published under the authority of
the Human Factors subconmittee of the Defence Engineering Equi pment
Standardi zation Committee (DEESC).

iii This Standard should be viewed as a perm ssive guideline, rather than
as a mandatory piece of technological law. \Where safety and health is
concerned, particular attention is drawn to this Standard as a source of
advice on safe working limts, 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 nanufacture or
use.

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

v This Standard has been devised for the use of the Crown and of its
contractors in the execution of contracts for the Crown and, subject to the
Unfair Contract Terns Act 1977, the Crown will not be liable in any way
what ever (including but without limtation negligence on the part of the
Crown its servants or agents) where the Standard is used for other

pur poses.

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 amendnment to those al ready
in existence. If any difficulty arises which prevents application of the
Def ence Standard, the Directorate of Standardi zation 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 invoked are to be addressed to the
responsi bl e technical or supervising authority named in the invitation to
tender or contract.

viii This Defence Standard is being issued as an INTERIM Standard. It
shall be applied to obtain information and experience of its application.
This will then permt the submssion of observations and comments from users
using D Stan Form No 22 encl osed.
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Section One. CGenera

O Introduction

Human factors is an interdisciplinary science concerned with influencing the
design of manned systens, equipnents, and operational environments so as to
pronote safe, efficient and reliable total system performance

This Part of the Defence Standard establishes a framework for the
application of human factors throughout the various design stages of a
system and rel ates these throughout the procurenent |ife-cycle phases from
concept formulation to in-service use.

1 Scope

This Part of the Defence Standard provi des designers of military equi pnent
with a description of and gui dance on how to apply human factors data,

nmet hods and techni ques during the various stages of system design. In a
docunent of this size the treatnent of the subject cannot be conprehensive.
Because of the nature of human factors this Part of the Defence Standard is
both descriptive and prescriptive in content.

Section two of this Part of the Defence Standard, which serves as an
introduction to the remmi nder of the docunent, describes the role of hunman
factors in the systemdesign process, the characteristics of that process
and its stages. Section three prescribes the human factors nethodol ogy for
the design of manned systems. Sections four and five describe and provide
gui dance on how to apply various design aiding and design eval uation
techniques. Finally, in section six, information on conducting experinments
and on statistics is presented.

2 Rel at ed Docunents

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

2.2 Reference in this Part of the Standard to any rel ated documents neans,
in any invitation to tender or contract, that edition and all its anendnents
current at the date of the tender or contract unless a specific edition is

i ndi cat ed.

3 Definitions

For the purpose of this Part of the Defence Standard the definitions shown
at annex A apply.
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Section Two. The System Design Process

4 The Role of Human Factors in the System Design Process

4.1 Design teamrole. The role of the design teamin the system design
process is to conduct anal yses of the systemrequirenents, functions and
tasks to deternmne their behavioural inplications; to design aspects of the
manned system according to human factors principles (ie the other Parts of
this Defence Standard); to evaluate both analytically and experinentally the
desi gn of the manned systemso as to ensure safe, efficient and reliable
total system perfornance.

4,2 Human factors activities. The human factors activities that can be
conducted during system design are many and varied. For the purpose of this
Part of the Defence Standard a number of mmjor activities have been
identified. They are:

System Requirenents Analysis (see clause 8).
Function Analysis (see clause 9).
Al l ocation of Functions (see clause 10).
Task Synthesis (see clause 11).
Task Description (see clause 12).
Task Anal ysis (see clause 13).

Design of Equi pment and User Manuals (see clause 14).

Design of Wrkspace and the Wrkplace (see clause 15).

Design of Training Programe (see clause 16).
Design Eval uation (see clause 17).
Post - Desi gn  Eval uation (see clause 18).
These activities, which are described in detail in section three, span the

entire system design process. The activities are highly iterative
processes, but otherwise they occur in a logical sequence (see figure 1).

4.3 Design relevance. The inportance of the human factors contributions to
the system design process cannot be stressed too strongly. The design team
shoul d ensure that human factors issues are considered throughout the design
process. | ssues such as, for exanple, selection and training of personnel,
and their health and safety, are, ultimately, just as inportant as the
design of system hardware.

4.4 Design priorities. ldeally, all human factors contributions that could

be made during the system design process, should be made. It is expected,
however, that because of |limted tine and resources all contributions can
never or very seldom be undertaken. It is difficult to assign priorities to

particular activities but the followi ng points should be noted:
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Fig 1

Sequence Of Human Factors Activities
Conducted During System Design

4.4 (Contd)

(a) Humaen factors issues nust be considered at the earliest design stages
since the decisions made at this time have a significant effect upon how the
system is subsequently devel oped (see also 5.3). In addition, nost of

these decisions are at best expensive, and at worst inpossible to reverse
later if they are wong.

(b) As a corollary to (a), user requirenents nmust be established clearly
before all else. A system no matter how wel | engineered, cannot be
considered well designed if it fails to meet these requirenents.

5 Characteristics of System Design

5.1 Alternative solutions. Systemdesign at the feasibility stage wl|
require technical approval of alternative solutions including the results of
any experimental work.
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5.2 lnnovation. System design is an inventive process depending on expert
judgenment as much as on analysis and formal procedures; it also depends on
skill and ingenuity. New systens are, however, rarely entirely novel.
Typically, they are advanced versions of an earlier system As a
consequence many functions are carried over fromthe old to the new system
This has inportant inplications for the design team eg that personnel nmay
be transferred fromthe old to the new system (see also 9.1). Novel
systens, however, can be required and their inportance should not be

over| ooked.

5.3 Deconposition. The system design process as a whole is one of working
from broad, general functions, eg engage target, to progressively nore
specific, detailed tasks, eg fire mssile, and subtasks, eg press button.
Choices made at an earlier, nore general (system subsystem |evel have
profound consequences for later, lower (task, subtask, conponent) |Ievels.

If, for example, it has been decided to use a thermal imager the design team
will have to face all the problens associated with such equi pnment including
the use of a Cathode-Ray Tube (CRT) display for presenting the inagery which
has special features of its own to be considered, eg display brightness,
resolution, ambient lighting, etc.

5.4 |nteraction. System design is a highly interactive process. The
design team consists of different groups each concerned with its own field,
eg human factors, electronics, nechanics, optics, who discuss, arrive at
desi gn sol utions and conproni se over conpeting interests but all working
towards the common goal of satisfying the system requirements. Al so,
different parts (subsystens) of the system are developed in parallel or at
different rates, and the results of one activity are fed across into

anot her .

5.5 |teration. Systemdesign is an iterative process. Firstly, like all
effective design, it proceeds by hypothesis and experinentati on as design
solutions are proposed, tested, rejected or revised and, finally, accepted.
The analytic efforts of the design teamare also iterative for another
reason. That is, the same questions and activities arise at different
stages in the process but require analysis in greater detail as the design
proceeds from one stage to the next.

6 Stages of System Design

6.1 Nunber of stages. In practice system design is not a sinple linear
process, significant overlaps occur both in time and content. This is
typical of ordinary equipment design as well as for systens. However,
because of the scope and conplexity of the systemto be constructed, the
system design process is usually of long duration. Seven mmjor stages nmay
be distinguished, any of which, depending on the conplexity of the project,
may |ast months or years. The stages froma human factors point of view
(based on Meister 1982) occur in succession and are shown in figure 2 with
the related procurenent phases. Descriptions of the stages are as foll ows:
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6.2 System planning. In this stage, in response to the custoner’s or
user’'s systemrequirenments, the concept of the new systemis outlined and
its major functions described. |If, as is nost likely the case, the system
is not entirely novel (see 5.2) the effort in systemplanning is

focussed on the changes in the new conpared with the old system

eg replacing el ectro-nmechanical displays with one or nore CRT displays.

6.3 Prelimnary design. In this stage alternative concepts of the new
systemare examined in feasibility studies (mathematical nodelling,
mock-ups, simulations or, sinply, pen and paper exercises). |f none appear

wor kabl e then the design team has to re-exam ne the systemrequirenments at
the system planning stage.

6.4 Detailed design. In this stage the proposed system design is expanded
in more detail. Drawings are nmade, the design is evaluated by means of
mock-ups and simulation, and the equipnent conponents specified. Periodic
design reviews are carried out and, at the conclusion of this stage, the
design is considered 'frozen'.

6.5 Prototype system In this stage a prototype of the new systemis
buil't.
6.6 Test and eval uation. In this stage the prototype systemis tested and

eval uated and user opinion sought. Mdifications, if necessary, are fed
back to the detailed design stage.

6.7 Production. In this stage the system is nmanufactured.

6.8 Operation. In this stage the systemis in use by the custoner. The
design teamstill has a role to play since, despite their best efforts, from
a human factors point of view, systems are often developed with faults.
Changes to the systemat this stage can, depending on the system and the
changes required, be extrenely costly.
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Section Three. Human Factors Activities and Mthodol ogy

7 Lntroduction

The human factors activities identified at 4.2 and described in this

section at clauses 8, 9, 10, 11, 12, 13, 14, 15, 16, 17 and 18) are

related to specific stages of systemdesign (see figure 3). Although the
relationship between the two is to a certain extent ideal and in practice is
much | ess precise and orderly, the designer should note that human factors
activities comence before the start of system design, and continue

t hr oughout .

SYSTEM 4—@ System Requirements Analysis

PLANNING . .
<—® Function Analysis

4 . N
4__——-@ Allocation of Functions

p“::sl::‘:“ - @ Task Synthesis

"\® Task Description

i

Task Analysis

-

OETALED Design of Equipment/User Manuals

-
OESIGN / t @ Design of Workspace / Workplace

Design of Training Programme

PROTOTYPE
SYSTEM

N

TEST AND . .
EVALUATION «— Design Evaluation

]
]

PRODUCTION

1

OPERATION +— @ Post-design Evaluation

Fig 3
Rel ati onshi p Between Human Factors Activities And
System Design Stages

10
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8 System Requirenents Analysis

8.1 Purpose. A systemrequirenments analysis should be carried out so as to

determ ne the behavioral inplications of the systemrequirenents. [If, for
exanpl e, an aircraft is required to be flown at |owlevel and at night, the
pilot will require certain visual aids, eg night vision goggles. If, to

take a nore sinplistic exanple, the systemis to be operated at sea,
operators may suffer from seasickness. O, if the systemis to be operated
in Arctic conditions, personnel may require special cold weather clothing,
and controls may have to be | arger and nore widely spaced to be operated
with gloved hands. The nmjor system requirenents are physical - eg speed,
range, endurance, power consunption, and reliability, but there are always
explicit behavioral requirenents, eg nust be viewable in red ambient
lighting. The systemrequirenment, in the formof a contract specification
or conparabl e docunent, eg staff target, technical requirenment, is what
initiates and stinulates the design process, and nust be based upon sound
human factors practice.

8.2 Met hod. Several nethods of examining system requirements exist.
Control |l ed Requirements Expression (CRE) (1985) is one of several dataflow
anal ysi s met hods whi ch exami ne the requirenents expression phase of system
devel opnent. Although it may not be possible at this very early stage of
system planning to do nore than draw the other team nmenber’'s and user
representative’s attention to potential areas of concern, any guidance is
val uabl e.

9 Function Analysis

9.1 Purpose. A function analysis should be conducted so as to identify
system functions, particularly those requiring human inplenmentation and

i nvol venent, and to examine their behavioral inplications. If, as is
predom nantly the case, the system being devel oped is not novel

(see 5.2) the effort of the design teamw |l be nmainly to analyze the
functional inplications rather than identification. The design team should
note that even supposedly fully automated functions require some human

i nvol venent or have some behavioral inplications, eg installation and

mai nt enance (see Part 11 of this Defence Standard). It is inportant to
conduct a function analysis of the old as well as the new functions since
often these have not been, or at best have been inadequately, analyzed.

9. 2 Method. Using their judgenent and experience the design team should
exam ne rel evant system docunentation, including the results of the
system requirenents analysis, to deduce the system functions, and, nore
importantly, discern their behavioral inplications. To assist in carrying
out a function analysis the design team shoul d construct function flow
diagranms (see clause 20). For further information consult MOD/ DTl Human
Factors Quidelines for Conputer Based Systens.

10 Allocation of Functions

10.1 Purpose. An allocation of functions should be carried out to ensure
that the systemfunctions are inplemented in the nost efficient nmanner to
meet the system requirenents.

11
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10.1.1 Automation. It is inportant to consider the inplication of
automation where appropriate. [1l-conceived introduction of automation
without a detailed analysis of task requirements, can create a variety of
probl ens, eg underload or overload (each of which should be avoi ded where
possi bl e), shortage of personnel to deal with emergencies or an undue trust
that the automated part of the systemw || function perfectly.

10. 2 Method

10.2.1 Consider alternatives. Consi der, without preconceptions, al
possi bl e ways of inplenmenting the function. There are usually several ways
in which a function can be performed and the choice can be ordered on a
conti nuum from conpl etely nanual (operator or operators alone) to conpletely
automatic (equipnent alone). This activity should be one of the nost
creative steps in the design process. The design team should, therefore

i nstead of concentrating on relatively few design configurations (usually
those that they have found successful in the past) conceptualize al

possible alternatives. The design team should al so consider the possible
effects of the system on the operators. Not only are health and safety
involved (see 14.1.2.6) but also there are organi zational problens
associated with task sharing, methods of supervision, nmethods of assistance,
allocation of functions between teans, which are predeternined by design
deci sions. Such considerations are also relevant to task synthesis (see
clause 11) which, to sone extent, overlaps with allocation of

functions.

10.2.2 Describe alternatives. Describe, preferably in narrative form the
various ways in which each (unallocated) function can be inplenmented. An
exanpl e of such a description is shown in table A

12
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Table A

Analysis O Alternative Min-Mchine Conbinations

(From Meister (1971))

Alternative 1
(Operator primarily)

Alternative 2
(Man-machine mix)

Alternative 3
(Machine primarily)

Sonarman detects target
signal on scope, examines
brightness, shape,
recurrence, movement, etc,
and reports ‘probable
submarine’ or ‘non-
submarine target'.

Sonarman detects target
signal on scope.
Associated computer also
detects signal, records
it, and searches library
of standard signals.
Computer displays to
sonarman original signal
and comparison signal on
sonar gear, together with
the probability of its
being a submarine.
Sonarman decides on basis
of his own analysis and
computer Information
whether target signal is
submarine or non-submarine
and reports accordingly.

When a signal having a
strength above a specified
threshold is received by
the sonar array, a
computer associated with
the detection apparatus
automatically records the
signal, analyzes its
strength, brightness,
recurrence, etc, according
to pre-programmed
algorithms, compares it
with a library of standard
sonar signals, and
displays an Indicator
reading ‘probable
submarine’.

Operator Functions

Operator Functions

Operator Functions

Detection of signal
Analysis of signal
Decision making
Reporting of decision

-h_wl\)!—i

Detection of signal
Analysis of signal
Decision making
Reporting of decision

-h_wI\J!—!

