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HUMAN FACTORS FOR DESI GNERS OF EQUI PMENT

PART 13: HUMAN COVPUTER | NTERACTI ON

PREFACE

i This Part of the Defence Standard is concerned with the Human Factors
aspects associated with the analysis, design and devel opment of hunan-
conputer interfaces, and the associated human-conputer interaction.

ii  This Part of the Defence Standard is published under the authority of
the Human Factors Subcommittee of the Defence Engineering and Equi pnent
St andar di zati on Conmittee (DEESC).

iii  This Standard has been agreed by the authorities concerned with its
use and is intended to be used whenever relevant in all future designs,
contracts, orders etc and whenever practicable by amendment to those
already in existence. If any difficulty arises which prevents application
of the Defence Standard, the Directorate of Standardization shall be
informed so that a renmedy nmay be sought.

iv Any enquiries regarding this Standard in relation to an invitation to
tender or a contract in which it is incorporated are to be addressed to the
responsi bl e technical or supervising authority nanmed in the invitation to
tender or contract.

v This Standard has been devised for the use of the Crown and its
contractors in the execution of contracts for the Crown. The Crown hereby
excludes all liability (other than liability for death or personal injury)
what soever and howsoever arising (including, but wthout limtation,
negligence on the Part of the Crown its servants or agents) for any |oss or
damage however caused where the Standard is used for any other purpose.

vi This Part of the Defence Standard is being issued as an |INTERI M

St andar d. It shall be applied to obtain information and experience of its
application. This will then permt the subm ssion of observations and
coments from users, using D Stan Form 42 encl osed.

A review of this INTERI M Standard should be carried out within 12 nont hs of
publ i cati on. Based on the coments received the author and/or conmmittee
responsi ble for the preparation of the Defence Standard shall judge whet her
the I NTERI M Standard can be converted to a nornmal Standard or deci de on
what ot her action should be taken.
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HUMAN FACTORS FOR DESI GNERS OF EQUI PMENT
PART 13: HUVAN COMPUTER | NTERACTI ON

0 Lntroduction

This Part identifies a mninmmset of activities which are considered to be
mandatory in the devel opnment of any defence equiprment in which HCl is a
significant factor. This Part also provides general guidance on the

princi pal technical issues involved in HCl devel opnent.

The document is split into five major sections with two annexes. The
sections are:

Section 1 Introduction

Section 2 ldentifies a mninum set of mandatory activities and describes
HCl activities normally expected to form part of an HC
devel opnent process

Section 3 Defines the requirenents relating to the design of the interface
Section 4 Defines the requirenents relating to interactive devices

Section 5 Details the requirements for quality and conpliance

Annex A Definition of Terns

Annex B Ref er ences

The objective of setting out procedures and requirenents in this Part is to
ensure through a structured approach, the successful analysis, design and
devel opnent of the HCl aspects of a system These activities will provide
a nmeans of arriving at a reasonable and acceptabl e bal ance between the
reduction of the risk and the cost of the work required.

This Part describes the systematic application of risk assessment to Human
Factor issues involved in the analysis, design and devel opnent of human
conputer interfaces. The formal identification of HCI COperability Risks is
central to this process and is the principal neans for establishing the
extent of HCl specific work required in a system devel opnent, it also
identifies HCl issues influencing the effective use of a system and
sunmarizes the work required to provide confidence that these issues are
adequately addressed in a system devel opnent.

This Part al so di scusses HCI factors which can influence task performance
and overall system effectiveness. It provides quantitative technical data
where avail able and identifies considerations which should be addressed
during a devel opnent and is principally concerned with providing techni cal
gui dance on design issues rather than on the process of HCl devel opnent.
However, a mininmum set of activities normally required to devel op effective
HCls are descri bed. A mandatory requirement for the Design Authority to
conduct an HClI Operability Ri sk Assessnent for each phase of a project is
al so described and can be applied to the procurement of comercial -off-the-
shel f (COTS) equipnent. Where COTS are intended to be used for principally
of fi ce-based tasks, equipnent should conply with BS 7179, or |SO 9241.
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Where an equi prent procurenent programre relates specifically to conbat
system equi pment for naval systens, conpliance with BR 8710 (Chapter 14) is
also required, unless otherw se specified in contractual docunents. The
gui dance given within this docunment is intended to be independent from any
specific devel opment nethod and from any hardware or software environnment.
The content is intended to be sufficiently general to allow projects and
design authorities to apply the Standard wi thout prejudice to particular
design sol utions.

1 Scope

This Part of the Defence Standard specifies requirenments for the Human
Conputer Interaction (HCl) aspects of system devel opnent.

Operational and non operational use information contained herein refers to
any conput er-based equi pnent procured by the MOD which is intended for
operational use. For the purpose of this Part of the Standard, ' Conputer-
based equipnent' is defined as conputer technol ogy which provides an
interface between human users and rel ated equi pment or data. Such

equi pnment may provide the user with access to information about the status
of equi pment, the environment, or other operational data. It also applies
to equi pnent providing users with facilities to nonitor or dynamically
interact with equi pnent or data.

2 WARNI NG

Thi s Defence Standard enbodi es procedures, techniques, practices and tools
whi ch when followed or used correctly will reduce, but not necessarily
elimnate the probability that the use of equi pnent may be injurious to
health if adequate precautions are not taken. It refers only to technical
suitability and in no way absolves either the designer, the producer, the
supplier or the user fromstatutory and all other |egal obligations
relating to health and safety at any stage of the manufacture or use

Particular attention is drawn to the follow ng hazard(s), although the I|ist
is not necessarily exhaustive and the inclusion of such a |list does not
absol ve the supplier or user fromthe obligations referred to in this
war ni ng

(a) Upper linb pains and disconfort.

(b) Eye and eyesight effects.

(c) Fatigue and stress

(d) Epilepsy.

(e) Facial dermatitis.

(f) FElectro nagnetic radiation.

(g) Inplications of user error.

2.1 Health and Safety. The details contained within this Standard do not
repl ace or take precedence over the "Health and Safety at Work Act etc

(1974)". The requirenents of this Standard and of the Health and Safety
Regul ations are to be seen as conplenentary.
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2.2 Purpose. The purpose of this Part is to influence the operational
effectiveness of nanned systens in a positive way by ensuring that the
design of Human Computer Interfaces support effective Human Conputer

I nteraction.

This can be referred to as the HCI Design Quality aspects of the system

This Part is intended to reduce the risk of conmputer-based systenms being
put into service in which the performance of capability of the systenis
users results in the system failing to satisfy operability requirenents.
Operability requirements addressed include the overall standards of system
effectiveness, the levels of user training, support and effort required to
achi eve those standards, and considerations of system availability,
reliability and user acceptance.

2.3 Usage. This Part is intended to be cited on all projects in which
operational conputer-based equipnent is being procured, where the
interaction between the system and the human users inpacts the operational
effectiveness of the equipnent. It describes requirenents for a mnimm
set of documents to be devel oped and maintai ned throughout a procurenent,
to provide control of HCI devel opnent issues.

HCl " Consi derations” which are relevant to a procurenent are identified and
descri bed. This Part identifies issues which typically need to be
addressed in HCl devel oprent. Users of the Standard are expected to
identify those issues which are relevant to the specific devel opnent, then
apply appropriate consideration of those issues. Conpliance with this Part
depends on denonstrating:

(a) that the design issues relevant to a particular devel opment have been
i dentified;

(b) that appropriate consideration has been given to the issues and

(c) providing evidence that the results of the consideration are
docunented and reflected in the HCl Design.

2.4 Audi ence. This Part is intended to be used by those both within MDD
and Industry who have involvenent in HClI devel opnent. The principal target
audi ence are those people directly involved in equipnent devel opnment,

i ncluding MOD(PE) project personnel and their supporting technical

advi sors, user representatives within the armed forces, and those involved
in the design and devel opnent of defence equipnent within industry.

3 Related Docunents

3.1 The docunents and publications referred to in this Part of the
Standard, are listed at annex B.
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3.2 Related docunents can be obtained from

DOCUMENT SOURCE

Consunmer Protection Act 1987 PO BOX 276

Health and Safety at Wrk Act LONDON SW8 5DT

1974

British Standards/| SO British Standards Institution

389 Chiswick Hi gh Road
LONDON W 4AL

STANAGs NVST

Room 202

Archway Bl ock South
add Admiralty Building
Spring Gardens

LONDON SWLA 2BE

Def ence Standards, Def Stans Directorate of Standardi zation
Stan 1

Kenti gern House

65 Brown Street

GLASGOW & 8EX

BRs Central Services Establishment
CSE 1c

LI angennech

DYFED SAS14 8YP

SSCPs MOD Library
Room 2

Bl ock E

Foxhi I |

BATH BA1 5AB

M| Standards Techni cal | ndexes
M1 Specs RAPI DOC
W I | oughby Road
Br acknel |

BERKSHI RE RG12 4DW

3.3 Reference in this Part of the Standard to any related docunent neans
in any invitation to tender or contract the edition and all anendments
current at the date of such tender or contract unless a specific edition is
i ndi cat ed.
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4 Definitions

For this Part of the Defence Standard the definitions listed at annex A
apply.
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Section Two. Design Process

5 Managenent of an HClI Devel opnent

5.1 Design Authority responsibilities. The Design Authority is
responsi bl e for planning and undertaking all activities necessary to ensure

that the design of the Human-Conputer Interface does not represent a risk
to the operational performance, availability or reliability of the overal
manned system This includes the responsibility for ensuring that al
considerations relevant to the design and production of the HCl cited in
this Part have been adequately addressed

5.2 ldentification of HCI Related Operability Risk

5.2.1 The Design Authority shall carry out an assessnent to identify the
risks to the system s overall operational objectives which mght arise

t hrough the design of the HC . The |l evel of detail in the risk
identification shall

(a) be conmensurate with the size, conplexity and novelty of the system
bei ng procured

(b) be appropriate to the conplexity of the HC;

(c) be comensurate with the range of users expected to use the system
i ncluding nmintainers, training personnel and other relevant stakehol ders;

(d) be conmensurate with the conplexity of the tasks and the demands
expected to be inposed on the user.