1. Take action on receipt
of ‘probable
submarine’ signal

Machine Functions

Machine Functions

Machine Functions

1. Display of signal

1. Detection of signal
Recording of signal
Searching of comparison
signals

4. Analysis of signal

5. Display of information

1 Detection of signal
2. Analysis of signal
3. Decision making

4 Display of conclusion

Advantages/Disadvantages

Advantages/Disadvantages

Advantages/Disadvantages

1. No machine back-up for
operator inadequacies

1. Operator/machine
back each other up

1. No operator back-up
for machine
inadequacies

13
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10. 2.3 Establish criteria. Establish and weight the criteria by which each
alternative can be conpared. In general, the criteria to be applied in
evaluating alternatives are tinme, cost, reliability, mintainability,

manni ng, etc. Cost may be a crucial factor for one system devel opnent, tinme
for another, or several criteria nmay each have sone influence on the
decision (see Meister (1971)). Establishing and weighting of criteriais
primarily the job of the system engi neer because it is his responsibility to
dictate the system criteria. The design team should ensure that behavioral
requirenents, including job design considerations, are part of those
criteria and that the weighting they are given is appropriate. Nonetheless,
determning the weight of each criterion is an entirely subjective judgenent
because it is a matter of value. By following a formal procedure the design
teamis forced to make their decision biases visible.

10. 2.4 Conpare alternatives. Each design alternative is conpared with
every other on the basis of each criterion so as to derive an overal
"score' for the alternatives.

10.2.5 Select alternative. Finally, the design alternative that has the
best score is selected for the system

10.2.6 Further information on function allocation can be found in Price
(1985). The use of "Fitts' List" (a conparison of capabilities and
limtations of man versus machine) is not reconrended

11 Task Synthesis

11.1 Purpose. The purpose of task synthesis is to provide an initial
statenment of the operator(s) tasks that would be required to be perfornmed to
carry out a particular function. It is a prerequisite for describing and
subsequently anal yzing the tasks (see clauses 12 and 13).

11. 2 Method

11.2.1 Ceneral. The nethod of conducting a task synthesis entails the
design team wusing their judgenent and expertise, proposing a comnbination or
sequence of tasks appropriate to the function. [|f the systemis not new,
that is, it is an advanced version of an earlier system the tasks may to a
certain extent suggest thenselves. [f, however, the systemis entirely
novel then deciding on the tasks may be somewhat specul ative. The process
of task synthesis is not, of course, conducted in isolation. It is a highly
iterative process and there is a two-way interaction between task synthesis
and allocation of functions (see figure 1). It can al so be seen that in
describing 'alternative man-nachi ne conbinations', a task synthesis is
inplicitly undertaken. It may be necessary, therefore, to re-allocate
because of the nmanning | evel available and the level of skills available or
required. In fact, since the 'synthesized tasks form only one part of the
user’s overall job (see 3.6), task synthesis has inplications for job

design (see figure 1). Conversely, an operator’s existing job, eg
consisting of system operation, staff supervision, and cleaning, etc, may
influence the task synthesis process.

14
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11.2.1 (Contd)
For a function such as 'engage target', for the relatively straightforward

operation of a ground-to-air mssile system the task synthesis might yield
the following operator tasks:

(a) Target search.
(b) Target tracking.
(c) Target identification.

(d) Fire missile or return to standby, etc.

Probl ens of task sharing, methods of supervision, team roles and
responsi bilities should also be considered (see 10.2.1).

11. 2.2 Conputer-based systens. For systens that involve considerable
human- conputer interaction task synthesis can be very problematical. For
exanpl e, for a function such as 'picture conpilation' for a submarine
command system the following tasks mght be generated:

(a) Report new track nunmber (of contact) to command.

(b) Monitor track conpilation.

(c) Set up graphic displays.

(d) Check data-processing systens.

(e) Note tine of possible manoeuvre.

(f) Check track conpilation.

(g) Check classification.

(h) Report track characteristics to command, etc.

No easily specified nethodol ogy exists as yet for deriving such tasks.
There are nany obstacles to formulating such a methodol ogy, eg the
continuously evolving nature of the information gathering and processing,
and the conflicting requirements of various users. The nopbst effective
approach to the design process would seemto be a matter of trial and error

using denonstrator systens to exenplify possible task designs.

12 Task Description

12. 1 Purpose. A task description is conducted for several reasons.
Firstly, it is necessary to describe the task before one analyzes it.
Secondly, the listing of tasks enables themto be grouped and organi zed on
the basis of criteria such as purpose or function, operator concerned or
conmmon equi pment. Thirdly, a task description can suggest required control
and di splay hardware, and lastly, it serves as a prerequisite for
determning manning | evels and required personnel skills (see

cl ause 13).

15
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12. 2 Met hod

12.2.1 Ceneral. There are several nethods of conducting a task description
whi ch are beyond the scope of this docunent to describe. The method
illustrated below is based, |oosely, on Singleton (1974). For further
information consult Drury (1983).

12.2.2 Construct table. Construct a table, as shown in table B, with the
tasks listed in the first colum and the other colums headed 'stinmulus',
"action' and 'response'.

12.2.3 Describe tasks. Describe each task according to the colum headi ngs
shown in table B. The description needs only to be brief.

Table B

Sanpl e Task Description

ACTION
TASK TASK STIMULUS RESPONSE
NO. (TRIGGER) (OF SYSTEM)
PERCEPTUAL PHYSICAL

7.2.1 | Target search | Alarm Scan field of | Operate sensor| Sensor slewed

view (FOV) bearing control

7.2.2 | Target Target seen Observe Align reticule Sensor slewed
tracking target over target
(manual)

7.2.3 | Target Reticule over target Observe Operate ‘auto’ 'Auto’
tracking target tracking control | tracking of
(‘auto') target

7.2.4 | Fire missile Target  within range Observe Operate ‘fire’ Missile

(verbal order to fire) | target control launched
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13 Task Analysis

13.1 Purpose. A task analysis is conducted so as to assist in the design
of the systemw th regard to equipnent, job aids, operating manuals, working
environment and operator training. \Wen properly perforned it is i mensely
val uabl e for analyzing all the behavioral aspects of system design. A task
anal ysis does not, however, define the system |Its purpose is to identify
human factors inplications of the system design and nerely points the
skilled analyst towards design solutions. Task Analysis deals with the

i ndividual tasks which conprise a job. Essentially it consists of making
deductions and draw ng concl usions about a task based on the Task

Descri ption.

NOTE:  For information on job analysis nethodol ogy consult MCormck (1979)
and MO DTl Human Factors Cuidance for Conputer Based Systens.

13. 2 Met hod

13.2.1 Ceneral. Generally, but not always, in a task analysis the
equiprent is, to a certain extent, already designed. Therefore, if froma
human factors standpoint the equipnent is poorly designed, the task analysis
will still be based upon that equipnment. Task analysis may reveal that

equi pnent is poorly designed for the operator, and nmay show why it is poorly
designed but the analysis per se will be a statement of the task
requirenents of the equipment as it stands, or of the specification. There
are many nethods of conducting a task anal ysis beyond the scope of this
document to describe (for further information consult Drury (1983)).

13.2.2 Select tasks. The tasks to be analyzed are first selected. Because
task analysis is conplex and time-consumng not all tasks can, or need to
be, analyzed (in fact there is nothing in the task analysis method that
specifies the tasks to which it is applied). The decision on which tasks to
anal yze should have al ready been nmade during the task description (see

12.2). Usually, the tasks selected should be those that are critical

(whose failure mght cause serious system problens), and to those tasks of
special inmportance, eg those nost frequently or perhaps infrequently

per f or med.

13.2.3 Collect data. The primary data for task analysis should be the task
description. Qher sources of data (which are especially pertinent when
conducting a post-design evaluation of a system (see 18.1 and 18.3))

are:

(a) System docunentation which includes procedures, specifications, test
reports (and any previous task anal yses) of a predecessor or related
system

(b) Interviews with personnel and experts or predecessor or related
system

(c) Qbservation of predecessor or related system operations.

The latter three sources of data will be especially pertinent when
conducting a post-design evaluation of a system (see 18.1 and 18.3).
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13.2.4 Conduct analysis. Conducting a task analysis entails either |isting
in detail the human factors problens for each task or tabulating answers to
specific questions, eg 'manipulative requirenments', 'characteristic errors
or malfunctions'. (See Drury (1983)). An exanple of the former approach is
shown in table C.  As an aid to performng the task analysis the designer
can utilize the follow ng design aiding techniques:

(a) Decision/Action (D/A) D agram (see clause 21).

(b) Operational Sequence (0S) Diagram (see clause 22).

(c) Workload Prediction (see clause 23).
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Table C

Sanpl e Task Analysis

TASK ANALYSIS
TASK DESCRIPTION

(SEE TABLE B)
PROBLEM IDENTIFICATION REMARKS/RECOMMENDATIONS

Target search Type of sensor bearing control Rotary knob preferred (avoids dual role
of joystick used for tracking);

Variable sensor field of view Carry out optimization study;
Target detection Indication of approx. range/bearing
required (what if target not seen -

search time limit?);

Target identification Operator training
(target type and characteristics

Target tracking Type of Joystick Thumb-operated force controller
(manual) acceptable (minimal operator transfer
of training problem);

Joystick control law requires

optimization.
Target tracking No manual/automatic status Light or alphanumeric symbol?
(automatic) Indicator
Manual/automatic mode switch Could use DVI (check ambient noise
presently a button level);
Target lock may be lost Operators must be trained accordingly
occasionally (ie for manual reversion).
Fire missile Button rather small. Enlarge size of button.
Can it be operated wearing gloves?
Safety cover? Safety cover is mandatory.

14 Design of FEauipnent and User Manual s

14. 1 Equipnent (hardware) design

14. 1.1 Purpose. The purpose of equipnment (hardware) design is to ensure
the safe, efficient and reliable operation of the equi pment by system
personnel and that the personnel wll not be harnmed during such operation.
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14.1.2 Method

14.1.2.1 Anthroponetry. The design of the equipnent - workstation,
consol e, control board etc - shall begin by addressing the agreed

ant hroponetric percentile range of the user population (see Part 2 of this
Defence Standard). The designer’s attention is drawn to the existence of
conput eri zed design nethods (see clause 26) and the use of nock-ups (see

30.1) (see also Part 4 of this Defence Standard).

14.1.2.2 Control and display selection. Based upon the operational
requirenents previously specified, the controls and displays should be
sel ected for positioning on the equi pment surfaces or panels (see Parts 7, 8

and 10 of this Defence Standard).

14.1.2.3 Control and display layout. The equipnent controls and displays
shal |l be arranged on the surfaces or panels according to the ergonomnic
principles of workstation |layout (see also Parts 4, 7 and 10 of this Defence
St andar d) . Al though the four principles (a), (b), (c) and (d) as follows
(not nutually exclusive) may seemto the designer to be trivial, even
pedantic, it is well established that their proper application inproves the
ease of operating equipnment. An ergonomc |ayout of controls and displays
is especially beneficial in demandi ng situations when a weary or stressed
operator may revert to 'stereotyped" behaviour and any adaptation that he
may have nade to awkward features of the design may be lost. As an aid to
control /display layout it is recomended that the designer uses the

di agranmatic techni que known as link analysis (see clause 25).

(a) Functional grouping: the nost common panel |ayout practice is to
provide clearly distinguishable functional groupings of panel conponents,
eg engine instrunentation, weapons controls, comrunications. These groups
of related conmponents should be made distinguishable from each other by
using labelling, l|ines of demarcation, spacing, and variously shaded pane
ar eas.

(b) Sequence of operation: when an operator observes events and selects
control options in a fixed sequence of operations, control panels |end

t hemsel ves to sequential arrangements of control/display conponents.
Sequences fromleft-to-right and top-to-bottomare hel pful in ensuring that
all operational actions are made in the proper order. Application of this
principle mnimzes operator novenents required in performng time-critica
or safety-related operations. Related to arranging conponents sequentially
are mimc displays (see Part 7 of this Defence Standard, 12.2).

(c) Inportance: this principle enphasizes placing the nost inportant
controls and displays within the primary field of view around an operator’s
l'ine-of-sight (see Part 7 of this Defence Standard, 6.1) and reach

envel ope (see Part 2 of this Defence Standard, 4.2).

(d) Frequency of use: the controls and displays are provided a |evel of
availability which matches their frequency of use, and sonetines
i mport ance.

14.1.2.4 1f the system being designed has to be carried (ie it is a

man- port abl e system) the designer shall give consideration to human strength
and lifting capabilities (see Part 3 and Part 11 of this Defence Standard).
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14.1.2.5 The design team should take into account, when designing the
system how it will be maintained and nake adequate provision for ease of
access, connecting/disconnecting conponents, labelling, and user manuals
(see Part 11 of this Defence Standard).

14.1.2.6 Health and safety. If the system being designed enmts noise,
heat, cold, radiation, vibration or any other potential hazard, eg toxic
fumes, the design team shall ensure that the levels are safe or that
adequate protection is provided (see Part 5 of this Defence Standard). The
climatic conditions in which the equipnment is required for operation should
al so provide a habitable environment for the crew. Health and safety
implications are linked to considerations of the functional problens
associated with task sharing, supervision, allocation of function and the
design to inplenent this effectively.

14. 2 Equipnrent (software) desian

14.2.1 For further information consult WIlliges and Wlliges (1984), Smith
and Mosier (1984), Foley, Wallace and Chan (1984) and Part 7 of this Defence
Standard. The mmjor topics that have to be considered are as follows:

(a) Data organization: information coding (shape, colour, brightness,
flashing, etc), information density, labelling, data formats (tabular,
nuneric, alphanuneric, textual and graphical data) and screen layout;

(b) Dialogue node: choice of mpde (ie command |anguage, nenu selection,
formfilling, conmputer inquiry, query |language, natural |anguage), dial ogue
design (structure, nomenclature, selection codes, abbreviations, defaults,
etc);

(c) Feedback and control: system nessages (status, errors), hard-copy
output, wuser control, error correction and recovery, help facilities.

14.3 Design of User Manuals

14. 3.1 Purpose. The purpose of the human factors design of user nanuals is
t wof ol d. Firstly, it is to ensure that the text describes adequately how to
operate or maintain the system or subsystem in question. Secondly, it is to
ensure that the information contained in the text conforms to established
principles of typography, eg legibility.

14. 3.2 Method

14.3.2.1 Content. User manuals should contain the follow ng:

(a) A description of the systemon which the task is to be perforned.

(b) Alisting of trained personnel required to performthe task.

(c) Al required setting up and securing operations.

(d) A step-by-step sequence of instructions, tinmed if possible.

(e) Required safety precautions.
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14.3.2.1 (Contd)
(f) Al critical operations enphasized.
(g) Information about how to respond to contingency, eg energency events.

(h) Any additional reference manual or technical data (however, it is
desirable, where feasible, to wite nost nmanuals out in full).

14.3.2.2 Information presentation. The presentation of the information
(text, figures, tables etc) in the user manual should conformto good
typographic practice. For exanple, to ensure adequate legibility, the print
shoul d be at |east as large as standard typewiter print; the layout of the
text should be planned so that page-turning is mnimzed - ie an associ ated
text is on the sane page as the illustration it discusses, and the topic is
not split at a critical point forcing the operator to turn back and forth
bet ween pages; also differentiate between headings and nain text by use of
capitals, underlining and colour, etc. The information should al so be

mat ched, as far as possible, to the user’s level of education, skill, etc.
Hartley (1978) has done extensive work on the design of such text. For
further information consult Joint Service Publication (JSP) 182 and Part 7
of this Defence Standard.

14.3.2.3 Pocket-sized manuals. User manuals are frequently |arge and

bul ky, sonmetimes even to the extent of being unusable. The designer should
consi der produci ng pocket-sized nmanuals, or reference cards, so that
operators can carry or have themreadily to hand. Pre-flight checklist
cards for pilots are an exanple of such 'job-aids'

15 Design of W rkspace and the Wrkpl ace

To a certain extent the workspace design associated with mlitary equi pment
overlaps with the design of the equipnent itself, as for exanple with
control consoles, cockpits, etc. However, design of equi pment workspace is
still relevant and should not be overlooked. Details of workspace and

wor kpl ace design are given in Parts 4, 5 and 6 of this Standard.

16 Design of Training Programme

16.1 Purpose. The purpose of training programme design is to ensure that
the training programme is constructed systematically and will produce
trained personnel, w thout which no systemcan function, to the required
standards. Regrettably, it is an aspect of systemdesign that is frequently
negl ected during the system design process.

16. 2 Met hod

16.2.1 Ceneral. This Part of the Defence Standard advocates the systens
approach to training which, typically, enphasizes the specification of

i nstructional objectives based upon needs assessment procedures, precisely
controlled | earning experiences to achieve these objectives, criteria for
performance, and evaluation information. In fact, the systens approach to
training resenbles very nuch the overall system design process of which it
forms one part. That is, the devel opment of the training programe proceeds
sequentially through distinct stages of analysis, design and eval uation
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The systens approach to the design of a training programre entails a nunber
of major steps (see figure 4). These steps are as follows:

Assess instructional need (see 16.2.2).
Derive objectives (see 16.2.3).
Select training nedia (see 16.2.4).
Conduct training (see 16.2.5).
Eval uate training (see 16.2.6).
ASSESSMENT TRAINING AND EVALUATION
PHASE DEVELOPMENT PHASE PHASE
ASSESS
] INSTRUCTIONAL
NEED
v
DEVELOP
DERIVE CRITERIA
OBJECTIVES

A A

SELECT TRAINING
MEDIA AND LEARNING

PRE-TEST

A 4

PRINCIPLES TRAINEES
< Y
CONDUCT MONITOR
A TRAINING TRAINING -
A 4
EVALUATE -
TRAINING hl
v
EVALUATE e
TRANSFER
Y
-4
Fig 4

The Systens Approach To Training
(From Goldstein (1974))

16.2.2 Assess instructional need. Needs assessnent is concerned wth
determ ni ng what tasks should be performed, and what know edge, skills and
abilities are necessary to perform the tasks.
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16.2.2.1 Tasks. Informati on about tasks is obtained, logically, froma
task description, task analysis, and job design (see figure 1). Once the
tasks are specified it is then necessary to collect judgments, usually from
"subject matter experts', as to which tasks are nost relevant for the design
of the training programme. For exanple, it would not ordinarily be usefu

to design a training programme for tasks that are not inportant and are
easily learned on the job.

16.2.2.2 Personnel. To obtain information on personnel know edge, skills
and abilities, the use of interview procedures (see 33.2) with job

supervi sors, personnel specialists or, when appropriate, existing

experienced operators, is usually recommended. Often the best procedure is

to supply several panels of five to eight know edgeabl e persons with a |ist

of the tasks and ask the follow ng type of questions

(a) What does a person need to know in order to (nane of task)?

(b) What do you expect a person to learn in training that would make him
effective at (name of task)?

(c) Describe the characteristics of good and poor operators on (nane of
t ask) .

(d) Think of soneone you know who is better than anyone el se at (name of
t ask) .

(e) What is the reason that they do it better?

The final step in this procedure is simlar to that in judging task

rel evance. Sone of the dinensions which mght be used for know edge, skills
and abilities are: difficulty to learn, inportance, and opportunity to
acquire.

16.2.3 Derive objectives. The purpose of assessing instructional need (see
16.2.2) is to derive the objectives of the training programre, which are
prerequisites to developing the criteria for training evaluation and the
choice of training media (see figure 4). For exanple, logically, the

trai ning programre should consist of the naterials necessary to develop the
know edge, skills and abilities to performsuccessfully at the job
Simlarly, the success of the training programre shoul d be determned from
criteria (neasures) that tell the training evaluator how well the training
programme does in teaching the trainees the same know edge, skills and
abilities. Training will be nost effective and efficient when the

obj ectives are specified and the whole training programme is then devel oped
to neet those objectives.

16.2.4 Select training nedia

16.2.4.1 CGeneral. Selection of training nedia tends to resolve itself into
a choice between three broad approaches

Telling the trainee what to do using verbal nethods, eg |ectures,
di scussions, notes; (see (a))
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16.2.4.1 (Contd)

Showing the trainee what to do by denonstration or guidance, eg fil ns,
vi deot apes; (see (h))

Having the trainee practice what to do, eg simulators, part-task trainers.
(see (c))

Al'so of value are:
Conput er-based training, (see (d)) and
Enbedded training. (see e))

(a) Verbal nethods: These contribute a natural approach to training
objectives. A basic decision at the outset of any training programme is the
extent to which verbal instruction is to be enployed and what amunt of such
instruction should precede on-the-job practice. The effectiveness of verbal
instructions depends on the form they take - which should be as sinple and
direct as possible - and on the nature of the task for which the
instructions are designed. Verbal nethods seem nost appropriate for

communi cating the rules that apply to successful performance, or the
theories and concepts that make for an understanding of the task.

(b) Denonstration: In its nmost general form training by denmonstration can
be an effective way to teach entire segments of behaviour. Material
presented by filmvideotape is as well remenbered as material presented

live, and very often the sane material could not be presented in a

cl assroom In addition, special facilities like the animated diagram or the
sl ow-motion sequence could not be achieved by any other method.

Di sadvantages include: the inflexibility of its timng (ie the viewer
typically has no control over the rate at which information is presented);

| ack of adaptability to variation in the conposition of the audience; need
for instructor preparation; and, of course, expense.

(c) Practice: Having the learner practice is, or should be, the basic
activity in nost forms of training. The effectiveness of practice depends
on the conditions in which it takes place, including the amount and kind of
know edge of results that is offered.

(d) Conputer-based training: As the term inplies, conputer-based training
refers to the use of conputer technology to present and manage the
instructional material; it can be thought of as 'automated teaching'.

Conput er-based training has many inherent advantages; for exanple,
consistent high quality instruction, (training strategies of the best
instructors can be incorporated and replicated); mbility of training

(equi pment can be easily transferred to remote sites without having to send
trainees to an instructor or vice versa); privacy (trainees can succeed or
fail in private so that embarrassment of failure is reduced); individualized
training (performance standards or objectives can be set for each | esson for
the individual trainee). The nmajor disadvantage of conputer-based training
is the time and expense of conputerizing the instruction.
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16.2.4.1 (Contd)

(e) Enbedded training: Enbedded training refers to the inclusion of

instruction as an integral part of an equipment or system A sinple exanple

is the incorporation of a small light emtting diode/liquid crystal display

in many products and machines for presenting brief pronpting nessages to

hel p people use them  Although not essential, a conputer capability for a
system appears to be one of the deternminants of situations in which enbedded
training has operational potential. Associated with the conmputer should be
sonme computer-driven array of presentations to enable scenarios, and ot her

forms of training material which offer instruction and practice under

controlled conditions, to be presented.

There are many issues to be considered concerning the use of enbedded

t rai ni ng. For exanple, it nmust be designed in such a way that the system
can switch instantly fromtraining node to operational node without

affecting system performance adversely. For further information see Ditzian
et al (1986).

16. 2.5 Conduct training

16.2.5.1 CGeneral. As in any teaching situation, the nunber and content of
the | essons should be considered carefully. For optimal |earning, |essons
shoul d neither be too long and conplex nor too simple. As for determning
the right amount of information, for exanple, it is clear that training wll
be inefficient if insufficient information is provided. Distributing
practice sessions too sparsely, or covering too little ground in any one
session, are obviously wasteful training procedures. However, nany tasks
and concepts will overload the trainee, so that other procedures, like the
use of part-practice, are often to be reconmended. Again, information may
be inserted at the right or the wong point in a sequence of skilled
activity, with resulting consequences for efficiency in training. A guiding
word at each of the successive stages of an activity is likely to prove far
nore effective than a set of elaborate instructions provided beforehand,
which will have to be held in menory throughout the operation

16.2.5.2 Adaptive training. Adaptive training is a nmethod of training in
which the level of difficulty at any stage is made to depend on the
trainee’s level of achievement at that point. Instead of separating a
conplex skill into parts so as to present the trainee with a subtask that is
not too difficult to master, adaptive training achieves the same objective
by initially sinplifying the whole task, then increasing the difficulty

l evel in successive steps until the full operational |evel is reached.
Adaptive forns of training are potentially superior to fixed difficulty
met hods, since the trainee is always presented with the right degree of
chal l enge at each |evel of progress. Automated adaptive training is a

cl osed-1oop variation in which the trainee's perfornmance is nonitored by a
conputer and the difficulty level of the task is changed by the conmputer
according to the trainee's performance
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16.2.5.3 Team training. Teans are a pervasive and an increasingly
important neans of system operation, and the training of teans should
therefore be considered by the design team The training of a team begins,
logically, with the individual mastering of the basic skills of operationa
tasks; the nost visible and concrete activities of teanms are the operationa
tasks that achieve the teanis output. However, the training enphasis nust
not only be on operational tasks but also on team functioning and team
skills.  The essence of 'teammess' lies in the way team nenbers relate and
interact while carrying out these operational tasks. Essential to team
functioning is sonme shared understanding of the team plan, that is, the
strategy for acconplishing the teanis goal, eg the tracking and destruction
of submarines by an anti-submarine warfare team  Sharing of the plan as a
common frame of reference enables individual menmbers to coordinate their
behavi our to the actions of their teammtes and the conditions under which
the teamis performng. Teamidentity and pride are also factors in team
performance, although usually neglected in the research literature. Team
identity is associated with attributes like 'cohesiveness' and loyalty

Team nmenbers should be encouraged to set up and share performance standards
and exercise an internal social discipline for the good of the team The
energence of pride and teamidentity, although not directly trainable
attributes, may be useful as a neasure of a stage in team devel opnent.

16.2.6 Evaluate training

16.2.6.1 General. Two aspects of training evaluation can be distinguished:
the evaluation of the training programme as a whole (ie to produce trained
personnel) and the evaluation of the training device or materials itself

(ie to produce a required anmount of training). The training progranme and
training device can both be evaluated either by neasuring trainee
performance (satisfactory performance equals effective training) or by
assessing their attributes (satisfactory characteristics equal effective
trainers). Perfornance neasurement is the preferred nethodol ogy since the
pur pose of training (the programme or device) is to develop trained
personnel. It is a nore direct evaluative measure.

16.2.6.2 Training device evaluation. A training device is best evaluated
by neans of the 'transfer of training' paradigm Transfer of training
refers to the process whereby a skill learned in one setting has an effect
(either positive or negative) on performance in a different setting or on a
different task undertaken subsequently. A positive effect or 'transfer' is
said to occur when something previously learned benefits performance or
learning in a new situation, eg driving a different notor car. Negative
transfer is said to occur when sonething previously |earned hinders
performance or learning in a new situation, eg learning to drive one’s notor
car on the opposite side of the road to nornmal

27



NT DEF STAN 00-25 (PART 12)/1

16.2.6.3 Training progranme evaluation. The ideal nmethod of evaluating the
training progranme consists of a training school pre-test/post-test

eval uation of trainees followed by neasurenment, at a later date, of their
actual performance in the operational setting; in other words, a transfer of
training assessment. The traditional pre/post test determ nes that sone
trai ning has been acconplished and on-the-job neasurenent indicates that the
trainee can perform his job. The operational nmeasurenent is nost critica
since without it the preceding evaluations are of little value. To perform
the training evaluation and on-the-job neasurenent the eval uator requires
criteria, neasures, and nethods of measurenment just as he does for any other
measurenent. To devel op these he should refer back to the origina
definition of training objectives and task anal yses (see 16.2.2, 16.2.3

and figure 4) which should contain the performance criteria on which the
school tests were based and which shoul d suggest on-the-job neasures.
Performance measurenent in the operational environment is, undoubtedly,
difficult and costly. It is to be expected that the transfer of training
eval uation as specified above might be inpossible to inplement properly.

I ndeed, the classic transfer of training evaluation enploying a contro
group (ie a second group of subjects who are tested on-the-job but did not
receive the relevant training) is also of doubtful practicability. There
will be circunstances, dictated perhaps by adm nistrative or safety

consi derations, in which a control group cannot be enployed. For exanple,
it mght be unacceptable to 'penalize' the control group by requiring that
it receive presumably inferior training. Less formal methods of receiving
feedback fromthe operational environment have been suggested (Meister
(1985)):

(a) The trainee nay be asked to answer, and return to the training school

a critique - in questionnaire form- of the training he received in the
light of his new job responsibilities. The technique |eans heavily on the
wi | lingness of personnel to volunteer information and their skill in being

able to analyze their own performance in training-related ternmns.

(b) Skilled evaluators and 'subject matter experts' can visit the
operational system and observe/rate the trainee s perfornmance and then
i nterview himand/or his supervisor (see clauses 32 and 33).

(c) Ratings by the trainee’ s supervisor can be sent back to the training
school for evaluation but their adequacy depends on the supervisor’'s
eval uative skills.

17 Design Evaluation

17. 1 Purpose. Design evaluation is carried out before production so as to
verify that the proposed system design conforns to human factors standards
and that it functions as intended. Analytic approaches, no natter how
systematic or thorough, can overl ook design details and fail to anticipate
fundanental operator preferences.
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17.2 Method. Depending on the nature of the system being devel oped a
nunber of evaluative techniques can be used:

Checklists (see clause 29).
Mock-ups and Model s (see clause 30).
Simulation and Simulators (see clause 31).
(oservation (see clause 32).

Interviews and Questionnaires (see clause 33).
(bj ective Measurenent (see clause 34).

Equi prent drawi ngs should be evaluated using checklists (which, of course,
are conpiled from standards). Myck-ups and nodel s shoul d be used to check
that the design is practical, and that items have not been overl ooked.
Mock-ups are extremely useful because theoretical analyses are not
infallible. Conplex aspects of a system design should be evaluated by neans
of sinulations.

18 Post-Design Evaluation

18.1 System effectiveness

18. 1.1 Purpose. System effectiveness is evaluated so as to check that,
fromthe human factors point of view, the system operates as intended.

Anal ytic approaches, and even an evaluation of the system design (see clause
17, no matter how systematic or thorough, can fail to anticipate

operational realities.

18.1.2 Method. System effectiveness can be evaluated during war ganes
(North Atlantic Treaty Organization (NATO exercises, fleet exercises,
simul ated conbat etc) and during hostilities.