5.2.2 A separate risk identification shall be conducted for each stage of
a project life cycle, and a report shall be issued prior to conmencenent of
the relevant stage. It may often be appropriate for the assessnent to be
included as part of the contractor’s response to an invitation to tender.

5.2.3 The method by which the risk identification is carried out shall be
determined by the Design Authority but it shall, as a mninmm satisfy the
followi ng requirenents:

5.2.3.1 The results of the identification shall be docunented.

5.2.3.2 Critical HCl risks which come within the responsibility of the
Design Authority for the project shall be identified, together with the
supporting rationale. Critical HCl requirements are those issues affecting
the design of the HCI which, if they are not achieved, may result in one or
nore of the system objectives not being net. If the risk identification
concludes that there are no critical HCl requirenents within the
responsibility of the Design Authority, this shall be docunented, with
supporting evidence.

5.2.3.3 For each critical HCl risk, the risk identification report shal
i ncl ude:

(a) a statenment of the nature of the risk and the operational objectives
whi ch may be affected (ie operability, maintainability, training, health
and safety etc);
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5.2.3.3 (Contd)

(b) an estimate of the nost extrenme magnitude of the risk quantified in an
appropriate manner (such as "time to perform critical operations could be
100% |l onger than the tine expected to be available") also

(c) a statenent of the priority which should be given to the risk, both
relative to other HCI and Human Factors issues, and relative to other
system consi derati ons.

5.2.3.4 System and HCI Design decisions which will inpact on each HCl risk
shall be identified, together with a description of the information needed
to support appropriate decisions. Activities necessary to adequately
address the risk during the subsequent life-cycle stage shall also be
identified.

5.2.4 Scope of Risk Identification. Devel oping a system which neets its
operational objectives can only be assured by integrating HCl analysis and
design with the overall system analysis and design process. During the
risk analysis, the full scope of HC requirenents shall be addressed.

5.2.5 The top level systemrequirenents (such as the need to reduce
manpower, or the requirenents to use commercial "off the shelf" packages)
shall be identified. The HCI Risk Identification shall explicitly address,
but not be limted to, the follow ng issues:

(a) Overall system effectiveness.

(b) Initial and on-going training.

(c) Consequences of delayed inplenentation.

(d) Post inplenentation maintenance.

(e) Post inplementation support.

(f) Pre-acceptance design changes.

(g) Post inplementation design changes.

(h) Health and safety.

5.2.6 The identification shall address both the cost, and the operability
i mpact of HCl issues. The assessnent shall be judged in accordance wth

the following Table A

NOTE: In Table A the "Likelihood" colum refers to the Ilikelihood of the
design of the HCI leading to failure to neet operational requirenents.
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5.2.6 (Contd)
Table A

HCl Related Operability Ri sk Assessnent

Possible Consequences

Likelihood Catastrophic Critical Marginal Negligible
Very high Level 4

High Level 3

Moderate Level 2

Low

Very Low Level 1
5.3 The HC Design Rationale. VWere the results of the HCI Operationa

Ri sk Assessnent indicate that aspects of the design of the HCl represents a
significant risk to system objectives, an HC Design Rationale docunent

shall be prepared and nmintained during each stage of a procurement. The
docunent shall include a record of the considerations given and concl usi ons
drawn, including design decisions. The docunent will provide traceability

of decisions made during the design process that affect the HC.
Traceability in general must be viewed in nanagerial as well as technica
terms.

5.4 User representation. VWere a project involves HCl analysis, design or
eval uation activities, the HCl devel opment team shall be provided with
adequate access to user representatives. User representatives are

i ndi vi dual s having appropriate and recent user experience and training for
themto be able to represent the interests of the target user popul ation
Speci al consideration shall be given to the nethods and nechani sns for
comuni cation between representative users and those involved in HC

devel opnent . User representatives need to have an appropriate |evel of
authority and to understand that authority.

NOTE: Many design problens arise from poor communication between the
design team and the target users.

5.5 Safety considerations. Where a hazard anal ysis progranme or a safety
ri sk assessnent (see Def Stan 00-56) is required in the devel opnent of the
equi pnent, the HCI program shall identify the relationship and interface
between the two prograns.

6 Essential HCI Devel opnent Activities

6.1 General. The devel opnment activities necessary to ensure that HCls
devel oped for operational mlitary equipment will be effective, depend on a
range of factors associated with each devel opnent. These include the

nature, conplexity and novelty of the equiprment, requirements for inter-
operability with other equipnment, and the extent to which the operational
effectiveness of the equi pment depends on the equipnents’ users. Equi pment
devel opnent projects will often involve activities such as HCl requirenent
anal ysis, conceptual design and rapid prototyping, user trials and operator

10
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6.1 (Contd)

wor kl oad anal ysi s. (Part 12 of this Standard describes the Human Factors
activities often conducted in system devel opnent.)

6.1.1 HCI devel opnent activities should lead to the production of a set of
documents controlling and defining the HCl devel opnent process. The
followi ng docunents, or their equivalents shall be produced:

(a) an HCO Risk ldentification Report;

(b) an HClI Devel oprment Pl an;

(c) an HC Requirenents Specification;

(d) an HCl Design Rationale and Specification;
(e) a User Evaluation Report;

6.1.2 An HCI Acceptance Questionnaire shall be drafted by the contractor
and approved by the appropriate authority. It shall docurment all the
assessnent/acceptance activities including denonstrations, prototypes and
devel opnent rigs for both informal and controlled trials. The trials may
use experts and/or representative personnel fromthe user or maintainer
popul ati on. The results of the assessnents derived from the use of the
questionnaire shall cover the functionally, equipnent operability and the
performance of the users during agreed scenari os. It may al so cover the
interoperability between equipnments used in close proximty or in

relati onship to one another.

6.1.3 The format of these reports will nornmally be agreed between the
Design Authority and the MOD(PE) Project Manager. The resul tant docunent
set shall however, allow traceability from requirenents to design. \here a
project mandates a specific approach to Human Factors (such as those

mandat ed under MANPRI NT or SSCP10O, 11 or 12), the resultant programme of
wor k shall ensure that their output covers the content of the above

reports.

6.1.4 The extent of the work undertaken to produce these docunents at the
different stages of the systemlife cycle shall be appropriate to the scope
of that stage. The figure below identifies a typical relationship between
the extent of this work and the overall design life cycle.

11
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Pre-Feasibillity [EFeasibillity Project Detailed Design | | Acceptance &

Detinition & Development | | in.Service

HCI Risk Identification Report |

_JHC) Devetopment Ptan

1HCI Requirements Specification

a

JHCI Design Specification

LUm Evaluation Report

),

[FCi Design Rationale T T——
- M
— HCI
— DOCUMENTATION

Fig 1. Relationship Between Required HCI Docunentation and
System Devel opnment Life Cycle Stages

6.2 HO Risk ldentification report. The HCI Risk ldentification report
shall contain the information contained in clause 5.2.3. The Design

Aut hority shall generate this infornmation by whatever nethods are deened
appropri ate. Techni ques such as Stakehol der Anal ysis, Task Anal ysis and
Wor kl oad Assessnent may often be appropriate in identifying HCl Ri sks.

6.3 HCl devel opnent pl an. VWere the results of the HCl Risk
Identification indicates that HCl issues require formal consideration
during a project stage, the overall program plan for the stage shall

include details of the HCl activities to be perforned. The plan shall
identify the activities, relationships and extent of activities required to
address the identified risks. The activities for the devel opment of HC
aspects of the system shall be undertaken in a systematic and structured
way.

6.3.1 HO prototyping The HCI devel opnent plan shall explicitly describe
the use of HCI prototyping. HCl prototyping shall be carried out at all
phases of the design and devel opment process. HCl prototypes should not be
confused with Al pha and Beta code rel eases. They shoul d al so not be
confused with denonstrators or sinulators. HCl prototypes should be

consi dered as devel opnent environments perfornming three essential roles in
produci ng successful HC s.

(a) darifying HCl requirements via the identification of the HCl
pr obl ens.

12
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6.3.1 (Contd)

(b) Devel opnent design solutions and reviewi ng themw th user and custoner
representatives.

(c) Supporting both informal user evaluations and formal user trials
(which may form part of overall system acceptance).

6.3.1.1 The purpose, nature and conplexity of an HCl prototyping activity
will depend on the specific objectives of the devel opment phase and the
extent to which HClI issues are critical to operational objectives. The
following list identifies typical uses of HClI prototyping at each stage of
a devel opnent life-cycle:

(a) Wthin the pre-feasibility and feasibility phases, the prinme objective
of HCl prototyping should be to facilitate the elicitation and
specification of high level HClI and operability requirenents.

Consi deration should also be given to investigating basic HClI design
concept s.

(b) The prime objective during the project definition phase should be to
clarify and support the preparation of detailed HC requirenents

speci fications. During this stage, consideration should also be given to
using the facility as the basis for conducting informal user trials and
design validation activities.