Eval uation of the systemeffectiveness is carried out using the foll ow ng
t echni ques:

Cbservation (see clause 32).
Interviews and Questionnaires (see clause 33).
(bj ective Measurenent (see clause 34).

18.2 Training effectiveness

18.2.1 Purpose. The purpose of training effectiveness is to determ ne that
operators' performance neets the training objectives in a time and cost
efficient manner. That is, that using the particular training programe or
device training has been achieved nore quickly and at |ess cost than
alternative training resources.

18.2.2 Method. For further information consult Rolfe and Caro (1982) and
Ol ansky (1986).
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18.3 Problem investigation

18.3.1 Purpose. Probleminvestigation is undertaken to identify the causes
of problens that have becone apparent during the operational use of the
system and to reconmend solutions to those problens.

18. 3.2 Met hod. Probleminvestigation, in the main, is a repeat of the
systens analysis that led originally to the systemunder investigation
This is because the areas of investigation (function and task anal yses) are

much the same as those enphasized during devel opment. O her techniques can
be enpl oyed:
(bservation (see clause 32).

Interviews and Questionnaires (see clause 33).

(bj ective Measurenent (see clause 34).

Reverse Engi neering An analysis of the life-history of the
systemto deternmne the reasons for failure
to neet the stated requirenents. It is the

desi gn process which is exam ned as well as
the system which has resulted
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Section Four. Design Aiding Techni ques

19 Introduction

In Section four of this Part of the Defence Standard various design aiding
techniques are presented. The list of techniques is not conprehensive; to
those currently included could be added, for example, tine-line analysis,

and tinme and notion nmethods. Each of the follow ng techniques has been

devel oped for a slightly different purpose. Careful consideration should be
given to the purpose of the investigation before a specific technique is
used.

Function Flow Di agram (FFD) (see clause 20).
Deci sion/Action (D/A) Di agram (see clause 21).

Qperational Sequence (OS) Diagram (see clause 22).

Workl oad Prediction (see clause 23).
Error Analysis (see clause 24).
Link Anal ysis (see clause 25).
Comput eri zed Design Aids (see cl ause 26).

Mat hemat i cal Model |ing Techni ques (see clause 27).

20 Function Flow Di agram (FFD)

20.1 Purpose. The purpose of an FFD is to assist in the determ nation of
required operator functions and their sequential interrelationships. An FFD
can also serve as an aid to Allocation of Functions (see clause 10).

The FFD is best suited to gross analysis at a very early stage in system
anal ysi s because the amount of information it contains is linmited to
function sequence and relationship. An FFD can aid discussion within the

design team and al so serves as a record of the design.

20.2 Method. An FFD (see figure 5) is constructed by arranging in
sequential all of the various functions that are believed to pertain

to a particular system (or subsystem depending on |evel of detail). Each
function is a verb-noun conbi nation; occasionally nouns are assunmed and
adj ectives added. In general, during the construction of higher level flows

no distinction should be made between operator, equipment or software
i npl enentation of system functions. The lack of distinction is for the
purpose of conducting unbiased allocation of functions.
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20.2 (Cont d)

Each function is depicted within a rectangul ar block and nurmbered for
reference nore or less according to its sequence on the page. The numnbering
system represents a progressive |level of hierarchy: top-level functions
1.0, 2.0, etc; first-level functions 1.1, 1.2, 1.3, etc; second-Ievel
functions 1.1.1, 1.1.2, etc, and so on. These nunbers, which remain with
the function as long as it is unique, are inportant to enable the flowto

ei ther higher level functions or between functions for retracing. Functions
are drawn fromleft to right and usually fromtop to bottom indicating the
normal sequence of occurrence of systemfunctions. Arrows should enter the
block fromthe left and exit to the right (ie they should not be used on
either the top or bottom of the blocks). Wierever arrows join or diverge

t hey shoul d be connected by an "and', 'or', or 'and/or' junction as shown in
figure 5. The significance of the "and" junction is that all of the
following or preceding functions must be perfornmed. The 'or' junction

i ndi cates a choice between two or nore of the follow ng or preceding
functions to be perforned. The 'and/or' junction conbines the two and is
useful if page-space is limted.

1.9 1.0
MONITOR AND CONDUCT
CHECKOUT FLIGHT
ON-BOARD OPERATIONS

SUBSYSTEMS

19,
91 195

INTERRQGATE

AND MONITOR S:::&:z"
AVIONICS STATUS

\ 4

\d

1.9.2 1.9.4 196

> <"‘°> »> i:':'ﬂ'm?. Q DIsPLAY ESTABUSH | @ an >
AIRPLANE SUBSYSTEM LRU FAILURE y

SUBSYSTEMS STATUS AND CAUSES

Y

1.9.7

193

ESTABLISH
o INTERROGATE FAILURE MODES

AND MONITOR AND SUBSTITUTE
ARMAMENT OPERATIONAL
SUBSYSTEMS MODES
3.0
CONDUCT
SYSTEM
MAINTENANCE
Fig 5

Sanpl e Function Fl ow D agram
(Mdified From Geer (1981))
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20.2 (Cont d)

The concept of functional |evel detail is based on the total size or scope
of the particular systemto be analyzed. Naturally, the smaller the system
being worked, the nore detailed will be the corresponding |evel of
functional analysis. Larger systems will require nore levels to get to the
same |ayer of detail. Top and first level functions tend to be identical
for simlar systems, eg perform preflight, taxi, takeoff, etc. For large
systens, such as a conplete aircraft, they are gross system operations. The
second |evel functions would tend to describe system operational (or

mai nt enance) functions within the various nission phases. The third Ievel
may define specific functions with neasurable performance. Al location of
functions between operators, equipnent and/or software may occur at this
level. Fourth level functions may be the level at which operator task

anal ysis may occur.

21 Decision/Action (DA) Diagram

21.1 Purpose. A D/A diagramportrays the sequential flow of information
between a series of operator tasks or sub-tasks. It is used to clarify the
informati on needed by the operator, to identify potential sources of
operation error, and to assist in determ ning control and display
requirements. Typically, it is used as an aid to task analysis (see clause
13) but can also be used at other stages of system devel opnent.

21.2 Method

21. 2.1 Synbol ogy. There is not a standard symbology for D/A diagrams. The
following synbols, derived from several accepted synbol conventions (see
Singleton (1974); p.36), are recommended for denoting events:

(a) Operator action. :
(b) Operator decision. O
(c) Infornation or data. O

(d) System action/status.

(e) Enter/exit. D
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Sanpl e Decision/Action Diagram
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21.2.2 Decision analysis. Based on the information contained in the task
description (see clause 12 and table B) the tasks that conprise a
particular function are analyzed in greater detail (to subtask level, as
necessary) to deternmine the decisions made by the operator.

21.2.3 DA diagram construction. Each event (subtask, decision, etc) is
drawn on paper using the special synbology and linked in its sequence of
occurrence. The flow of information is usually drawn vertically, top to
bottom (see figure 6) in a simlar fashion to flow charts used by conputer
progranmers. [Each event is described by a relatively short verb-noun

conbi nation with occasional adjectives or other nodifiers contained within
the synbol. Sonetinmes nunbers are added to the synbols to aid in retracing
the flow between decision/action events. |t should be noted that flow paths
shoul d be conplete. That is, every path should either recirculate or end in
a valid exit (ie indicate route to another diagranj. Finally, operator

decisions are depicted as binary choice events and the words 'yes' and 'no'
are added to the diagram as appropriate.

erational Sequence (OS) Diagram
22.1 Purpose. An OS diagram portrays the sequence of operator/crew
behavi ours and system events during system operation. It is used to exam ne
in detail operator actions and decisions, and interactions between the
operator, other operators, equipnent and the system In effect, an OS

diagramis a simulation of system operation - on paper. As with the DA
diagramthe OS diagramis used primarily as an aid to task analysis

(see clause 13). It differs froma D/A diagram (see clause 21) in

that the operator’s sensory node of conmunication (ie sight, touch, hearing)
is included and becomes nuch nore conpl ex.

22.2 Method

22.2.1 Synbology. To construct an OS diagram a nore or |ess standardized
synmbol ogy is enployed, as shown in table D). It should be noted that this
synbol ogy differs from that enployed in a DA diagram (see 21.2.1).

22.2.2 OS diagram construction. As shown in figure 7 the operators and
their system are entered into the colum headings; it generally proves
convenient to place the operators and the equipnent they control in adjacent
colums. Any nunber of operators may be depicted on the OS diagram
(although beyond a certain point the conplexity of the diagram reduces its
effectiveness) and it helps to group together all the operators and

equi prent of a specific subsystem or functional division of the system

eg weapons control. However, if the operators and equi pment have not been
specified, the designer will have to specify them tentatively. The OS
diagramis initiated by the first event designated by the set of operations
and, in a simlar manner to the DJA diagram the flow of information is
always fromthe top to the bottom of the sheet. The time and events are
witten in colums 1 and 2. Al of the equipment or operators receiving the
input are listed and the transm ssion node is noted by using the appropriate
letter code (see table D). The subsequent actions taken by the

operat ors/equi pnent (ie operations, transm ssions, etc) as they react to the
input are shown and, finally, external outputs are plotted in colum 6.
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Table D

Qper ati onal Sequence Di agram Synbol ogy
(From Geer (1981))

Operate - an action function, to accomplish or continue a
process. (Sometimes used for received information)

Inspect - to monitor or verify quantity or quality. An inspection
occurs when an object is examined.
(Sometimes used for action)

Transmit *- to pass information without changing its form.

Receipt *- to receive information in the transmitted form.
(Sometimes used for stored information)

Decision - to evaluate and select a course of action or
inaction based on receipt of information

Storage - to retain. (Sometimes used for transmitted information)

- <Aoo

Mode of transmission and receipt is indicated by a code letter within the

E> and U symbols

- Visual
- Electrical/Electronic

- Sound (verbal)

IC - Internal Communication
EX - External Communication
T - Touch

M - Mechanically

w - Walking

H - Hand Deliver

22.2.2 (Contd)

The construction of an OS diagramrequires a great deal of information and
the integration of that information is generally a tedious and

ti me-consum ng process. Experience has shown that the construction of OS
di agranms requires trained individuals with analytical skills.

36



| NT DEF STAN 00-25 (PART 12)/1
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erational Sequence Diagram

(From Geer (1981))

23 Workl oad Prediction

23.1 Purpose.

design aimto optimze workl oad,

The purpose of workl oad prediction,

given that it is a
is to identify those aspects of the system

bei ng devel oped that m ght inpose either an excessive or insufficient

and nmental |oad on
wor k|l oad, or
is well

physi cal
| nsuf ficient
wor kl oad since it

deterioration of performance (see Smith (1981)).

under | oad,
establ i shed that boredom can result

the operator. be changed.

as excessive
ina

pur pose of

These nust
is just as inportant

Anot her

wor kl oad prediction is to conpare the relative nerits of design

al ternatives.

Wor kl oad prediction can be used as one of the criteria in

task synthesis (see clause 11).
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23. 2 Method

The topic of workload, both its prediction and neasurenent (see 35.1),

is fraught with difficulty, and reference should be nade to a hunman factors
specialist for further details. There is no agreed definition of workload

and it can be conceptualized in different ways, eg as effort, demand or as

perf or mance.

24 Error Analysis

24.1 The nature of human error

24.1.1 Human error is, functionally speaking, the failure to attain an

obj ective goal given a situation in which available information could |ead
to its attainment. For the purpose of this Part of the Defence Standard it
is presuned that errors are seldomrandomand, in fact, can be traced to
specific causes and contributing factors. Once isolated, these factors can
be aneliorated or elininated.

24.1.2 Cassification of errors. There are many kinds of errors and the
recognition of this has resulted in a wide variety of error classification
schermes.

24.1.3 Error rates. It is difficult to estinate human error rates because
many are not directly observable. Errors of perception or menory may not
have i mredi ate consequences and so go unnoticed; sone errors may be of very
| ow frequency, particularly with well-trained personnel. A typical error
rate cited is one error per 1000 opportunities (p = 0.001) for sinple
actions like pushing a button or reading a nunber. FError rates are
fundamental to human reliability engineering (see 24.2.3) but it is

advised that they should be used with caution. The designer should note
that behaviour error rates are probably very high, perhaps approaching

P =20.1or nore per action, but that self correction reduces this by one or
two orders of nmagnitude. In tasks where self correction is inpossible or
unlikely, the probability of a behavioral error may be in the range
1>p>0.1and nmay approach 1.0 when stress is high and errors have al ready
occurred.

24.1.4 Causes of error. It is customary to distinguish between Situation-
Caused Errors (SCE) and Human- Caused Errors (HCE). Soneti mes causes are
referred to as 'exogenous' and 'endogenous', or in human reliability
termnol ogy as 'performance shaping factors'. For exanple, if a

conmuni cation systemis noisy, with a poor signal to noise ratio, even an
optimal listener will nake errors; these would be SCE's. If, on the other
hand, errors are due to the operator’s lack of skill, these would be HCE s.

Even the latter could be considered SCE's, since the system designers should
have better trained the operator or should not have selected himfor the job

in the first place
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24.1.4 (Contd)

The design of the system can produce operator error. For information on
theories of human error,. consult Singleton (1973). A related point to
mnimzing the effect of an error is that, given that a system failure has
occurred, the nmpst urgent requirement may be to know what facilities or
equi prent are still functioning correctly and can be used with confidence;
the user of a system may not have time to diagnose and correct errors. The
desi gn team shoul d, where appropriate, consider this problem

24.2 Error Prevention

24.2.1 Purpose. The purpose of error prevention is to nininize the
opportunities for the occurrence of human error which might otherw se affect
system operation adversely. Because people will make errors even in the
best designed system wth the best of training and notivation, the purpose
of error prevention is also to minimze the effect of an error on system
oper ation.

24.2.2 Method

24.2.2.1 Ceneral. The nmethod of error prevention is rather inprecise but
entails, essentially, anticipating and avoiding 'error-likely situations'.
The rational e behind the technique is that if one examines the systemin
terms of all the errors its personnel mght nake, one can design or redesign
the system to reduce the |ikelihood of those errors.

24.2.2.2 The primary nethod of error prevention is the proper

i mpl ementation of this Part, and all other Parts of this Defence Standard.
That is, to conduct human factors analyses of the system eg task analysis,
and to design equipnment according to well-established ergonomc principles
(see 14.1). Reflecting this broad approach, a 'total error reduction
strategy’ has been proposed (Singleton (1972)) consisting of a list of
specific areas of concern:

Al l ocation of function.

Interface and workspace design.

Sel ection and training.

Overqualified personnel.

Ri gid procedures.

Conti ngency pl anni ng.

Human and hardware based nonitoring.

Working hours and other conditions.

24.2.2.3 Design rules. By analyzing the classes of errors that people make
with systems, it is possible to develop principles of system design that
mnimze the occurrence and effect of error. Four such principles, directed

primarily at conputer-based systens but also of general use, are as
foll ows:
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24.2.2.3 (Contd)

(a) Feedback: The state of the system should be clearly available to the
user, ideally in a formthat is unanbiguous and that makes the set of
options readily available so as to avoid node errors (ie doing sonething
believing the systemis in one state when in fact it is in another).