(¢) Wthin full devel opnment and initial production phases, HCl prototyping
shall be used to support the devel opnent, denonstration and specification
of detailed HCI design solutions. The environnent should also be used to
support further formal and informal user trials. \Were the prototyping
envi ronnent and the inplementation of the system HCI on the prototype is
sufficiently representative of the production system consideration should
be given to the possibility of conducting formal acceptance trials in the
envi ronnent .

(d) Where in-service equipnent is being upgraded, consideration shall be
given to the use of prototyping to prove the operational performance
criteria will be net before the in-service date.

6.3.2 Task analysis. Task analysis will normally be required in any Human
Factors devel opnent process. VWiere an analysis is carried out in support
of HCl devel opnent, consideration shall be given to ensuring the analysis
nethod is appropriate to support HCI devel opnent. Results of the
consideration shall be documented in the HCl Design Rationale. The task
analysis shall address both operational users and system naintainers and
shall, as a mininmum identify:

(a)  The set of all user and maintainer tasks especially those expected to
require interaction with the Human Conputer Interface and their
relati onships to user goals and objectives.

(b) Performance requirements for each HCl related role and task.

(c) The sets of 'objects', and the related data and behavi our which need
to be reflected in the HCl to support user tasks.

(d) Information required from the system to support each task.

13
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6.3.2 (Contd)

(e) Critical tasks and decisions which depend on interaction with the
system

(f) The expected allocation of function at an HCl device |evel between the
user and the system

(9) Assunptions made about the system design envisaged.

NOTE: The HF task analysis may have inplications for the ILS Mintainer
Task Analysis and vice versa.

6.3.2.1 The analysis shall consider the inpact of facilities provided by
or required fromthe systemto support sharing of information within and
bet ween operational wunits.

Further information on Task Analysis is contained in Part 12 of this

Def ence Standard (00-25) and in STANAG 3994. Kirwan and Ainsworth (1992)
provide a recent sunmary of a range of Task Analysis techni ques together

with case studies illustrating their application. Di aper (1989) contains
details on Task Anal ysis techniques particularly relevant to HCl

devel opnent.

6.4 HCl Requirenments Specification. The HCI Requirenments Specification
identifies the total set of HClI requirenments for the system and specifies

the basis by which acceptance of operability aspects of the HCl design wll
be achi eved. The docunent shall cover both functional and non-functiona
requi renents, and shall be expressed in a manner which, as far as possible,
is independent from any particular design solution.

6.4.1 The level of detail contained in the HCI Requirenents Specification
will vary depending on the life cycle stage in which it is produced. The
docurment shall, however, contain the follow ng information:

(a) A description of the essential characteristics of the target user
popul ati on (including operational and mai ntenance personnel) detailing how
they affect the design of the HC.

(b) Details of key tasks to be performed by the target users, including
the conditions in which the standards are to be achieved and the user’s
capabilities.

(c) A statenent of the guiding principles to be used in devel oping the
HCl .

(d) A specification of the information and control facilities to be
provided at the HCl, including the data capacities and standards of system
performance to be achieved

(e) A specification of the non-functional requirenents, including, as
appropriate, the standards of HCl performance to be achieved and the
maxi mum anmount of training to be given

Activities which may often be appropriate to generate the information

required in the HCl Requirenents Specification include Stakehol der
Anal ysis, Task and Workload Analysis and HCl Prototyping

14
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6.5 HCO _Design Specification. Shall contain a description of each of the
di splay elenents and interactive controls to a level of detail such that
t he appearance and behaviour of the HClI is unanbi guously defined. In some

cases, a configured HCI prototype is an acceptable format for an HC Design
Specification but it should be noted that it cannot necessarily replace a
desi gn Specification.

6.5.1 The information required to conplete the HClI Design Specification
will often be generated through HCI Prototyping together with the use of
suitabl e devices for specifying design details. The Design Specification
shall include a list of terns, paraneters, abbreviations and acronyns

di splayed in the interface.

6.6 HCl Eval uation Report. Shal | document all activities conducted to
validate that the HCl Design satisfies the requirements or evaluate
usability aspects of the design. The docunent will, for exanple, contain

details of formal and informal user evaluations, results of workload
prediction or other activities conducted to predict user performance, or
the results of HCl Audits.

6.6.1 HCl Eval uations. Eval uations of the HCl shall be carried out at all
phases of system devel oprment. These evaluations shall be used both to
assist in deciding between alternative design options, and to support
validation that the HClI Design satisfies the systenis operability
requirenents. Design decisions based on the results of HC evaluations
shall be recorded within the HCl Design Rationale document.

6.7 HC Design Rationale. The HCI Design Rationale shall provide a source
of traceability of decisions affecting the design of the HCl throughout a
system devel opnent . The docunment shall be naintained by the Design
Authority during each stage of a procurenent. The docunent shall contain,
as a mninmm

(a) A summary of the principal HCl Ri sks which have been identified both
for the overall project and for the current stage.

(b) A statenent of system design issues which may inpact the HCl Design.
(c) A summary of activities undertaken to address each of the risks.

(d) A description of design issues and options which have been addressed.
(e) A summary of HCl evaluation activities conducted.

(f) A summary of design decisions nmade, based on the results of HC
eval uati ons.

(g) A statenent of outstanding issues to be addressed in future project
st ages.

15
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Section Three. Interaction

7 1ntroduction

7.1 Ceneral. Appropriate consideration of the neans by which users
interact with conputer-based systens is essential in ensuring the
efficiency and effectiveness of an HCl devel opnent. Consi derations to be

addressed cover:

(a) Principles of interaction.

(b) Presentation of information.

(c) Logical interaction.

(d) Physical interaction.

(e) Supporting facilities.

Where the Operability HCl Ri sk Assessment identifies critical HCl issues
i nvolved in an equi pnent devel opnent project, the Design Authority for each
stage shall denobnstrate that appropriate consideration has been given to
each of these areas during the analysis and specification of HC

requi renents, devel opnment of HCl design solutions and introduction into

servi ce. Details of the consideration in each of these areas shall be
included in the HCl Design Rationale docunent.

7.1.2 Desirable characteristics. Systens shall display the follow ng
desirable characteristics:

(a) Suitability for the task. An HCl is suitable for a task when it
supports the user in the effective and efficient conpletion of the task.

(b) Self descriptiveness. An interface is self descriptive when each
di al ogue step is inmediately conprehensi bl e through feedback fromthe
system or is explained to the user on request.

(c) Controllability. An interface is controllable when the user is able
to initiate and control the direction and pace of the interaction until the
poi nt at which user goals have been net.

(d) Conformity with user expectations An interface confornms to user
expectations when it is consistent and conpatible with the user
characteristics such as task know edge, education, experience, and to
comonly accepted conventions.

(e) Error tolerance. An interface is error tolerant if, despite evident
errors in input, the intended result nmay be achieved with either no or
m nimal corrective action by the user.

(f) Suitability for |earning. An interface is suitable for |earning when
it supports and guides the user in learning to use the system

7.2 Principles of interaction

7.2.1 Ceneral. It is essential that the principles underlying effective
human- conmput er interaction are understood and applied consistently.
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7.2.1 (Contd)

Principles provide a unifying framework w thin which design decisions
leading to a coherent HCl design can be made. The principles discussed in
this section are intended to be generic to a wide range of systens.

NOTE: Principles are intended as high |evel design guidance. They are not
intended to be followed blindly or to be taken to their |ogical extrenes.
It will often be necessary to make trade-offs between the inportance of
applying a principle consistently against other functional and non-
functional system requirenents.

7.2.2 During each stage of a procurenent, the Design Authority shall
denonstrate, through the HC Design Rationale document, that consideration
has been given to the Principles of Interaction. During the feasibility
stage, a set of '@iiding Principles' for the design of the HCl shall be
prepared based on those principles identified in this section. The CGuiding
Principles shall be further refined and el aborated in |later stages of the
project, prior to detailed HCl design work being carried out. \Where a
principle applies to a procurenent, exanples of its application should be
provi ded. VWhere a principle does not apply, an explanation should be

provi ded.

7.2.3 Design for the users and their tasks. The ways in which information
is presented on an HCI and the style of interactive dialogue shall be based
on know edge both of task requirements and of relevant characteristics of
the target user popul ation. The HCI shall be suitable for the range of
abilities of the user popul ation.

7.2.3.1 Task characteristics. Task characteristics which shall be
consi dered incl ude:

(a) The degree of criticality of user tasks.
(b) Standards of performance and reliability required.

(¢) Relationships between different itens of information and between
information and control facilities.

(d) The extent of physical or nental demands which nay be inposed on users
whil e operating the equipnent.

(e) Relationships between HCl tasks and non-HC tasks or tasks supported
with other conputer-based equipnent.

(f) The conditions under which tasks are expected to be perforned,
i ncluding the physical environnent and task duration.

(g Special clothing or equipment.

7.2.3.2 User characteristics. User characteristics which shall be
consi dered i ncl ude:

(a) Visual capabilities (including visual screening of the user
popul ation).

(b) Degree of task and system specific expertise.
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7.2.3.2 (Contd)
(c) Extent and regularity of system usage
(d) Experience with simlar equipnent.

(e) Stereotypes and expectations which the user popul ation can be expected
to hol d.

7.2.4 Understand the user’s conceptual nodel. The design of an HCl shal
be based on an explicit representati on of what users’ interaction with the

system is expected to be I|ike. This is known as the 'HCI Design Mdel"'.