(b) Response sequences: Different classes of actions should have quite
dissinmlar comand sequences (or menu patterns)

(c) Actions should be reversible: To avoid unintentional performance,
actions should, as far as possible, be reversible. Those actions that are
irreversible and of relatively high consequence should be difficult to
execute, eg as in the required release of 'safeties' before a pilot can
gject fromhis aircraft.

(d) Consistency of the system The system should be consistent inits
structure and design of command so as to mininize nenory problens in
retrieving the operations

24.2.3 Human reliability engineering. Human reliability engineering is a
branch of human factors concerned with predicting and eval uating the

per formance of system personnel in quantitative terns using, for exanple,
such indices as error probability.

24.2.3.1 Particular nention is made of Technique for Human Error Rate
Prediction (THERP). The method depends heavily on task analysis (see clause
13) to determine error-likely situations. Potential system or subsystem
failures are defined, after which all the human operations involved in the
failure and their relationships to systemtasks are described by draw ng
themin the form of an event probability tree. Error rates for both correct
and incorrect performance of each branch of the event tree are predicted by
drawi ng upon a variety of data sources for inputs. \Wuere an error rate is
considered to be too high the systemis analyzed to deternmine the causes,
and changes are recomended. For further information consult Meister
(1984a, 1985).

24.3 Error Reduction

24.3.1 Purpose. The purpose of error reduction is to inprove human
performance (and health and safety) and thereby inprove overall system
performance. Error reduction, as distinct fromits prevention

(see 24.2) is the method or nethods of reducing the occurrence of human
error once a systemis operational. It is a renedial technique.

24.3.2 Method. The type of information to be collected and recorded wll
depend partly on the system operations in question but the list bel ow
i ndi cates sone of the information which would be needed to identify and

anal yze the errors.

(a) Operator(s): The specific individual is uninmportant unless he has sone
special characteristics that made the error nore probable.

(b) Equi pnent: \What equi pment was being operated or naintained, and its
| ocati on.
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24. 3.2 (Contd)
(c) Task: Description of the individual task in which error was nade.

(d) Time: When was the error made? (eg in what part of the system mi ssion,
on what shift).

(e) Error: Description of the error and classification. Was the error
correctabl e?

(f) System response: \Wat were the consequences of the error? How
critical was the error?

(g) Operator response: Was the operator aware that he had made an error?
Was the error corrected?

(h) Error cause: What was the apparent cause of the error?

(i) Recommendations for reducing or elimnating the error: As a general
guideline, situation-caused errors call for system redesign, hunman-caused
errors for retraining.

24.3.2.1 The nost common procedure for recording errors manually is to use
an operating procedure as a sort of tenplate. As the operator perforns his
tasks, the investigator checks off each action on the procedure. An action
deviating from that specified in the procedure would be noted accordingly.
Wth computer-based systems it is a relatively sinple natter to record all
operator inputs to the systemand even, possibly, to indicate automatically
where errors have been nade. For further infornmation consult Swain (1973)
and Meister (1985).

25 Link Analysis

25.1 Purpose. The purpose of link analysis is, by portraying the frequency
and nature of the interactions anpbng system conponents, to provide a graphic
aid for the layout of controls and displays on an equi pnent panel or consol e
(see 14.1.2.3). It also acts as an aid to arrange equipnment in a

facility or control room that is, workspace |ayout (see clause 15).
Additional information on link analysis can be found in Part 4 of this

Def ence St andar d.

25.2 Application. The aimis to redraw the workplace or control panel

di agrans so as to reduce the nunber and length of the links and Iink
crossings, which suggest "activity' and 'confusion' and thereby produce a
more efficient design arrangenent. The data required for the analysis is:

(a) Information on flow requirenents,
(b) Flow nedium

(c) Equiprent/operator’s requirenents,
(d) Functional allocation,

(e) Any special constraints.
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26 Conputerized Design Aids

26.1 Purpose. The purpose of conputerized design aids is primarily to save
time (but not necessarily data collection which may still have to be

| aboriously done by hand). Conputerized design aids are nore versatile and
flexible than their manual counterparts enabling different design solutions
to be examined easily, and aid conceptualization of the man-nachine
interface. Some conputerized design aids, eg CAFES, incorporate function

al l ocation and workl oad assessment programmes, in addition to the

ant hroponet ry/ panel |ayout routines (see Meister (1985); p.105).

26.1.1 It should also be noted that conputer technology offers another
design aid, distinct fromthe design 'packages' as defined above, in the
form of graphics facilities. That is, conputer graphics in their draw ng
and mani pul ative nodes can assist design work,in nuch the same way as an
electronic calculator is a tool for mathematical calculations.

26.1.2 Human factors tasks are frequently too many to be conpleted manual ly
in accordance with the system design programme. This results in either

m ni mal consideration or heavy reliance on professional experience and
judgenment.  Conputerized design aids offer a neans of making the human
factors contribution to systemdesign nore effective (see also 4.4).

26.2 Application. It is beyond the scope of this Part of the Defence
Standard to include nore than a cursory discussion of conputerized design
aids. Mst of the available systens, with the exception of United Kingdom
SAM E, (see Part 4 of this Defence Standard) have been devel oped by, or are
under contract to, United States governnent establishments and are not
commercially available. The major techniques are restricted to aircraft and
autonotive design. A conparison of the functional capabilities of the best
known techniques is shown in table E

26.2.1 It should be noted that npbst conputerized design aids seemonly able
to evaluate pre-derived designs whilst some others, eg CAFES, can assist in
producing design alternatives. For further information on conputerized
design techniques the reader is referred to Rothwell (1985) and Barfield and
Sal vendy (1984).

27 Mathematical Mdelling Techni ques

27.1 Purpose. The purpose of mathematical nodelling techniques is to
enabl e mani pul ati on and studying of system paraneters that would otherw se
require the collection of operational data at great expense and time and
nore inportantly at the possible risk of human life. |t also allows one to
study a system that may not as yet exist. Unlike conputerized design aids
(see clause 26) nathenatical nodelling is used for evaluating and

predicting operator performance and nmakes extensive use of psychol ogica
theory. Models of human perfornmance can serve, ultimately, as an aid to the
designer’s thinking about the problem being addressed. For exanple, they
can forma basis for the extrapolation of information given, to draw new

i nsights and new testable or observabl e inferences about system or conponent
behavi our. Mathenatical nodelling of human performance al so serves to
inprove the fidelity of overall system nbdels where the systemincludes

ot her non-human conponents. |f human performance is a major factor in
system effectiveness, then the better the human nodel, the better the system
model. For further information consult Pew and Baron (1983)
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Table E

Conmparison O Sonme Anthroponetric Conputerized Design Techni ques
(From Dooley (1982))

BOEMAN

CYBERMAN

COMBIMAN

SAMMIE

BUFORD

Operator/ System Vector graphics; dynamic

Comemunication

display; batch input.

Vector graphics; static
display; interactive system;
partial batch input; prompl
svstem.

Vector graphics; dynamic
display; interactive system;
partial batch input; prompt
svstem.

Vector graphics; statc
display, imteractive system;
hidden fine removal.

Vector graphics; static
display, interactive system.

Data Files 50th-percentile 3-D human  Any percentile 3-D human  Any percentile 3-D human  Any percentile 3-0 human  50th-percentile 3-0 human
model, from Hertzberg, mode! from SAE 2-0 model using 1970 Army mode! using male ang model from 1966 Dreyfus.
Dreylus, and Dempster; Manikin and HEW 1860, and 1967 USAF mzles female Dreyfus survey.
A7-E cockpit modef. census. survey; ATE cockpit model.
Model Batch input of Environment constructed  Batch input &f basic interactive construction \nteractive construction
Canstruction environment, human from separate systems; environment; inferactive  and manipulation of human and manipulation of human
models, and task human modet interactively construction and manipula- and environment modets.  and environment models.
sequences. constructed and manipu-  tion of human and environ-
lated. ment models.
Graphics Operator-specified view- 36 standard operator eye  Operator-specified view-  Operator-specified Operator-specified
Presentation points of models. locations ; operator-defined points of models: entity viewpoints of modets. viewooints of models:
- distancs. Labeling. entity labefing,
dimensioning.
Human Model  Body motions realistically  Joint movements operator  Body motions realistically  Body motions realistically  Joint movements operator
Reach and constrained within accurate defined, spearation of body constrained within accurate constrained within accurate defined; clearances
Clearance joint movements, lap and  segment not alfowed, foint movements, lap and  joint movements: reach visually determined; hard
Analysis shoulder harness ciearances visually shoulder harness success/failure indication  hat graphically depicted on
Capabilities restraints. interference and determined: swept areas,  restraints, flight suitand  (failure distance given); model.
collision detection and envelopes, or motion paths heimet; reach success/ reach areas and volumes
avoidance during task can be generated for failure indication; clearance graphically depicted;
sequence runs. reach graphic display. visually determined. clearance visuatty
baskets defined. determinad
Human Model  Eyepoint graphicaily Eyepoint graphically Human model’s line-oi- Human mode!'s viewpoinl  Nohe.
Visual Analysis  depicted on model; visual  depicted on model. sight azimuth and elevation available, with angular
Capabilities interferences identified. angles on hardcopy; Aitofl  and/or length increments:
projections available. generalized mirror views
available.
Sample Information unobtainable.  CDC 73 computers; IBM 370, Modei 155 Prime 3007400 series, CV turnkey CAD/CAM
Compatible Tektronix 4014 graphics  computer; 2250 graphics  GEC 4070 series. or VAX  system.
Systems terminal. display. minicomputers; Tektronix
4010 or 4014 storage or
imlac POB4 retresh
graphics terminal or
anything that can support
GINO-F graphics package.
Link and Joint  23-joint figure with variable 15-link stick figure with or 35 internal link-skeletal Total of 21 rigid links with  Each of the 15 links is a
Parameters link lengths; without complete wireframe

3-0 outline of modei.

outline—either
representation can be
graphically displayed.

system derived from 12
readily measurabdle anthro-
pometric surface
dimensions; fleshed out
eilipsoids cover this fink
system and these eilipses
are connected with tangent
fines 1o define the contour
of the model.

17 pin joints in total; 3-0
fiesh contours surround
this model; vanations in
both percentile and flesh
contours (thinness,
muscularity, fatness) are
5llnwnhle_

discrete entity, the
enfleshment Bnes normally
define a S0th-percentile
man, but are scalable to
any dimension.
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27.2 Types of human performance nodels

27.2.1 Ceneral. It has been remarked that there are as many different

types of nodels and nodel ling nmethodol ogies as there are inventive mnds.
Simlarly, nodels of human performance have been categorized in nunerous
ways. The follow ng types of human performance nodel are distinguished:

Task network nodels (see 27.2.2).
Cognitive nodels (see 27.2.3).
Control theory nodels (see 27.2.4)

Search and detection nodels (see 27.2.5).

27.2.2 Task network models. Task network nodels are those in which the
subt asks conprising an operator’s overall task are represented by a type of
flow chart - a network - describing their logical interconnections and the
sequences and loops in which they are performed. In addition, conpletion
times, or a statistical distribution of conpletion times, together with
probability of successful completion or reliability are specified. Wen al
of the network el ements and their interconnections have been descri bed,
initial conditions are selected and a stochastic (Mnte Carlo) simulation is
run to estimate the paraneters relating to overall system perfornance.

27.2.2.1 The first and best known task network nodels of hunan performance
were those of Siegel and Wolf (1969, 1979). The success of their approach
stimulated the later devel opment of a special purpose simulation | anguage
call ed Systens Analysis of Integrated Networks of Tasks (SAINT). For a
brief review of SAINT consult Seifert (1979)

27.2.2.2 The advantages of network npbdels are their intrinsic generality
and their ability to be formulated at any desired |level of detail. The

di sadvantages are that to apply the approach, it is necessary to analyze
tasks into discrete elenments having well-defined inputs and outputs; highly
interacting elenments can lead to a prohibitive |evel of conplexity, but
assum ng the independence of task elenents can lead to inaccurate results.
Moreover, as in any other application the nodels are only as good as the
data on which they are based.

27.2.3 Cognitive nodels. Cognitive nodels are of two types; infornation-
processi ng nmodel s concerned with attention, perception and menory,
eg Broadbent (1958), and problem solving nodels concerned with nmenta

processes such as decision making and problem solving, eg Rouse (1983). The
latter type of nodels have tended to concentrate on the fault diagnosis and
system dynami cs assessnent behavi our of process control operators. The
nodel s have not been used very nuch in aid of system design and have been
used primarily, if not exclusively, for research purposes.
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27.2.4 Control theory nopdels. Control theory nodels are concerned
primarily with predicting total man-nmachi ne system performance as a neans of
anal yzing and designing systenms. The nodels include information processing
algorithns but unlike cognitive nodels (see 27.2.3) these are stated in
ternms relevant to the systemcontext, so that the nodel can be used to
conpute system performance. That is, the human operator is viewed as an

i nformation processing and control/decision elenent of the systemin a

cl osed-l1oop fashion. Furthernore, trained operators are expected to exhibit
many of the characteristics of a 'good" or even optimal inaninmate system
performing the same functions in the '"loop'. For more information see Rouse
(1977).

27.2.4.1 Certain strengths and weaknesses characterize the control theory
approach. These mbdels are nmore quantitative than other types of nodel
Because of the explicit nature of their assunptions, inputs and outputs
they have been nore thoroughly and carefully validated. Because human
limtations are specified at the processing level rather than directly at
the performance level, the nodels are typically general enough to predict
performance in other control situations. The nodels, however, neither
attenpt to deal with discrete operator inputs, with nonitoring or decision
meki ng, nor with procedural aspects of tasks which nust be perforned by the
operator, eg conmunications, checklists. Al of this makes it difficult to
use this type of mpbdel to describe total job performance

27.2.5 Search and detection nodels. These nodels are concerned with human
performance - prinarily visual but also auditory - at various search and
detection tasks; eg monitoring displays, inspection, target surveillance
For further information and references consult Sinclair and Drury (1979).

27.3 Application
27.3.1 Model devel opnent

27.3.1.1 Selection of nodel type. The first question with which the node
devel oper or user must concern hinself involves the type of nodel required
Model s may be controlled (driven) on the basis of tasks or events, or on the
basis of tine increnents; performance may be represented functionally or it
may be represented on the basis of psychological constructs

27.3.1.2 Selection of variables. The true test of a nodel is its ability
to assist in solving problens and not necessarily to describe the world in
all its details. Since there are usually nore variables than is feasible to
use, the variables to be included in the nodel nust be selected

27.3.1.3 Data requirenents. The ultimate success of a nodel depends on the
availability and validity of its input data. A nodel may be acceptable in
terms of its constructs (ie hypothetical entities such as 'short-term
nmenory') but may be unusabl e because the input required for inplenmenting

t hese constructs are not available or fail to reach sone necessary |evel of
accuracy.