All users of equiprment develop their own mental understanding of the way
the equi pment works. This is done during training, fanmiliarization and use
of the equi pnent, and draws on each user’s experience, expectations and
under standi ng of how the equi pment actually works. This is often called
the "Users Conceptual Model".

Simlarly, system designers develop their own concepts and nental
representati ons of what they expect the user’s interaction with the system
to be Ilike. These representations are rarely nmade explicit and nmay be very
different both between different designers, and between a designer and a
user. In | arge systens, where nmany individuals involved in the design
process have an inpact on the HCl, each designer can develop a different
mental nodel of the user’s interaction with their part of the system
Operability problens typically arise when the designer(s) nodel (s) of the
users interaction are inconsistent, and differ from those which users
devel op or are taught.

7.2.4.1 The HCI Design Mdel shall be recorded in an appropriate format
and shall be docunented in the HCl Design Rationale. The Design Authority
is responsible for ensuring that all individuals who inpact on the HC
design are aware of and understand the HCl Design Mdel

7.2.4.2 The HClI Design Mdel shall be expressed in a manner which directly
lends itself to use as a training aid. If the Mddel cannot be easily
expl ai ned and understood by representative users, it is likely either to be
too conpl ex or expressed using | anguage and concepts with which users are
unfam i ar. In either case it will not satisfy the requirenent for use as
a training aid.

7.2.4.3 During the HCl design process, the system shall be designed such
t hat the appearance and behavi our of the HCl reinforces the user’s
conceptual nodel . This should be achieved for exanple by:

(a) making the result of interactions visible prior to conmtnent and

(b) developing the user’s nodel as an integral part of the training
programe design.

7.2.5 Use the user’s |anguage. Words, synbols, colours and concepts shall
be based on ternms with which users are famliar. Standard English shall be
used, and where necessary, technical ternms or concepts which users can be
expected to understand from training shall be adopted. Users shoul d not be
expected to learn computing term nology. Where necessary, description or
reference to operations within the HCl should be based on words or
expressions which describe the operation in sinple everyday terns.
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7.2.6 Sinplicity. In both physical and conceptual termnms, the physical
movement s and actions involved in using an interface should be as sinple as
possi bl e. The principle of sinplicity refers to the |level of experience
and know edge which a user requires in order to use an interface, as well
as the conplexity of physical actions necessary. The way in which
information is displayed, including the conplexity of |anguage, and any
specialist term nology used, should be easily understood by the target user
popul ati on. This also involves ensuring that the concepts used in the HC
relate easily to user experience and expectations

7.2.6.1 An HCl should be based on sinple operations which can be conbi ned
in meani ngful ways to produce nore conplex interactions. Conpl ex keyi ng
sequences (eg control and Shift and Key) should not be necessary to perform
operati ons. They may be used as alternatives, or to provide rapid access
to experienced users. Direct interaction, where the user manipulates a

poi nting device (such as a tracker ball or light pen) to input instructions
to the systemis one of the sinplest forms of interaction, drawi ng on
sinpl e perpetual -notor operations.

In WMS(Windows, Icons, Mice, Pull-down menus and Selection) style
interfaces the principal concepts underlying nmpst interaction involves one
or nore conbinations of four basic concepts:

(a) "select this" (eg point and click to select an object);

(b) "open this" (eg double click on a selected object);

(c) "put this there" (eg select an object and drag it to a new position;
(d) "do this to that" (eg identify an operation - "this" - and apply it to
a selected item- "that").

7.2.7 Transparency. Transparency is concerned with ensuring that the HC

does not interpose user and task. The design of the HCl should allow users
to concentrate on achieving their inmedi ate tasks, and should not require
the user to concentrate on the details of interacting with the system

7.2.8 Predictability. Havi ng | earned the underlying principles behind an
HCl and the basic operations used to mani pul ate the system users should be
able to predict what to do to achieve a desired effect, and, in general

how the HCl will respond to a user action. Predictability is supported
when the other principles, particularly consistency and sinplicity are nmet,
and when the user can relate to the systemin terns of experience or

t rai ni ng.

7.2.8.1 Consi stence. Consi stency supports the principle of predictability
and covers all elenments of an HCl . It addresses the layout of screens, use
of information coding, the dynam c behaviour of display el enents, use of
term nol ogy and the sequence of dial ogue steps necessary to perform

operati ons. Consi stency requires that itens which | ook the sane behave in
a consistent manner.

7.2.8.2 Follow reality. The way in which the HCl represents the world,
the rel ati onshi ps between objects within the HCl, and the way in which
objects within the HCI behave, should be based on the properties of objects
in the real world. To interact with the system the user should be able to
use existing know edge and experience of the real world. Thi s shoul d make
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7.2.8.2 (Contd)

it easier for the user to predict commands, or to interpret the state of

the interface. (For exanple, if one object is placed in front of another,
the one behind is obscured. In order to see the one behind, it nust be
brought to the front). However, real world anal ogi es shoul d not be pushed
to | ogical extremnes. (For exanple, if an object in the interface is being
"noved", and is then accidentally "dropped", it does not need to "bounce"

or "roll" before comng to a stop!)

7.2.8.3 Avoid a causality. The behavi our of the system should be wholly
determ ni sti c. Users should be able to clearly identify whether changes in

the system have been caused by the user’s actions, by changes in the state
of the system or by changes in the world, or external equipnent connected
to the system

7.2.9 Let the user control the system In nost cases, the user should
initiate and control the sequence and pace of interaction with the system
Allowing the systemto initiate and control user interaction can be
frustrating, and can lead to dissatisfaction and stress. It can also

i npact on the user’'s ability to maintain and inprove skills and efficiency,
and to maintain adequate awareness and understanding of system processes

7.2.9.1 In a mlitary system careful consideration shall be given to the
bal ance of control between the users and the system In sone situations,
such as safety-critical operations, it nay be necessary to violate this
principal to ensure the safety and integrity of the overall system To
ensure that standard operate procedures are carried out correctly, it my
be appropriate for the systemto control the interaction.

7.2.10 darity. The principle of clarity addresses the ease with which
t he user devel ops and mai ntai ns an understanding of the state of the
interface at any tine. It includes a nunber of issues involved in

transmtting information from the system to the user. These include the
legibility of text, the clutter or density of information, the way in which
screen areas are organi zed and the effectiveness of information coding
techni ques, as well as any special techniques used to attract user

attention

Clarity includes the principle of making the state of the system

observabl e: ie ensuring that users can tell the state of the system from
its visual appearance. For exanple, highlighting a selected object draws
the user’s attention to that object, and nakes it clear that the system
expects that object to be the focus of any inmmediate input activity.
Clarity is concerned with ensuring that the HClI clearly indicates

(a) What state the systemis in (ie whether it is working, busy, waiting
for user input, etc).

(b) The options available to the user (ie controls available, as well as
any which are usually available, but are not at the present tine).

(c) The state of data displayed (for exanple whether it is in the process
of being edited or currently held by the systen).

(d) \Whether any special conditions exist (such as alerts, faults or safety
critical processes).
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7.2.11 Provide feedback. Whenever the user interacts with the system
there should be clear feedback of what has been done and what the effect
was. This applies to inputs of any type (such as pressing a key, noving a

poi nting device, actioning a field, selecting an option). Visual and/or
ot her feedback should be shown at the place where the action was taken, and
i medi ately following the action. (For nost purposes, "inmmediately" neans

within approximately 100 ms.) \Were an action initiates a process or
operation which involves a perceptible delay (longer than approxinmately 1-2
s), a visual indication should be provided showi ng that the process is
underway, and, if possible, the state of the process and how long it wll
be until it is conplete. (See 10.4 for detailed guidance on HCl response
tines.)

7.2.11.1 VWhere the system detects user errors, feedback on the error
shoul d be provided as close as possible both in tine and space to the

| ocati on where the error was nade. Feedback should clearly indicate the
nature of the error detected and, if possible, provide information to
rectify the error. For exanple, if data in one field (eg MNIMJM is
required to be larger than the value in a related field (eg MAXIMM, the
system should both clearly identify the field which is in error, and

i ndi cate the maxi mum acceptable value, based on the data in the MAXI MUM
field.

7.2.12 Use sinple concepts. The basic operations available to users shal
be explained in sinple |language with which the user is famliar, and should
not require special know edge or concepts.

7.2.13 Interface Navigation. The user shall, at all tinmes, be able to
determ ne the present location within the structure of the interface, and
to deduce the route to any other place. If an interface (or a nenu) is

structured hierarchically, or has a focal point providing access to all
system facilities, a direct route to the top level or focal point shall be
achieved with at nbst two keystrokes or selections

7.3.14 Avoid nodes. Modes exist in an interface when an action has a
different effect depending on what state the systemis in. I n general

nodes shoul d be avoi ded. Actions or commands should have the sanme effect
wherever they are applied. In conplex systens however, it may be difficult
to avoid sone instances of nodes. If nodes are used, their status shall be
explicit, and the current node shall be discernible to the user.

Situations in which nobdes can be acceptable include

(a) Long-term nodes, where the user is likely to remain in a system node
for a period of at |east sone mnutes. In this case, the layout of the
screen, options available, and the behaviour of screen elements nay taken
on properties which are specific to the particular mbde. The underlying
principles of the way the HCl works, such as the neans of selecting options
still apply, although details nmay specific be to the current node

(b) Alert nmodes, where the user is required to take sone inmediate action
in response to an enmergency or time critical event.

7.2.15 Directness. The system shall allow the user to interact directly

with objects which are inportant to the user’s task. Di rectness involves
at least three aspects:
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7.2.15 (Contd)

(a) ensuring that the interface shows the user objects which are of direct
interest in performng tasks;

(b) allowing the user to interact with the objects of interest wthout
going through internedi ate steps;

(c) ensuring that when the user interacts with an object the result is
shown at the place where the interaction took place.

Achi evi ng directness does not depend on the use of a G aphical User
Interface. The ability to spatially interact with objects which are
represented visually has a very close correspondence with the way in which
humans interact with the everyday world. Assuch, using a pointing device
to interact with things of interest which are directly represented on the
di splay may be as direct as can reasonably and reliably be achieved with
today’ s technol ogy. (Oher HClI technol ogi es, which have not yet reached
maturity or commercial viability for nopst applications, such as the use of
speech input/output, gesture, eye control and virtual displays offer the
potential for even nore direct interfaces in the future.)

7.2.16 Tineliness. Consi deration shall be given to the systemresponse
time to user inputs or to conplete operations. Timel i ness is inportant
both in enabling users to nmeet the required standard of system perfornmance
and in ensuring user acceptance of a system The absolute time which wll
be acceptable for an HCl response is dependent on the overall system

requi renents, and the performance standards required of user tasks. HCI
response tinmes which may be relatively slow are generally acceptable to the
user provided:

(a) the tine taken to carry out a single operation does not vary by nore
than approxi mately 15%

(b) the time is appropriate to the perceived complexity of the operation
bei ng perforned;

(c) the response tinme is conmpatible with task requirenents.

7.2.17 FEorgiveness. The HCI shoul d expect the user to make m stakes, and
be forgiving of those ni stakes. This can be achi eved:

(a) by ensuring that all user actions are reversible, either by a single
key press (eg UNDO, or by a sinple reversal of the action taken;

(b) by ensuring that the user does not unknowingly get into a situation
which is irrecoverable.

7.2.17.1 Users should be able to recover from sinple m stakes wi thout
affecting the system or the work in progress. If the user requests a
command or operation which is irreversible, the system should provide a
pronpt or a request for confirmation requiring explicit acknow edgement
bef ore proceeding.
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7.2.17.2 UNDO Consi deration shall be given to providing UNDO facilities
wherever they can reasonably be inplemented. Provi ding UNDO can, however,
have significant inpact on a system design. Where an operation cannot be
reversed, or is not easily reversible, and where the nature of the task
allows it, the user should be nade aware, and asked to confirm the
operation, at the time the operation is requested.

7.2.18 Allow input flexibility. To allow the users to enter data w thout
having to mentally transpose the format, systens should accept data in a
nunber of alternative or inconplete formats. Consi deration shall be given
to the acceptance of synonyns, abbreviations and the use of direct and

i ndi rect operands.

7.2.18.1 Do not insist on optinmal strategies. It is conmon during the HC
design process to base design decisions on the inplicit assunption that
users will always adopt optinal strategies for performng HCl tasks. Thi s

can result in these assunptions becom ng enbedded into the system design
such that to use the HCl effectively, the user is required always to
perform optimally. The design of the HCI should allow users to adopt
alternative strategies or nethods for achieving objectives, even if these
may be non-optimal. The formalisation of the user strategies and task flow
should be used as wal k-through criteria during user trials.

7.2.18.2 Allow for interm ssion/interruption. Mlitary personnel are
often required to address a nunber of objectives simultaneously. The
design of an HC should support users in adopting appropriate time-sharing
strategies, allowing attention to be allocated between parallel tasks.

7.2.19 Mninmze denmands on the user. The user shall not be expected to
remenber information or commands accurately. Pronpts shall be provided
wherever practicable. \Where nenorizing is unavoidable, pronpts or nmenory
aids shall be provided where users are expected to accurately input nunbers
or non-word text strings in excess of 5 characters. The user should not be
required to input information which is already in the system particularly
if the user is aware that it is in the system

Human capacity for mentally storing, manipulating and recalling information
accurately is limted to approximately up to 9 "chunks". (A "chunk" can be
i ndividual digits or words, or meaningful conbinations of digits or words.)
Mai ntaining itens of information in nenory interferes with the performance
of sinultaneous verbal or spatial tasks and quickly creates the subjective
impression that a task is difficult.

7.2.19.1 Mninmse keystrokes. The nunber of discrete user actions
necessary to carry out an operation shall be kept to a m ninum For
frequently used, or crucial operations, the operation should be achieved in
not more than 2 keystrokes.

8 Information Presentation

8.1 Ceneral. Mlitary conputer systems are capable of presenting users
with |arge anounts of rapidly changing information. Humans, on the other
hand, are limted in the rate at which they can exchange information with a
system Appropriate consideration of Human Factors issues in designing
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Human Conputer Interfaces is necessary to ensure the accurate, reliable and
ti mely exchange of information between a conmputer systemand its human
users.

This clause identifies the major Human Factors considerations in the
presentation of information at an HCl . It is specific to human-conputer
interfaces and is additional to the information contained in parts 7, 8 and
9 of this Standard. Readers should al so note technologies in this area are
devel oping rapidly.

8.2 @uiding principles Informati on presented on visual displays shall be
clear, neaningful, consistent, |egible, discrimnable and structured. The

application and eval uation of these principles shall be based on an
understanding of the tasks to be perforned by users. The Design Authority
shall ensure that the principles are applied appropriately.

8.2.1 darity. Information shall be presented such that it can be quickly
| ocated and understood by the intended users under operational conditions
Desi gn considerations affecting clarify include the size, spacing and
styling of text and graphics, the spatial arrangement and density of

i nformati on and the organi zation of information into groups, pages or

fornms. Additional areas which should be considered are the relationship
between the format in which information is displayed and the manner by

whi ch users use the information.

8. 2.2 Meani ngf ul ness. Information shall be unambi guous and neaningful to
the target user population. \Were infornation coding techniques are used

t he nmeani ng associated with codes shall be, as far as possible, based on
associations with which the user popul ation can be expected to be famliar
(such as "Red = Danger"). Wrds, names and abbreviations shall be based on
| anguage and term nol ogy used by the target user popul ation. Dat a
parameters and units shall use formats which are meaningful to the target
users and consistent with the overall task context.

8. 2.3 Consi stency. The Design Authority shall ensure that information
provided on display screens is presented consistently. Thi s includes the
format, style and location of information presentation. Consi st ency
applies to the design of individual information itenms, to consistency
between related itenms on the sane display, and to consistency throughout
the user’s overall task context (including other conputer-based systens
with which users can be expected to interact).

8.2.4 Leqibility. Text and nuneric characters shall be legible to the
target user population under the intended conditions of use. Legibility
shall be addressed at the |lowest unit of text which is intended to convey
meani ngful information (ie whole words or individual characters).

8.2.5 Discrimnability. The design of non-textual display itenmns,

i ncludi ng synbols, inmagery, charts, tables and other graphical display
conmponents, shall ensure that target users can reliably discrimnate
bet ween display elenents. Discrimnability shall be addressed at the
smal | est visual elenent intended to convey information.
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8.2.6 ldentifiability. The design of non-textual displayed itens,
including representative graphics, diagrammtic graphics and iconic
graphics, shall ensure that target users can reliably identify a graphic in
and out of context. Wiere a metaphor is being used, the image shall be
identifiable in the context of the metaphor. For further details on iconic
graphics see 8.9.6.

8.2.7 Structured layouts. Information presented on display screens shall
be structured into organized groups of related information. Display
screens shall support users in making visual associations between related
i tens. Information and related controls shall be organized into neaningful
groups which are easily distinguished information groupings shall be based
on expectations or associations which users can be expected to hold, or on
groupings which logically arise out of the tasks supported. Infornation
grouping shall be neaningful in the task context.

8.3 Critical tasks. Special consideration shall be given to the
presentation of information and the design of interactive dialogue to
support tasks which are considered to be critical. Information may be

judged to be critical either due to the inportance of the task which it
supports or its consequences, or because of the frequency wth which the
task is performed. Consideration shall be given to methods and devices
that allow the user priority access to critical information.

8.4 Screen layout. The layout of the information within a display screen
shall be organized and provide perceptual structures to enable the user to
quickly locate or predict the location of data. \Were the user task

i nvol ves maintaining an overall awareness of, or nonitoring the state of, a
dynam c environment, display screens shall support users in perceiving
overall patterns and detecting significant changes. Cause 12 of this
Standard provides further guidance on display layouts.

8.4.1 Use of screen areas. Display screens should be organized into
distinct logical areas. Areas shall be based on an understanding of the
user tasks, and the HCl manipul ations necessary to control the system Key
information should be placed towards the top and left of each I|ogical

di splay area.

Consi stency in the use of screen areas, and effective napping between
screen areas and user tasks and objectives helps the user to form a
consi stent nental nodel of the HCl. This both facilitates |earning, and
supports users in predicting the location of information.

8.4.1.1 Information and controls required for a single task or activity
shal | be grouped together. As a general rule, systems should allow a

m ni mum of three user tasks to be current at any one tine, wthout
requiring the user to store and retrieve data.