27.3.1.4 Model outputs. The npdel output and its interpretation present
anot her consideration. Cbviously, the user should be provided with the
information he needs at the |level of detail he wants and in a formhe can
use.
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27.3.1.5 Validation. Mbdel validation is one of the |east understood and

| east acconplished aspects of nodel devel opnent. It has been renmarked that
the only possible evidence of validity for a sinulation nodel is that it has
made satisfactory predictions in the past

27.3.2 Modelling disadvant ages. Despite its obvious advantages,
mat henati cal nodelling can | ead the designer astray in a number of ways.
These pitfalls, listed in table F, vary fromthe obvious to the subtle and

hi dden, and should be carefully borne in mnd.
Table F

Pitfalls of Mathenmatical Modelling
(From Sinclair and Drury (1979))

1. Models can be a poor fit to the human operator

2. Model s can encourage inappropriate extrapol ation
3. Models can adversely affect job design

4, Model s can encourage oversinplified experinments
5. Custoners may object to 'theoretical nodels'

6. Mbddels may have their own internal problens

7. Modelling can be nore fun than working
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Section Five. Design Evaluation Techni ques

28 I ntroduction

In Section Five of this Part of the Defence Standard various design

eval uation techniques are presented. The techniques are not inclusive of
all those possible, and to some extent are an arbitrary selection of

eval uative nethods, eg checklists, objective nmeasurenent, evaluative nedia
(ie nmock-ups, nodels, simulators) and evaluative applications (ie workload
assessment).

Wth regard to subjective evaluation techniques, or methods, it is useful to
consider the full range of techniques available and to provide sone sort of
classification of them (see table G. The techniques in table G marked with
an asterisk are those included in this Part of the Defence Standard.

Table G

Taxonony of Subjective Evaluation Techni ques as a Function
of the Source and Type of Assessnent

TYPE OF ASSESSMENT
SOURCE OF
ASSESSMVENT
STRUCTURED UNSTRUCTURED

I ndi vi dual Checklists.* Narratives.
Partici pant Questionnaires. * Verbal Protocols.

Rating Scal es.* Revi ews.

Formal i zed

Psychol ogi cal

Procedures.

Peer Ratings.
I ndi vidual or G oup Diari es.
of Participant(s) Log Books.
Pair or Goups of Interviews. *
Participant(s)/Qhers Debri efings.

Di scussi ons.
I ndi vidual or Goup Cbservations. *
of Qthers Comment ari es.
I nformed Opi ni ons.

*See text
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29 Checklists

Desi gn eval uation by neans of a checklist is an unsatisfactory technique

because of its serious conceptua
Checklists should not be taken as a substitute for hunan

(1984b; 1985)).
factors expertise.

30 Mock-ups and Mbdel s
30.1 Mock-ups

30.1.1 Purpose.
conceptulization of the

the system design (ie by
of controls and displays
can assi st room | ayouts;
training aid. In fact,

the system (see table H)
usef ul

A nock-

, and their ease of operation and accessibility);

purpose of eliciting users

and technical deficiencies (see Meister

up serves a variety of purposes. By enhancing the
man- nachi ne interface it can aid the evaluation of
allowi ng the designer to evaluate the arrangenent
it
it can assist in design review, it can serve as a
nock- ups can be used throughout the life-cycle of

It should also be nentioned that nock-ups serve a
commrents; that is, to obtain coments

fromexisting systemusers on problens or advantages which they may foresee
or on any factors which appear to have been either mnimzed or

exagger at ed.

Table H
Mock-up Applications in the System Procurenent Cycle

From Mei ster

1985): As Modified from Buchaca (1979

SYSTEM PROCUREMENT PHASE

MOCK-UP APPLICATION

Feasibility

Definition

Full Development

Production and

In-Service

To develop and portray concepts of equipment configurations and

room layouts. To document concepts with photographs of the
mock-ups. To identify potential problem areas and additional
study requirements.

To aid in the preliminary design of equipment operating and
maintenance control panels. To aid in the identification of
design requirements for ease of maintenance of equipment, for
example, accessibility features, access covers, mounting
hardware, test point locations, etc. To develop preliminary
specifications for equipment operability and maintainability.
To aid in design reviews. To document developed design for
test and experimentation.

To aid in detailed design of equipment panels, packaglng and
mounting characteristics, room arrangement, cable and duct
routing, and accessibility features. Design review and
presentation vehicle. To aid in developing preliminary
installation, operating, and maintenance procedures.

installation
installation personnel
configuration control
familiarize operational
system. As a training aid.

To refine procedures and to familiarize
with procedures. As a tool for
(see Defence Standard 05-57). To

and maintenance personnel with the
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30.1.1 (Contd)

Mock-ups are so useful that all major system procurenent efforts, and many

m nor ones, should construct them The sinplest nock-ups nust be devel oped
as early as possible to have the greatest val ue.

30.1.2 Method. The construction of a nmock-up needs little explanation. It
can be fabricated of materials such as wood, plywod, cardboard, plastic

wi th adhesive tape, glue or screws; it can have fixed or renpvabl e equi pnent
panel faces and either be a plain representation with bare surfaces, have
paper drawi ngs and phot ographs attached or be fitted with actual controls
and displays to be in the equipnent.

30.2 Models. A model, which can be defined as reduced-scale
representation, is less useful than a nmock-up because it can deal with fewer
man- machi ne interface features. [t does, however, have sone uses and
Buchaca (1979) lists prelimnary room |layout and equiprment |ocation studies,
and aiding design reviews and presentations. Needless to say, nodels are
sinple, inexpensive, |ightweight and portable. Mbdels may also be used for
the purpose of sinulation, for exanple, in terrain nodel-boards for certain
types of sinulator, or as the 'picture-source' for image processing in a
conmput er simulation.

31 Sinulation and Sinulators

31.1 Purpose. The purpose of sinmulation is to enable operator performance
to be investigated, or operators trained, without having to use the rea
system (if it exists). As with mathematical nodelling (see clause 27)
simulation allows system paraneters to be manipul ated and studied quicker
and at far less of a cost than if using the operational system |n sone

ci rcunstances sinulation may be the only possible or practical neans of
investigating design problens.

31.2 Types of simulator. Two types of sinulator can broadly be
di sti ngui shed:

(a) Research sinulator.
(b) Training sinulator.

(a) Inits purely physical manifestation the research sinmulator can be

t hought of as equivalent to the functional nock-up, that is, a nmock-up (see
30.1) with controls, displays and electronics that function in a simlar
manner to the real system  Although a research sinulator could be used to
train an operator, its distinguishing characteristic is that it is used to
i nvestigate aspects of operator performance, eg tracking, as part of an
eval uation of the system design. The prime exanple of a research sinulator
is probably an aircraft cockpit simulator with which the design of new
controls and displays, eg nmultifunction display, head-up display, are

eval uated. Research sinulators may also be non-physical representations,
that is, existing in the form of conputer software
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31.2 (Contd)

(b) The training sinmulator, as its name inplies, is one that is enployed
specifically for the purpose of training. There are many different types of
training simulators such as, for exanple, weapon trainers (small arnms and
gunnery), operational control room and command and control sinmulators, and
flight sinulators. Typically the training simulator is an exact replica of
the real system but part-task trainers are also available which sinulate
one elenent of the task/system As with research sinmulators, the training
simulator can be synthetic. In fact, given the trend towards conputer
simulation there may eventually be no need for a three-dinensiona
representation of the task

31.3 Sinulator fidelity. Sinulator fidelity is the degree to which the
characteristics of the sinulator match, both objectively and subjectively,
those of the real system  Thus, objective fidelity is the degree to which
from an engi neering viewpoint, neasurenents show it to resenble physically,
dynami cal ly, and operationally its real-life counterpart. Subjective
fidelity is the degree to which, fromthe trainee' s viewpoint, the simulator

is perceived to look, feel, function and to be used as its real-life
counterpart. Fidelity is not a concept that nmay be discussed in isolation
but rather as a function of the total training context, ie the stage of

| earning of the trainees, individual differences (trainees' abilities) and
the type of task to be trained

31.4 Sinulator design. The design of a sinulator should follow the sane
basi c procedure as outlined for devel oping the overall system (see 6.1

and 16.2.1). Such a procedure has been propounded (AGARD (1980)) and

nodi fied for the purpose of this Part of the Defence Standard, consisting of
the follow ng steps:

(a) Analyze the training task, detail training requirenents, objectives and
evaluation criteria.

(b) ldentify the levels of skill, know edge and experience possessed by the
instructional staffs who will operate the simulator.

(c) Define nmethods and facilities to performthe training, specifically:

i define the physical and functional cues experienced by the operator,
eg pilot, while performng the task being trained, eg flying the aircraft;

ii define the functional cues needed to train
iii define the hardware and software needed to provide the training cues.
(d) Develop sinulator hardware and software

(e) Validate the simulator. This is a conplex nulti-step process involving
the follow ng:

i perform objective tests against the hardware and software specifications
(ie (b) above);

ii performtraining effectiveness tests;
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31.4 (Contd)

iii rework steps (a) through (e) until satisfactory transfer of training is
achieved or alternative nmethods and/or facilities are resorted to.

Additional information on the design of simulators can be found in Cream
Eggeneier and Kl ein (1978).

32 (bservation

32.1 Purpose. The purpose of observation is to obtain data, either
quantitative or qualitative (ie respectively neasuring or describing
performance), on operator/team performance. Direct observation is useful in
situations in which operators are free to vary their responses in nany ways
with few or no constraints inposed by an investigator. Cbservation is one
of the nmpbst common nethods of eval uating personnel and system perfornance
and it is used in one formor another in alnpbst every test and eval uation.

32.2 Method. The nmjor steps for conducting observation are, based on
Chapanis (1959), as follows:

(a) Decide what activity to observe, ie consider what categories of tasks

or activities to observe, and to what level of detail. To a large extent,
the answer to this question is determined by the purpose of the analysis and
what the investigator hopes to find out. It is inplicit that the

investigator is fully famliarized with the operator’s tasks.

The categories should cover all of the activities that the operator engages
in or else meaningful percentages cannot be calculated. The categories
shoul d be observabl e behaviour (ie should not include such things as
"thinking') and to be practicable, number no more than 25 different
activities. The inmportant thing is to have a clear-cut definition of each
activity so that the operator’'s behaviour can be classified with no
anbiguity. In short, to avoid ending up with an excessive ampunt of data it
is well worth the observer spending sone tine thinking about what it is he
wants to observe and why, before he starts the observations. For
information on behavioral taxonom es consult Fleishman and Quai ntance
(1984).

(b) Decide how each activity is to be observed. That is, the investigator
has to decide whether he wi shes to observe a live performance (ie observe
activity directly as it occurs) or a filmvideotape recording; the choice
wi |l depend on (a). It should be noted that if the latter is chosen the
caveat to decide exactly what to observe still applies.

(c) Decide on a sanpling strategy. That is, the investigator has to decide
upon a sanpling interval and a sanpling duration. The sanpling interval is
the tinme between successive observations, which should be no shorter than
about two seconds without the assistance of filmvideotape recordings. The
sanpling duration is the total duration over which observations will be
made.
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32.2 (Contd)

Wth regard to the number of observations, Chapanis (op. cit) recommends
that 1000 observations should be the m nimum nunmber collected so as to
ensure valid and reliable data. There is an interaction between the
sampling rate (reciprocal of sanpling interval) and the sanpling duration
That is, if the sanpling interval is five seconds then the sanpling rate is
12 per minute and the sampling duration should be 83 mnutes. The sanpling
procedure will, obviously, depend on the particular systemand the nature of
the tasks being observed.

(d) Select a representative sanple of personnel. People differ in the way
they carry out the same task, and if the observation data are to be usefu
the investigator should, where appropriate, study several operators.

Mor eover, he should assure hinself that the operators he has selected for
study are representative, or typical, of the operators who normally carry
out these tasks.

(e) Select a representative sanple of tasks and jobs. Although it is
readily recogni zed that there are |large individual differences between
operators in the way they do things, the problemof job sanpling is often
over|l ooked. Unless the observations made will be used only for naking
general statements about one particular system eg a particular aircraft,
the investigator should be sure to take measurements on a representative
sanple of equipment, jobs, or installations

(f) Prepare data sheet and record observations. An exanple of a data, or

|l og sheet is shown in figure 8. The data can then be analyzed to estimte
the percentage of the operator’s total tinme spent in various activities, the
average length of time spent in each activity and, if recorded, the sequence
in which the operator perforns various parts of his job

32.3 Critical Incident Techniques. The Critical Incident Techniques (CIT)
consi st of a set of procedures for collecting direct observations of human
behavi our and maki ng systematic analysis of the causes of good and poor
performance. The CIT, as described by Flanagan (1954), consists of five
main steps, they are

(a) Establish general aims of the activity. This should be a brief
statement which expresses in sinple ternms those objectives to which nost

peopl e woul d agree.

(b) Develop plans and specifications for data collections. Precise
instructions to the observers must be given. These instructions need to be
as specific as possible with respect to the standard used in eval uating and
classifying the behaviour observed. The studied group also need to be
speci fied.

(c) Collect the data. The incident may be reported in an interview or

witten up by the observer. In either case it is essential that reporting
is objective and includes all relevant details.
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32.3 (Contd)
Activity | g,uz_oz/ 7larvigator - Dc-4 8 « -
Operator ; 2. Hodg#ima Y IRecorderI & Hondets
Time: 0/30 Uroorei 9/7/f7l Sompling interval | 5 JSse.
Flight! Recrrmaissance pguadrore A/ Hr Y56~ F
i?emdrksioa"{,euﬁd, ?.a,-..:aw, (2haakssy 0055
J@Qal%bo’cé~4%?%6&m¢«ZD bs :{»czcaﬁ?oa4/
% of

Activity Tolly Sum ?orgx‘?‘d
Log work LI B I L Yo _|/477%
Interphone MY WY Y W I7 |\ /54%
Chart work XYW Ky X/ Jb6 /5%
Inoctive 5 %0 28 WL Y 28 |\ 77 %
Tronsition Xy W L 7 26 10-P %
Sextant work I o WL s 75 %
Eating UL 3 | 5F% |
E-€B computer X 4 I 5%
Map reading N4 9 I 7%
Astrocompass W 5 3.7
Auxiliary rodor V/ /4 ¥ .7 7
Radio /4 J .2 %
Altimeter V4 2 0-2%
Drift reading / / 0. ¥4
Other activity WL 1 4 3.7 %

Grand total 240 ! sov.7 Y
Fig 8
Sanpl e observation Data Sheet
(From Chapanis (1959))

(d) Analyze the data. The purpose of the data analysis is to summarize and
describe the data in an efficient manner for effective use in various
practical purposes.

The requirements of each activity as obtained

above need interpretation for proper use. Each of the four preceding steps
shoul d be examned to see what biases, if any, have been introduced by the
procedures adopted and reported clearly.

(e) Interpret and report.