8.4.2 Information density. The density of information presented on
conput er displays can have a significant inpact on the ability of users to
| ocate information, detect changes and maintain awareness. Consideration
shall be given to both the overall and local information densities, where
overal | density refers to the amount of information on the entire screen
area, and local density refers to how tightly packed the screen is within
i ndi vidual sub-areas of a screen.
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8.4.2.1 Density of al phanuneric displays. For al phanuneric displays, the
density of information on the display shall be cal cul ated using the
procedure described in Tullis (1990)

8.4.2.2 Density of non-al phanuneric displays. Where the ability of users
to rapidly locate informtion on non-al phanuneric displays is critical to
operational effectiveness, the Design Authority shall ensure that the
8.4.2.2 (Contd)

density of information, and the manner in which it is presented, supports
this requirenent.

8.4.2.3 Information filtering. Where di splays contain potentially |arge
amounts of information, consideration shall be given to providing users
with facilities to nanage the amobunt and types of information displayed at
any tine. This can, for exanple, be achieved by providing controls
allowing the user to filter a display according to relevant task dinmensions
(such as hostility, environment or tinme).

8.4.2.4 The ability to quickly reduce screen areas to a mniml size (such
as in iconizing Wndows) should be considered. Where information is

organi zed into individually controll able screen areas (such as fornms or

W ndows), providing facilities to enable users to change the size of a

di splay area to suit overall task requirements assists users in effectively
managi ng the anount of information displayed

8.4.2.5 Summary views. VWere | arge anounts of information is potentially
available to users, consideration should be given to providing a high |evel
sunmary view of data. Users should be able to request nore detail ed
information on specific items of interest as required. Sumary Vi ews

assi st users in devel oping and nmintaining situation awareness, while
providing access to nore detailed data when required

8.4.2.6 Alternate views. Consi deration should be given to the provision
of alternate views. Providing alternate views of data is often appropriate
in supporting the range of user tasks, or the range of users of a system
(An exanpl e woul d be using PPl displays to represent the tactical situation
at a particular point in tinme, and providing waterfall-type displays to
support tasks requiring tine-ordered infornation.) If alternate views are
appropriate, they should be selectable to allow the user to chose the view
best suited to their current tasks. \Were alternate views are provided

all of the information necessary to performa single activity should be
available within any single view

8.4.2.7 Where information filters, summary views or alternate views of
data are provided, critical information shall be brought to the user’s
attention when and where it is necessary.

8.5 Use of W ndows. This cl ause di scusses the use of Wndows as a neans
of organizing the display screen to support usability. The discussion is
concerned with the use of Wndows to support user tasks, rather than with
W ndowi ng technol ogy as such: the focus is therefore on user purposes
tasks and activities, rather than on display managenent considerations

W ndowed displays provide 2 basic capabilities
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(a) The ability to use a restricted screen area to work on a much |arger
area of data.

(b)  The ability to organize the screen into a nunber of discrete
activities.

8.5.1 Wndows provide a flexible means of supporting a user performng
multiple tasks on the sane screen. The visual separation of Wndows
supports the conceptual distinction between tasks, while the physical
surrounds of the display can provide a boundary on higher |evel or |onger
term task or role objectives. General requirenents for the use of Wndows
are:

(a) the boundaries of each Wndow shall be visually distinct;

(b) controls affecting the dinension and position of each Wndow shall be
dedi cated to that W ndow,

(¢) the status of each Wndow should be clearly indicated (ie open/closed
activel/inactive);

(d) the data displayed within each Wndow should be clearly identified and
related to a single user objective or set of related objectives

(e)  Wndows which have special properties or behave in special ways shall
be clearly distinguished visually.

8.5.2 Use of Wndows in nmlitary systens The use of Wndows is becom ng
pervasive in office conmputing environnents, where it has proven to be an
extrenely powerful and effective method. A considerable anpbunt of research
has been devoted to optim zing Wndows for office environnents. In
considering the application of Wndow systems to nmilitary environnents

awar eness and consideration of, the characteristics of the intended user
popul ation, tasks and operating conditions is vital and would need to be
evaluated on early prototypes during the design process

Mlitary operations can differ significantly from office tasks in two
fundanental characteristics:

(a) In office environnments, individual display units are typically used by
a single person at any tine. In mlitary environnments, display units are
often used by nore than one person. The advantage of individua

custom zation of windows to suit an individuals task may therefore not be
appropriate for many mlitary applications.

(b) Mlitary tasks are often highly structured and proceduralized. It
will often be necessary to constrain the extent to which users are given
flexibility over the use of Wndows.

8.5.3 Considerations to be addressed for devel opnent of a W ndows- based
interface are

(a) Wndows should bear a clear and direct relationship to tasks or
obj ects which are conceptually distinct in the user’s internal nodel of the
Task domai n.
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(b) W ndows containing safety-critical information or actions shall be
clearly identified as having a special status. Speci al restrictions on
user interaction with such Wndows may strengthen the perception that they
have a special status.

(c) If the systemall ows a Wndow contai ning data to which a user requires
rapi d access to be hidden, the user should be able to bring that Wndow to
the front of the screen in an active state, with a single keystroke where
possi bl e.

(d) If nmore than one user shares the same display, consideration shall be
given to the inpact which the provision of facilities to custom ze the

di splay to personal preferences or priorities may have on other users of
the same display screen.

(e) If a task is highly structured, proceduralized, or inposes other
constraints on the way a user perfornms the task. Wndows supporting that
task shall reflect the structured nature and constraints of the task

(f) The workload inposed through users being required to organize the

di spl ay area should be m nim zed. The extra effort of manipul ati ng wi ndows
can be a distraction fromthe task in hand, especially if a task requires
information to be held in menory.

(9) Di al ogue activities should be clearly associated with the w ndow to
which they relate

(h) Wien interacting with a system input devices (for exanple, a
keyboard) shall only affect and provide feedback within the active W ndow

(i) The design of Wndow based interaction should provide facilities to
enabl e effective managenent of the screen.

(j) Each Wndow shall be given a unique identifier.

(k) The Wndow currently at the centre of focus for the control devices
shall be indicated as currently active. Any system process which reports
back through another Wndow shall not interrupt any interaction, except
where an error or alarm nmessage occurs

8.5.4 Paging scrolling and panning. Facilities to page, scroll or plan
through data shall be applied consistently throughout an HCl . The

i mpl enentation of these facilities shall be user centred and the resulting
visual effect shall be consistent with conventional stereo-types and user
expectati ons. If the user initiates a scroll, pan or page in one
direction, the displayed data should nove in the opposite direction.

8.5.4.1 In all cases, the visual appearance of the systemshall clearly
indicate the part of the overall data which is currently being viewed. The
di splay shall also indicate the anmobunt of data in each direction which is
not being viewed. \Vhere information within the systemis organized into

| ocal ‘pages’, pages shall be nunbered. Bot h the nunber of the page
currently on display and the nunmber of pages in each direction shall be
explicitly presented to the user.
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8.6 Display fornmats. The format in which information is presented shall
be appropriate to the nature of the data and the user tasks supported.
Common formats include:

(a) Structured data fields.

(b) Free text fields.

(c) Forns.

(d) Tabl es.

(e) Graphical.

8.6.1 Structured data fields. Are designed to support specific data
itens. The visual appearance of a field should indicate the format
required (unless the format is apparent from the task context). Structured

data fields should normally have an associated | abel. The appearance of
field labels shall be such that they are not confused with data fields.

8.6.1.1 Data fields which allow user editing shall be visually distinct
from non-editable data fields. Structured data fields should support the
editing process and should not require users to enter characters which are
predictable from the field format (such as leading or trailing zeroes, or
deci mal points). On conpletion of an edit, structured data fields shall be
val i dated against the expected format prior to the data being accepted by
the system

8.6.2 Free text fields. | npose m ni mum constraints on the format in which
data is entered or displayed. They can minimze the need for training or
fam liarization by making use of everyday | anguage. Di sadvant ages of free
text fields include:

(a) the time required to locate, read and assimlate data can be
significant for conplex information structures;

(b) locating and reading data can suffer interruptions from other tasks;
(¢) it is difficult to provide an overview of the content of the nessage;
(d) there is limted capability to organize the content of nessages to
support scanning or location of related items (although highly stylized
mlitary nessage structures, while requiring significant famliarity, can
hel p overcome this difficulty);

(e) they can require considerable display area;

(f) it can be difficult to provide the user with facilities to perform
processing or analysis of the content of the message.

8.6.3 Forns. Provide a suitable neans of grouping together data fields
and controls related to a specific user task within a single unit. A form
should normally be organized to contain all the information and control
facilities required to perform a single task, or group of related tasks.
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The layout of fields within a form should follow the sequence of operations
involved in performing a task. \Were appropriate, fields should be

organi zed into sub-groups within a form Mul tiple instances of a standard
formmy be used where the sane task is required to be carried out on

different sets of data or real world objects

8.6.4 Tabl es. Provide a well structured and ordered presentation of data
Consi stent location allows users to quickly locate data, and supports the
user in conparing data from different objects

8.6.4.1 Tables can reduce the area required to display |arge amunts of
text or nuneric data, by using a highly structured format with a single set
of field I|abels. Tabl es shall be designed such that columms of data are
clearly distinct, while ensuring visual association between data within any
r ow.

8.6.4.2 Users should normally be provided with facilities to alter the
basis by which data in a table is ordered to support varying task

obj ecti ves. (For exanple, a table associated with a radar-type display

m ght allow the user to choose to order data in the table by range, bearing
or hostility.)

8.6.4.3 The visual appearance of a table, or the section of a table which
is currently on display, should only change as a result of an explicit user
request. Where new data is added to a table, the |ocation shall be
appropriate to the nature of the data and to the user’s task. It may often
be appropriate for new data to be sorted to the correct |ogical position.
Addi ng new data to the top or bottomof a table can be relatively easy to

i mpl ement, but may be inconsistent with user task requirements

8.6.4.4 Tables should provide a visual aid to horizontal scanning by

ei ther grouping rows into blocks of three or four, by introducing a

graphi cal effect such as boxes or lines, or by introducing colour grouping.
If colums of nuneric data are involved, they should be justified on the
deci mal point. If phone nunbers or other standard ordered number sequences
are involved, they should be justified around a consistent point (such as
the end of the STD). Li sts usi ng conpound numbers shoul d show the conpl ete
nunber and not be truncated to the field size.

Di sadvant ages of tabular formats include
(a) detail can be easily mssed

(b) irregularities in data can be hidden by the strong visual simlarities
arising from the highly structured presentation;

(¢) the highly ordered structure limts the ability to present infornmation
relating to a w der context.

8.6.5 Graphical fornat. Consi derations relating to the use of graphica
formats are described in 8.9.

8.7 Information coding
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8.7.1 Information coding refers to the use of a variety of techniques to
carry additional information about a data item Appropriate use of
information coding techniques can assist users in locating data
identifying relationships and adopting appropriate display nonitoring
strategies. Ef fective codes allow users to selectively attend to specific
di rensions of a displayed item \here display coding techniques are used
in an HCl design, the codes shall conmply with clause 7 of this Standard

8.7.2 In all cases, the Design Authority shall be responsible for ensuring
that information coding techniques are applied effectively. Were

conbi nations of related coding techniques are used on a single display, the
extent of training necessary to ensure reliable user performance, and the
degree of reliability of the coding techni ques adopted shall be established
t hrough user testing.

An exanpl e of the use of conbined codes on a single display is nodern Plan
Position Indicator displays. A nunber of itens of information can be
conveyed using a suitable conbination of non-textual coding techniques: the
| ocation of an object on the display indicates its relative position in the
world (typically distance or range and bearing fromthe source), while the
geonetric shape may indicate the type of platform and its col our may
indicate hostility. Bri ghtness can indicate whether the object is
currently being reported on. Blink coding can also be used to indicate

obj ects which are of particular significance

8.7.3 Effective information coding techniques for use in HC design
i ncl ude:

(a) spatial coding

(b) size and shape coding

(c)  colour coding;

(d string length coding

(e) coding by type size and style;
(f) blink coding;

(g) |um nance coding.

8.7.3.1 Spatial coding. I nformati on can be conveyed through aspects of
spatial arrangenent. These include the absolute position of an object, its

proximty to related itens or its angular orientation. On tactica

di spl ays, for exanple, bearing information is directly inmparted by the
relative angle between objects and a source. Information near a digit
string can identify the category to which it belongs (on charts, for
exanple, tide speed is witten beside the synbol for tidal direction). On
PPl displays, the physical proximty between a track synbol and its related
track nunber and identity allows the user to visually associate the two
itens.

8.7.3.2 Size and shape coding. The geonetric size and shape of an object
can be a powerful neans of conveying information about the object. The
nunber of geonetric shapes which can be used for coding purposes depends to
a large degree on the extent to which the synbol "looks like", the item or
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function which it represents. A distinction should be nmade between icons
and other graphic synbols. Well designed icons convey a | arge anmount of

i nformation about the function they represent. They therefore inpose
mnimal requirements on users to learn the associated meaning.
Consequently, the nunber of icons which can be used effectively in an HC
is potentially very |arge

8.7.3.2.1 G aphic synbols generally convey less information than icons and
pl ace a greater requirement on users to learn the associated meani ngs

Where geonetric shape coding is used, and each synbol is required to be
identified without reference to any other, the nunber of synbols in the set
should normally not exceed 15. This limt may be exceeded where synbols
fall into clearly distinct groups, and where the groups can be determ ned
from some aspect of the symbols shape, or where relative discrimnation
only is necessary. The Design Authority shall provided evidence, based on
user trials, of the amobunt of training necessary for representative users
to be able to accurately and reliably discrimnate and identify each synbol
in the set.

8.7.3.3 Colour coding. The three psychol ogical attributes of colour are
hue, saturation and brightness. Col our can present a nore attractive
display to the user, and al so decreases clutter by providing a conpact
nmeans of coding. The use of colour can inprove conprehensibility by
providing a readily appreciable way of distinguishing between different
features and different classes of information.

However the advantage of col our coding over shape coding dimnishes with
practice, even at higher levels of display density, colour coding being
| ess marked as density increased

In a digital chart for exanple, where many colours are likely to be on
di splay at any one tinme, colour can effect the task of searching in two
distinct ways; firstly by directing attention towards the target, and
secondly, by making non-target itens nore or |ess distracting.

8.7.3.3.1 In allocating colour coding values to specific classes of

i nformati on, consideration shall be given to trade-offs between the speed
i ncrease due to object information category being of a known col our, and

the speed decrease as the nunber of colours used in the display increases
particul arly where the colours of the non-targets/background are

het erogeneous or simlar to the target colour.

The function of colour in visual search can also differ depending on
whet her the search is taking place on a global or a local |evel. At a
gl obal level, colour can "pull out" certain features of a display
supporting selective attention. At a local level, colour difference can
facilitate the discrimnation between features which are in close
proximty.

8.7.3.3.2 Consideration shall be given to high edge contrast, continuity
of contour and honpgeneity in the presentation of graphics, as these are
particularly inportant characteristic of a "good figure". Col our can give
these characteristics to an otherw se conplex structure or haphazard
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configuration, acting as a clarifying or unifying element for sane-col oured
features, whilst increasing the visual separability of different-coloured
features.

NOTE: The International Hydrographic Oganization (1987) states that for
map graphics and electronic chart the display requires a maxi num of
22 colours, including 6 different blues for depth shading.

8.7.3.4 String length. Digit string length often gives an indication of
i nformati on category. For exanple, digit strings on charts are normally
between 1 and 4 figures |ong. Speed information is usually 1-2 figures

8.7.3.4 (Contd)

long, depth is 2-3 figures long, bearing is 3 figures long and time is
4 figures |ong.

8.7.3.5 Coding by type size and style. Consi deration shall be given to
the use of styles, fonts and font size to code the data being presented.

Different classes of information nmay be witten in different styles or
fonts. Different sizes of print may also be used. As an exanple, spot
depths on a map display are often presented in relatively small print.

8.7.3.6 Blink coding. Consi deration shall be given to the use of blink
coding to attract the user’s attention to the value or condition of the

dat a. This technique should be reserved to those instances where the
change of state or value of the data being presented is an action
initiating event or an indication of an emergency condition, or where the
user requires to be rem nded about the existence of an object. When used,
the initiation of the appropriate action or acknow edgenent of an energency
condition shall suppress the blink coding.

8.7.3.6.1 Where blink coding is to be used the size of screen area which
bl i nks should be kept relatively small. The blink rate should be between
2 Hz and 4 Hz with 2 to 3 Hz preferred and a minimumon tinme of 50 ms at an
on/off ratio of 50% The selected blink rate should avoid any interference
with the display devices scan rate. If textural data is to be read for
confirmation or additional information, then the blink area should be
associated with, and restated to, a related or adjacent synbol.

8.7.3.6.2 No nore than two different rates should be used to indicate
different coded information. If two blink codes are used then their rates
shoul d be approximately 4 per second and one per second, where the faster
is used for critical information.

8.7.3.7 Lum nance coding. The brightness of objects can be used to convey
sinple categorical information. \Were all objects are displayed in a
single colour, up to three levels of |um nance may be used. On col our

di spl ays, due to the co-variance of brightness and col our, a nmaxi nrum of two
| evel s | um nance codes are recomended.

8.8 Textual infornmtion

8.8.1 Continuous text. Presented at an HCl should be matched to the
user’s tasks and should be in a directly usable format. St andard
conventions should be used for sentence and paragraphs structure.
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Par agr aphs shoul d be separated by at |east one line and use conventional or
formalized punctuation. Text cursors shall be capable of being

positioned at any location indicated by the user, including before or after
any character.

8.8.1.1 The size of characters, spacing between characters and |ines and
style of fonts shall conformto the requirements set out in Part 7 of this
St andar d. Conti nuous text should always exhibit the follow ng
characteristics.

(a)  The main topic of the text should appear at the begi nning of the
sent ence.

(b) Al information required to support a task or activity should be
grouped together. Any grouped data should be arranged consistently

t hroughout the system The presentation of this textual information should
be structured to renove the need for reliance on user nenory.

(¢) A paragraph should be short and contain a single idea.

(d) If non-connected textural information is to be presented

consi deration should be given to applying |ogical groupings. These

groupi ngs can be made by sequence, frequency, functionality, inportance and
al phabetical ly.

8.8.2 Enphasising text. Wiere text or parts of texts require enphasizing,
for exampl e because the represent critical information, techniques for
enphasi zi ng the appearance of the text should be considered. Met hods whi ch
may be used to draw attention to key points in text include

(a) the use of size

(b) the use of bold characters

(¢) the use of extra spacing on either side of the word

(d) by preceding or enclosing the text with special synbol (bullets
arrows etc);

(e) by its position relative to other key display elenents

8.8.2.1 Where techniques, such as the use of capitals, underlining, text
and background colour, flashing and reverse video are to be used

consi deration shall be given to the adverse effects caused by each nethod
on the task efficiency. Table B summarizes the techniques and their
respective considerations.
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Table B

Summary of Techniques for Enphasizing Text

TECHNI QUE CONSI DERATI ONS

Capital s Reduces legibility of text. Should only be used
for headlines key phrases or acronyns. Leadi ng

capitals should be used for the single character
in each word in a title or |abel

Under | i ni ng Reduces legibility if text is closely spaced
Should only be used for headlines or key
phrases.