The CIT is essentially a procedure for gathering inmportant facts concerning
behaviour in defined situations. It should be enphasized that the C T does
not consist of a single, rigid set of rules governing such data collection.
Rat her it should be thought of as a flexible set of principles which should
be nodified and adapted to nmeet the specific situation at hand.
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32.4 CQbserver variance. Wen several observers are used in gathering
subjective data it is essential that the (inevitable) variance and
unreliability in the data reporting between observers is mnimzed. There
are various techniques for overcoming this problem for exanple, prelimnary
training;, practice and rehearsal to identify and renpve anomalies between
i ndividuals; the independent assessment of the sane material by different
observers. |If these steps fail to produce satisfactory agreenment then,
ultimately, limtations on the data have to be accepted. The designer
shoul d note that in certain cases it is better to discard the data
altogether if, because of observer differences, it proves inpossible to
achieve reasonable reliability.

33 Interviews and Questionnaires

33.1 Ceneral. Interviews and questionnaires are both simlar and rel ated
nmeasur enent techni ques for gathering information froma person or persons.
Because their contents change fromone situation to another, both the
interview and questionnaire are general nethods rather than fixed
procedures. The generally formess and verbal nature of the interview makes
it particularly awkward to describe. It is, nevertheless, possible to
specify guidelines for conducting interviews and for devel oping and

adm ni stering questionnaires (see 33.2 and 33.3). Since self-

reporting techniques are the only way of tapping nental processes, the
techniques are indispensable. Rating scales, which are used for both
interviews and questionnaires and are the nost frequently enpl oyed

subj ective measurenent tool, are treated separately (see 33.4).

33.2 Interviews

33.2.1 Degree of structure. Interviews can be structured (ie standardized
or fornalized) to varying degrees. In a structured interview the
interviewer asks a predetermined list of questions in a set order. In fact
a highly structured interview, as mght be used for a survey, is little
different from a questionnaire except that it is oral. The advantages of a
structured interview are that all the topics of interest are covered and
digression is mnimzed. |In addition, the interviewer requires only
moderate skill and proficiency. The disadvantage is that inportant
informati on may be m ssed because the subject is not given an adequate
opportunity to speak. In a sem-structured interview the interviewer
follows a predetermined list of questions but allows hinmself the opportunity
to quiz the subject nmore closely if his responses are inadequate, and al so
pursue ot her problem areas which may arise during the interview Mre skil
by the interviewer is therefore required. The subject is also allowed to
expand on topics of personal interest. According to Mister (1985), the
sem -structured investigation interview is alnost always preferable to a
questionnaire when the test group is small (ie 10-20) and when time and test
conditions permt. In the unstructured or 'non-directive' interviewthe
freedompermtted to the interviewer is both the major advantage and the

di sadvantage of interviews of this type. As a neasurenent device such an

i nterview procedure is inadequate, because its flexibility results in lack
of conparability of one interview with another. According to Kidder (1981)
this type of interview achieves its purpose to the extent that the
interviewer’'s responses are spontaneous rather than forced, are highly
specific and concrete rather than diffuse and general, and self-revealing
and personal rather than superficial
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33.2.2 Inplenentation. Interviews should be conducted in a fairly quiet
place free from any interruptions or distractions. Wen the perfornance
being evaluated is that of a team the interview should be conducted with
the teamas a group. The npbst convenient way of conducting an interview is
to tape record it, but if it is a short one, or the interviewer is highly
skilled, it may suffice to take notes. The duration of the interview wll
depend on how nuch the subject(s) can tell the interviewer. Twenty minutes
is estimated as a good average length; whereas beyond 30 minutes the subject
tends to beconme tired. Interviews play an inportant role in problem and
acci dent investigation (see 18.3).

33.3 Questionnaires

33.3.1 Questionnaire devel opnent

33.3.1.1 Purpose of questionnaire. The first step in developing a
questionnaire is to determne what kinds of information are desired
eg general views and opinions, anecdotal and critical incident informtion,

or quantitative data. It is inplicit that the investigator responsible for
devel oping the questionnaire is faniliar with the system or the operations
to be queried. If not, it may be necessary to interview operationa

personnel so as to assist in determining the content of the questionnaire.

33.3.1.2 Types of questions. Questionnaire items are of two basic types
"open-ended' questions (subjects conpose their own answers) and 'closed'
questions (subjects choose an answer from a given set). The former type of
question, an exanple of which nmight be 'Describe any problens you have
experienced in operating this control console', allow the subject to
express hinself and may provide unexpected, new information. However,
open-ended questions are frequently an inefficient neans of obtaining
information, the results are nmore difficult to analyze and, in general, are
best avoided, see Meister (1985). Closed questions are typically

mul tiple-choice and rating scales (see 33.4). Miltiple-choice

questions, as the name inplies, asks the subject to choose his answer from
several options, usually by ticking or circling the appropriate item If it
is known or suspected that subjects do not have the background or experience
necessary to answer a question, a 'don't know response alternative should
be included. Miltiple-choice questions are also known as 'forced-choice'
since the subject is expected to choose one, or sonetimes nore than one, of
the response alternatives. If, however, a multiple-choice question includes
a 'don't know option, the conpulsion to respond is alnost totally renoved

33.3.1.3 Wrding of questions. The wording of questions in the
questionnaire is very inportant to ensure valid and reliable responses. The
questions and response alternatives should be worded clearly and

unanbi guousl y. It should not be necessary for the person answering the
questionnaire to infer anything essential. Al of the questionnaire itens
shoul d be expressed as neutrally as possible and should be grammatically and
factually correct. It has to be stressed that if there are two issues, two
questions should be asked. That is, each question should al ways address a
single issue and questions should never be comnbined
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33.3.2 Questionnaire administration. Questionnaire pretesting, or
"piloting', is essential if faults are to be discovered and remedied. It is
here that the |ast chance occurs in discovering the fallacies and unnoticed
assunptions in one’s thinking. Pretest subjects who appear to be
representative of eventual respondents should be tested one at a tine.

During pretesting the subjects should be encouraged to nmake margi nal notes
on the questionnaire regarding sentence structure, unclear questions, or
statenents, etc. Open-ended questions nay, and often should, be included in
early pretest versions of a questionnaire in order to identify requirenents
for additional questions. After pretesting, each question should be

reviewed and its inclusion in the questionnaire justified. If a high
proportion of respondents give a 'don't know response, it should alert the
devel oper that he has problens with his questionnaire. In addition,

questions that do not add significant information or that largely duplicate
other questions can profitably be elimnated. The tine required to
admi ni ster the final questionnaire can be determined by pretesting. For
further information on questionnaires consult Mister (1985) and Sinclair

(1975).

33.4 Psychonetric scaling

33.4.1 Purpose. The purpose of scaling is to allow nunbers to substitute
for the objects or events in question. Having done so, it is possible to
derive additional relationships by performng mathemati cal operations on

t hose nunbers.

Rating scales, in particular, are enployed for a variety of purposes, as
described by Meister (1985).

(a) To evaluate how well soneone is perfornming a job (appraisal) or to
determ ne someone’s suitability to performthat job (selection).

(b) To measure some quality of performance, eg coordination of team
menbers, or an attitude/trait of the operator

(c) To quantify the adequacy of some feature of a system eg its displays
or job procedures.

(d) To evaluate the effect of some condition, eg visibility, on
performance, eg target detection.

33.4.2 Application

33.4.2.1 Ceneral. There are several different scaling nethods, such as
scaling by paired conparisons, ranking, sorting, and scaling by rating. The
use of rating scales is by far the nost frequently enpl oyed subjective
measurenent tool. This Part of the Defence Standard considers only a small
aspect of this conplex topic. Mny varieties of rating scale have been
devel oped but essentially they take one of two forms, nanely, the anal ogue
rating scale and the category rating scale, see Gohorne (1976). The use of
the former is not recommended. Alnpst anything can be rated. Al one needs
is paper and pencil and the subject hinself is the neans of neasurenent (see
al so clause 35).
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33.4.2.2 Category rating scale. This type of rating scale consists of a
straight line with, usually, five, seven or nine equal divisions along which
a series of adjectives (with or without a number) which describe the
stinulus attribute are positioned. An exanple of a category rating scale
for measuring thermal sensation is shown in figure 9. This type of scale,
known popularly as the Likert-type scale, is the one nost practitioners are

famliar with. It should be noted that the ordinal character of the rating
scale inplies that the intervals represent equal orders of nagnitude of sone
stimulus quantity (ie the difference between 'cool' and 'slightly cool' is

the sanme as the difference between "warm and '"hot'). This is not
necessarily true unless it has been experinentally and statistically
verified. Valid and reliable scales require careful devel opment.

—— VERY HOT

—  HOT

—  VARM

——  SLIGHTLY WARM

— NEUTRAL

— SLIGHTLY COQL

— COOL

—— COLD

—— VERY COLD

Fig 9
Thermal Sensation Rating Scale
(After ASHRAE (1985))
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34 vjective Masurenment

34.1 Purpose. The purpose of objective measurenment is to obtain
quantitative data on operator/crew performance but w thout the extrene
subjectivity of observation and judgenent (see clauses 29, 32 and

33) as this leads to questions of validity and reliability. Objective
measurenents are somewhat |imted because they neasure only relatively
sinple (although fundanmental ) dimensions and they often provide nuch |ess
information than subjective measures. \Wat nakes a neasurenment objective is
t he absence of the investigator's interpretation required in recording the
datum Wth conputer-based systens data can be recorded automatically thus
ensuring objectivity.

34.2 Types of objective nmeasures

34.2.1 General. In a systemof any reasonable size the nunmber of
perfornmance outputs that could be neasured is imense (see table L).
However, when considered in terns of their simlarity they reduce to a few

generic measures (ie tinme, frequency, accuracy and quantity).

34.2.2 Tine. Reaction time is the time between the occurrence of an event
requiring action on the part of the operator or team and the start of

that action, eg pressing a button in response to a warning light. If the
operator’'s reaction tinme is very short, there may be difficulty
acconplishing the task. If reaction tine is delayed, system performance may

be affected. Unless there is a systemor job requirement requiring the
operator to make a quick reaction, time wll nean very little. Therefore
before selecting this neasure the investigator should check that the
information is necessary. Tine taken (ie the duration of the initiating
stimulus to the tinme the task is acconplished) is an extrenely common
measurenent, eg Into-Action deployment time. Normally, it does not have to
be very precise unless there is a systemrequirement which necessitates it.

34. 2.3 Frequency. Frequency is sinply the tabulation of either personne
actions or events/outputs occurring as a result of personnel actions as a
function of time. For exanple, the adequacy of a control panel recording

| ayout can be evaluated by recording the frequency that certain controls are
operated. A special case of frequency is what nay be terned |ogistics
measures - anount achieved or consumed (see table J). Exanples of logistics
measures can be seen in military aircraft situations where the frequency
measurenent is the nunber of sorties flown or bonmb tonnage dropped.  Such
nmeasures are not only concerned directly with personnel perfornmance but al so
with events related to and refl ecting personnel perfornance.
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Table J

Classification O Ceneric Objective Performnce Measures

(From Mei ster

(1985))

Ti me
1. Reaction tinme, i.e. tine to
a. perceive event;
b. initiate novenment;
c. initiate correction;
dinitiate activity follow ng
conpletion of prior activity;
e. detect trend of nultiple related
events.
2. Time to conplete an activity already
in process, i.e. time to
a. identify stimulus (discrinination
time);
b. conplete message, decision
control adjustnment;
c. reach criterion value.
3. Overall (duration) tine
a. time spent in activity
b. per cent time on target.
4. Tinme sharing anong events
Accur acy
1. Correctness of observation.
i.e. accuracy in
a. identifylng stimli internal to
System
b. identiying stimuli external to
system
c. estimating distance, direction
speed, ting;
d. detection of stinulus change over
tine;
e. detection of trend based on
multiple related events;
f.  recognition: signal in noise;
g. recognition: out-of-tolerance
condi tion.
2. Response-output correctness,
i.e. accuracy in
a. control positioning or tool usage;
b. reading displays;
c. synbol usage, declslon naking
and conputi ng;
d. response selection anong
al ternatives;
e. serial response;
f.  tracking;
g. communicating.
3. Error characteristics.
a. anplitude nmeasures;
b. frequency neasures;
c. content analysls;
d. change over tinme.

Frequency of Occurrence

1. Nunber of responses per unit, activity,
or interval.
a. control and nanipulation responses;
b. communi cations
c. personnel interactions;
d. diagnostic checks.
2. Number of performance consequences per
activity, unit, or interval.
a. number of errors;
b. nunber of out-of-tolerance
condi tions.
3. Nunber of observing or data gathering
responses.
a. observations;
b. verbal or witten reports;
c. requests for information.

Anmpunt Achi eved or Acconpli shed

1. Response nmgnitude or quantity achieved.
a. degree of success;
b. percentage of activities acconplished;
c. measures of achieved reliability
(nurerical reliability estimates);
d. nmeasures of achieved maintainablllty;
e. equiprment failure rate (nean tine
between failure);
f.  cunulative response output;
g. proficiency test scores (witten).
2. Magnitude achieved.

a. termnal or steady-state value
eg tenperature high point;
b. changing value or rate
eg degrees change per hour.
Consunption or Quantity Used
1. Resources consuned per activity.
a. fuel/energy conservation;
b. units consumed In activity
acconpl i shnent .
2.  Resources consunsed by tine.
a. rate of consunption.

Physi ol ogi cal and Behavloural State

1. Operator/crew condition

a. physiol ogical;
b. behavi oural .
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34.2.4 Error. Error, as distinct from inaccuracy, is probably the nost
conmon and perhaps the mpbst useful neasure of personnel performnce. In the
operational environment error data are inportant primarily for diagnosis of
a problem An excess of errors may indicate a design, procedural, training
or workload problem In the design environment the error is primarily
useful as indicating a potential problemwhich may need renedying (see
24.3) . Errors are not, of course, all equivalent. Sonme errors have
potentially significant or catastrophic effects on the acconplishnent of a
task or function, others do not. For exanple, an error in performng a
continuous task such as tracking may be nuch nore significant for
performance than one in a discrete task |like operating a switch, where the
error is nore visible and can nore readily be reversed. Error data are
usual 'y neaningful only as a whole except in the case of specific
catastrophic errors, only in terns of how the systemis affected by error)
or in relationship to the nunber of opportunities to nake the errors.

34.3 Application. bjective nmeasurenent is especially suited to the
nmeasurenent of task and job performance as opposed to non-task behavi ours,
attitudes and traits. The task/job performances must be overt since
cognitive and nost perceptual activities are not accessible for observation
or instrumentation. In many cases the only objective, observable measures
in performance are time and errors. The neasurenent of reaction time and
duration is straightforward and requires no explanation. Frequency is easy
to secure, provided one can arrange personnel actions on sone sort of
chronol ogi cal basis. Before counting frequencies, some relevant taxonony of
categories of behaviour needs to be devel oped, see Flei shman and Quai ntance
(1984).

35 Wrkl oad Assessnent

35.1 Purpose. The purpose of neasuring workload is, primarily, to
determ ne the operator is neither being overloaded nor underl oaded,
both states which nmight affect his performance adversely. The purpose of
nmeasuring workload is also, as far as possible, to validate workl oad
predictions. Workload can be viewed in several ways. Firstly, one can view
wor kl oad as some feature of the systemthat 'l|oads' the operator and either
forces himto work harder or remain too inactive; secondly, as the
operator’'s feelings of difficulty and disconfort ('stress') and having
either to work harder or cope with boredom thirdly, as the effect of the
latter two that affect the operator’s performance and possibly system
performance as well

35.2 Met hod
35.2.1 CGeneral. The different nethods of workload neasurement are
categorized as physiol ogi cal, objective and subjective. For further

infornmation consult Werwille and WIlliges (1979) and Mray (1984), or
contact a human factors specialist.
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Section Six. Experinentation

36 Experinents

For information consult Kirk (1968) and Keppel and Saufley (1980). The

desi gner should note that if he is in any doubt as to how to design and
conduct an experinent he must consult a human factors or experinental

psychol ogy practitioner.
37 Statistics

37.1 Purpose. The purpose of statistics is twofold. Firstly, it is to
present information in a conveni ent usable and understandable form
(descriptive statistics); secondly, it is to generalize this information and
draw inferences about the numerical properties of 'populations' (inferential
or inductive statistics). Basic to all experinentation (see clause 36)

is a working know edge of statistics.

37.2 Method. Statistical nmethods are as follows:

(a) Descriptive statistics. The methods enployed are frequency

distributions, graphing techniques, percentiles, neasures of central
t endency (nean, nedian, node, etc), neasures of dispersion (range, standard

deviation, etc) and correlation techniques.

(b) Inferential statistics. These are of two basic types: paranmetric and
non- paranetri c. Paranmetric tests of significance involve assunptions about
the nature of the distributions of the variables in the popul ations from
whi ch the sanples are drawn (the t-test and anal ysis of variance, for

exanpl e, assume normally distributed data). Non-paranetric statistics, in
contrast, make few assunptions about the popul ation distribution, and hence
are known alternatively as 'distribution-free' tests. Mny non-parametric
tests, eg Mann-\Witney Utest, are based on a sinple ranking of the data.

Wth regard to choosing a statistical test, when | arge popul ations are
enpl oyed the paranetric tests are al nost al ways appropriate because of the
"central-limt theorem. For small sanples a non-paranetric test may well
be as powerful as its paranetric counterpart and indeed if there is doubt

concerning the population’s distribution, nore appropriate. Whatever test
is chosen it should be specified in advance of the collection of the data.

For further information, consult Ferguson (1981) and Siegel (1956).
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ANNEX A

Definitions

Definitions of terns appropriate to (Def Stan 00-25 Part 12) Human Factors
for Designers of Equipnment: Systems are shown bel ow.

A.1 For the purpose of this Part of the Defence Standard the follow ng
definitions apply:

Al.1 Design team A multi-disciplinary group of individuals concerned
with, and responsible for, all aspects of the design of the systemincluding
human factors.

A 1.2 Designer. A nenber of the design team

A.1.3 Duty. A set of operationally related tasks within a given job.
These may involve operating, maintaining, supervising and training, etc.
Duties mght be divided into '"primary' and 'secondary' duties.

A 1.4 Front-end analysis. Collective term for those analyses conducted at
the earliest stages of system design and concerned with a systenis
personnel, training and |ogistics requirenents.

A 1.5 Job. A grouping of duties and responsibilities constituting the
principal work assignment of one person. In the broadest sense, one's job
is the totality of one’s role in an organization or system including one's
career path.

A. 1.6 Man-nmachine interface. The controls and displays which an operator
uses to control, nonitor, or otherwise interact with, the system

A 1.7 Methodology. An integrated and coherent set of nethods (notations
and techni ques) and rules applicable to the overall design goal, eg human
factors nethodol ogy.

A 1.8 System A purposeful organization of equi pment (hardware and
software), personnel and procedures all of which interact and thus influence
each other to produce some specified result or goal.

A 1.9 Systems analysis. A generic term for the various human factor
techni ques applied before or during the system planning stage, eg systens
requirenents analysis, function analysis, etc.

A 1.10 Systens engineer. A nenber of the design teamresponsible for
interpreting and translating system requirenents into system performance,
design, and production specifications, and ensuring that all aspects of the
system are integrated properly.

A.1.11 Task. A set of related functions performed by one or nore
individuals and directed towards acconplishing a specific functional
objective and, ultimately, to the output goal of a system

A 1.12 System requirenments anal ysis. An analysis of what is required of
the system  System objectives are those characteristics which the system

(both personnel and equi pnent) nust exhibit so as to satisfy the purposes of
the system
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ANNEX A (Concl uded)

A.1.13 Function analysis. An analysis of system functions. Functions
describe relatively broad activities which may be inplenented by personne
al one (depl oy equipnent), by equi prent al one (self-test/equipment
circuitry), or, as in nost cases, by some conbination of both (pre-flight
checks). Functions can be instantaneous (fire missile) or prolonged
(monitor radar), sinple (start engines) or conplex (assess tactica
situation). At a certain level of detail, functions become

i ndi stinguishable fromtasks; there are no clear-cut rules for making the
di stinction.

A 1.14 Allocation of functions. The process of deciding how system
functions shall be inplenented - by human, by equi prent (autonation) or by
both - and assigning them accordingly. It is the nost basic of system
design decisions since it establishes the framework w thin which the design
of the system (equi pnent, workspace, training, etc) is devel oped.

A.1.15 Task synthesis. The process of creating or putting together -
hence 'synthesis' - the tasks (see A 1.11) of which a system function
consi st s.

A 1.16 Task description. A listing of tasks, usually in tabular form
arising fromthe results of a system description/analysis. It should not be
confused with task analysis (see A 1.17).

A 1.17 Task analysis. A process for analyzing the behavioral inplications
of operator tasks and identifying any resulting constraints and requiremnents
on the system configuration. It should not be confused with Task

Descri ption.

A.1.18 Equipnent (hardware) design. The application of human factors
"engi neering' principles (ie the other Parts of this Defence Standard) to
the design of system equipnent.

A 1.19 Equipnent (software) design. The application of human factors to
the design of the information displayed by, and the style of interaction
with, computer-based systems. In other words, it refers to the design of
the 'human-conmputer interface' as it relates to conputer software (but
excluding programre coding).

A 1.20 Link analysis. Link analysis is a diagrammatic technique for
representing the physical interactions between operator(s) and equi prent,
operator-to-operator, and between equipnents.

A 1.21 Mock-ups. A nmock-up is a three-dinmensional, full-scale replica of
the physical characteristics of a systemor subsystem (of nodel). A nock-up
can be devel oped only after equi pment draw ngs are produced, although these
drawi ngs may be only prelimnary ones

A 1.22 Psychonetric scaling. Psychonmetric scaling is the process of
assigning nunmbers to objects, events or properties in such a way that the
nunbers represent relationships among scal ed entities.
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ANNEX B

Rel at ed Docunents

The docunents referred to in this Part of the Standard, together with
addi tional publications providing greater coverage on special aspects of the
subject are listed bel ow

B.1 The followi ng documents and publications are referred to in this Part
of the Standard.

Def Stan 00-25 Part 1 - Introduction
Part 2 - Body Size
Part 3 - Body Strength and Stami na
Part 4 - Design of Wrkspace
Part 5 - The Physical Environment: Stresses and Hazards
Part 7 - Visual Displays
Part 8 - Auditory Information
Part 10 - Controls
Part 11 - Designs for Miintainability

Def Stan 05-57 Configuration Management of Defence Materiel. Policy &
Procedures

MOD/ DTI Human Factors Quidelines for the Design of Conputer Based
Systens
JSP 182 Specifications for Technical Publications for the Services -

Presentation and Layout; MD.

AGARD, Fidelity of simulation for pilot training; Advisory Goup for
Aerospace Research and Devel opnent, Advisory Report No. 159, Decenber 1980.

ASHRAE, ASHRAE handbook 1985 fundamentals; Anerican Society of Heating,
Refrigerating and Air-Conditioning Engineers Inc., 1985.

Barfield, W and Salvendy, G, Conputer aided design: human factors
consi derations; Proceedings of the Human Factors Society 28th Annual
Meeting, 1984, 654-658.

Broadbent, D.E., Perception and conmunication; Perganon, 1958.

Buchaca, N.J., Mdels and nock-ups as design aids; Naval Ccean Systens
Center, Technical Docunent 266, 1st July 1979, (AD A076208).

Chapanis, A, Research techniques in human engineering;
The Johns Hopkins Press, 1959,

Controlled Requirenents Expression (CORE) The Method.
Publ i shed by System Designers Scientific Ltd, Issue 1.0, 1985.

Cream B.W, Eggeneier, F.T. and Klein, GA, A strategy for the devel oprent
of training devices; Human Factors, 1978, 20 , 2, 145-158.

Ditzian, J.L., Purifoy, GR, Sullivan, G K and Bogner, MS., Enbedded
training: |essons from system devel opment prograns; Proceedings of the Human
Factors Society, 30th Annual Meeting, 1986, 1014-1018.

Dool ey, M, Arithropometric nodelling programs - a survey;, |EEE Conputer

G aphics and Applications, Novenmber 1982, 17-25.
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Drury, C. G, Task analysis methods in industry; Applied Ergonom cs, 1983,
14, (1), 19-28.

Ferguson, G A., Statistical analysis in psychology & education; MGawHill,
1981.

Fl anagan, J.C., The critical incident technique; Psychol ogical Bulletin,
1954, 51 , 4, 327-358.

Fl ei shman, E. A. and Quai ntance, M K., Taxonom es of human performance: the
description of human tasks; Academic Press, Inc., 1984,

Foley, J.D., Willace, V.L. and Chan, P., The human factors of conputer
graphics interaction techniques; |EEE Conputer Gaphics and Applications,
Novenber 1984, 13-48.

CGeer, C.W, Hunman engineering procedures guide; Wight-Patterson Air Force
Base, Report No. AFAMRL-TR-81-35, Septenber 1981, (AD Al108643).

CGoldstein, I.L., Training: program devel opment and eval uation; Brooks/Cole
Publ i shing Co., 1974.

Hartley, J., Designing Instructional Text. Rogan Page, 1978.

Keppel, G and Saufley, WH , Introduction to design and analysis;, WH
Freeman and Co., 1980.

Ki dder, L.H., Research nmethods in social relations; Holt, Rinehart and
W nston, 1981.

Kirk, RE., Experinental design: procedures for the behavioral sciences;
Brooks/ Col e, 1968.

McCormck, E. J., Job analysis: methods and applications; AMACOM 1979.
Meister, D., Human factors: theory and practice; John Wley & Sons, 1971.

Meister, D., The role of human factors in system devel opnent; Applied
Ergonom cs, 1982, 13 , 2, 119-124.

Meister, D., Human reliability;, in, F. A Mickler (Ed), Human Factors Review,
1984, The Human Factors Society, 1984(a).

Meister, D., A catal ogue of ergonom c design methods; Proceedings of the
1984 Int. Conf. on Cccupational Ergonomcs, Volume 2: Reviews, 1984, 17-25,

(b).

Meister, D., Behavioral analysis & neasurenent nethods; John Wley & Sons,
1985.

Modrick, J. A, Team performance and training; in, J. Zeidner (Ed), Human

Productivity Enhancement. Training and Human Factors in System Design:
Vol ume 1, Praeger, 1986, 130-166.
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Moray, N., Mental workload; Proceedings of the 1984 Int. Conf. on
Qccupational Ergonomics, Volune 2: Reviews, 1984, 41-46.

(borne, D.J., Exanples of the use of rating scales in ergonomcs research;
Applied Ergonomcs, 1976, 7 , 4, 201-204.

O lansky, J., The productivity of training, in J. Zeidner (Ed), Human
Productivity Enhancement. Training and Human Factors in System Design:
Volume 1, Praeger, 1986, 9-55.

Pew, RW and Baron, S. , Perspectives on human performance nodelling;
Automatica, 1983, 19 , 6, 663-676.

Price, HE., The allocation of functions in systens; Human Factors, 1985,
27 , 1, 33-45.

Rolfe, J.M and Care. , P.W, Determning the training effectiveness of
flight sinulators: sone basic issues and practical devel opnents; Applied
Ergonom cs, 1982, 13 , 4, 243-250.

Rothwel |, P.L., Use of man-nodelling CAD systens by the ergonom st; in,
P. Johnson and S. Cook (Eds), People and Conputers: Designing the Interface,
Canbridge University Press, 1985, 199-208.

Rouse, WB. (Ed), Applications of control theory in human factors; Human
Factors (special issue), 1977, 19 , 4 & 5, 313-494.

Rouse, WB., Mdels of human probl em sol ving: detection, diagnosis, and
conpensation for system failures; Automatica, 1983, 19 , 6, 613-625.

Seifert, D..J., SAINT: A conbined simulation |anguage for nodelling
man- machi ne systens; in, Mdels of Human Qperators in Vision Dependent
Tasks, NASA Conference Publication 2103, 1979, 49-60.

Siegel, Al. and WIf, J.J., Mn-machine sinmulation nodels: psychosocial and
performance interaction; John Wley & Sons, 1969.

Siegel, Al. and WIf, J.J., A survey of Applied Psychosocial Services'
model s of the human operator; in, Mddels of Human Cperators in Vision
Dependent Tasks, NASA Conference Publication 2103, 1979, 1-18.

Siegel, S., Non-paranetric statistics for the behavioral sciences;
MGawH |1, 1956.

Sinclair, MA , Questionnaire design; Applied Ergononics, 1975, 6, 2,
73-80.

Sinclair, MA and Drury, CG, On mathematical nodelling in ergonomcs:
Applied Ergonomics, 1979, 10 , 4, 225-234.

Singleton, WT., Techniques for determning the causes of human error;
Applied Ergonomcs, 1972, 3, 3, 126-131.
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Singleton, WT., Theoretical approaches to human error; Ergonomcs, 1973,
16 , 6, 727-737.

Singleton, WT., Mn-nachine systens; Penguin Books Ltd., 1974.
Smth, RF., Boredom a review Human Factors, 1981, 23 , 329-340.

Smth, S.L. and Msier, J.N, Design guidelines for user-systeminterface
software; Mtre Corporation, Report No. MIR-9420, Septenber 1984
(AD- A154 907).

Swain, A D., An error-cause renmoval programfor industry; Human Factors,
1973, 15, 3, 207-221.

Wlliges, B.H and WIlliges, R C., Dialogue design considerations for
interactive conputer systens; in, F.A Mickler (Ed), Human Factors Review

1984, The Human Factors Society, 1984, 167-208.

Wlliges, RC and Werwille, WW, Behavioral neasures of aircrew nental
wor kl oad; Human Factors, 1979, 21 , 5, 549-574.

B.1.1 Reference in this Part of the Standard to any rel ated docunent means
inany invitation to tender or contract the edition and all amendnents
current at the date of such tender or contract unless a specific edition is
i ndi cat ed.
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We agree that this INTERIM Standard (subject to amendnments to take account

our conments) when published in final formw Il cover our requirenents.

Shoul d you find our comments at variance with

the mpjority, we shall be glad

of the opportunity to enlarge upon thembefore final publication.

Signature . . . . . . . ..o Rept esenting .

of

Submitted by (print or type name and address):

Tel ephone nunber:

Dat e:

Qur Ref:
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