Text and background See general considerations for colour.

col our

Fl ashi ng Can inpair legibility of text.

See 8.6.2.6 Blink Coding

8.8.2.2 If information is to be entered from paper forns, then the
interface should mirror the paper |ayout. This can greatly speed up the
data entry task.

8.8.2.3 If illustrations are to be used in association with the text, they
shoul d be placed close or adjacent to the corresponding text.

8.8.3 Lnstructions. The presentation of instructions should conform to

t he gui dance and consideration of any text presentation in that they should
be simple, clear, concise, unanbiguous, ordered and structured

Addi tionally, the sequence of the instruction should follow the sequence of
the task. (For exanpl e: "First select the colour of object, then select
the node" and not "Select the npde of operation required" after "select the
col our of object”).

8.9 Non-textual infornmation

8.9.1 Gaphical information. Graphi cal display formats, (such as bar
charts, flow charts, plan position indicator (PPlI) or mmc diagramnms) can
be effective in assisting users to identify relationships between data
items. Graphical displays can exhibit different |levels of abstraction.
Consi deration shall be given to the level of abstraction that best supports
the user’s task.

There is evidence that the task performance for novices and experienced
users during training is directly related to the quality of the schematic
representations of the system

Di sadvant ages associated with graphical formats include:

(i) training can be necessary to ensure that users understand the synbolic
content of the presentation;

(ii) the user requires a high degree of famliarity and understandi ng of
the system or environnment being represented
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The three main types of graphical information are

(a) Representative. Representative graphics include plan position
indicator (PPl) displays, mnmic displays or sinple representations of a
system This format is an obvious choice for applications such as
simulators and trainers. It also finds widespread use in renote nonitoring
stations and control roons.

(b) D agranmatic. Di agrammati ¢ graphics, such as bar charts, flow charts
or mimc diagrams, can allow informati on on spatial and tenporal

rel ati onships to be displayed in a way which maps closely onto the way in
whi ch users mentally represent and think about the data. They can al so be
effective in assisting users to identify relationships between data itens.
There is evidence that the task performance for novices and experienced
users during training is directly related to the quality of the schematic
representations of the system

(c) I conic. I conic graphic are normally used in relation to diagrammatic
or representative graphics to allow the user to assimlate information
about the graphic, whilst not overwhel m ng the graphic wi th unnecessary
detail .

NOTE: The above descriptions of graphics are not mutually exclusive as

di agrammatic icons, representative icons, diagrammatic representations and
representative diagrans can be produced. The distinction nade above is to
allow issues relating to each type to be discussed

8.9.2 CGeneral considerations

8.9.2.1 Drawing speed and order. The princi pal nethods of inplenmenting
graphics in computer systens are Bitmap and Vector inmages. Each of these
techni cal nethods can present the user with problens:

(a) Bitmap inmages can provide near picture quality imges on the display,
but due to longer load tines, can cause |long response tines.

(b) Vector images can be easier to manipulate in software. However
conpl ex images can lead to the user being aware of the draw ng order and of
wi ndow repair and redraw.

8.9.2.2 The speed at which graphical itens are drawn, and the rate at
which the itens are updated, can both affect the effectiveness of graphica
di spl ays. When users can detect the speed at which itens are drawn, the
eye tends to follow the drawing order and end on the |ast drawn object.
This is sonetines referred to as the ‘dynamc eye fall |ocation’

Consi deration shall be given to the inpact this effect may have on the use
of a display. For exanple, in vector inmage displays, advantage can be
taken of this effect to guide the eye to significant |ocations on the
screen.

8.9.2.3 Consideration shall also be given to the rate at which graphics
and data itenms are updated. Updates need to be sufficiently fast to ensure
that displayed data is as current as task requirements denmand. Unsui t abl e
update rates can inpair the user’s ability to extract information fromthe
object, and can be distracting from the task.
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8.9.3 Representative graphics Representative imagery can be considered
as any image reproduced on the display device which is intended to
represent a real world object. Such graphic inmages would include
representation of control panels, maps, and physical system |ayouts.

8.9.3.1 Ceneral considerations. Consi deration shall be given to the
user’s perception of the relative inmportance of displayed objects

Devel oping an appropriate visual hierarchy allows the user to rapidly scan,
interpret and assimilate the |arge anmounts of data. The extent to which
one area has visual precedence over another depends greatly on the contrast
of the edge. In maps, for example, the |evel of edge sharpness can create
a visual hierarchy for area objects within a map.

8.9.3.2 Special consideration for digital map and chart inmgery.

Consi deration shall be given to the presentation of digital map and chart

i mgery to the user, including the apportioning of relative emphasis to the
el ements of subject matter being presented. Cenerally, stimuli perceived
as ordered are interpreted as nore neani ngful

8.9.3.2.1 The International Hydrographic Organization (’Electronic Chart
Di splay Systens’ Draft Proposals 1987), state that, for the present
resolution of even high quality screens, the size of synbols nust be
approxi mately 130% of the paper chart synbols.

8.9.3.3 Consideration shall be given to the wide range of potential users
of digital maps or charts. Users may have a wide and varied range of tasks
which may require execution at various tinmes. Consi deration shall be given
to the coding requirements for individual tasks, recognizing that an

optimal presentation for one task will not necessarily be optimal for

anot her .

8.9.4 Diagrammati c graphics. Di agrammati c i magery can be considered to be
any inmage reproduced on the display device using synthetic graphics which
is not is intended to represent a real world object. Consi deration shal

be given to the pictorial content of any intended imagery, and in
particular, the requirements for primary and enabling information.

Primary information in a graphical inage refers to the information that is
required by the user to undertake their task. Enabling information in a
graphical image refers to the information that is required by the user to
put the primary information in to context.

An exanpl e woul d be a diagram of a hydraulic systemwhere the state of a
valve may be considered to be the Primary information required by the user
while the line that represents the connectivity of the systemis the
secondary information needed to enable the user to put the valve in

cont ext .

8.9.4.1 Diagrammmatic inmges should provide sufficient primary and enabling
information to support the system tasks. \Where pictorial imagery is used
graphi cal conventions shall be applied consistently throughout the system
The pictorial representation of real world objects should be such as to
give it solid fornmns. Single line representations should be avoided, as
they are |ess discrimnable.
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8.9.4.2 Were images are direct representations of physical contro

devi ces, the appearance, operation and dynamcs of the representation
shoul d be consistent with the ergonom c principles contained in clause 7
and 10 of this Standard.

8.9.5 Supporting data. Where user tasks may required nore detail ed
specific information about a diagrammatic object, supporting data may be
presented in conjunction with the intended inmagery in the sanme approxi mate
| ocation (spatial coded) of the graphical object. In this case, the

di splay of information should be under user control

8.9.5.1 Where tasks involve detailed manipulation or interaction with data
about objects which are represented graphically, supporting information and
controls may be presented in a secondary display area. Were two displays

si mul taneously show data relating to one object, interaction with the data

underlying the object on one display should be reflected onto the other.

8.9.6 |lconic graphics. An icon is a small discrete graphical synbol that

is identifiable and neaningful to the user. Icons provide an effective
means of conveying relatively conplex information using a small anount of
di spl ay space. I cons which are appropriately designed and applied can al so

support and increase the speed and efficiency of interactive behaviour.

It is useful to distinguish between five main approaches to the design and
use of icons:

(a) nodification of a repetitive imge
(b) use of culture stereotypes

(c) action synbol

(d) abstract;

(e) object-based

These are represented in table C

Table C

Examples of Icon Styles

Modification of Repetitive Image @ @
N\~ Q L)
Select Data COE D a Delete
Culture Stereotype @ g d
Super Music % check
Action Symbol L_?
Move Object Fill
Abstract n _$
Undo Object
Object Based u +
Alarm Save Object
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8.9.6.1 Designing effective icons requires considerable skills and
experience and should not be underesti nated. For icons to be effective, it
is essential that a strong relationship exists between icon and meaning.
The Design Authority shall provide evidence that representative users can
readily associate the icon with the appropriate neaning. The procedure for
devel opnent and testing shall conformwith ISOD S 9186

8.9.6.2 Consideration shall be given to the selection of the conbination
of icon types. Wilst it is acceptable to mx the types within one system
application of icons to functions shall be clear to the user and consistent
with each other.

8.9.6.3 lcons shall be recognizable in and out of their context of
operation. \Were they are used as the primary neans of actioning a
function, icons should be presented with an associ ated | abel. Where icons
are presented as a shortcut nethod, labelling is not a necessity.

8.9.6.4 Icons should not be used on | ow resolution display devices as the
ability to create recognizable imges is greatly reduced

8.9.7 Abstract geonetric icons. A synmbol set should include a wide
variety of shapes, where each synbol subtends a mininmm of 20 m nutes of

arc at the eye when viewed from the user’s normal operating position and
the stroke width-to-height ratio is 1:8 to 1:10

8.9.8 Pointing cursors icons. Where an HCl requires the user to indicate
positions or nmake selections using a continuous pointing device (such a
tracker ball, Ilight pen or nouse, etc), consideration shall be given to the
design of the pointing cursor. The pointing cursor refers to the
representation on the display screen of the current position indicated by
the pointing device. Pointing cursors shall conply with the legibility and
recognition requirenents of standard icons

8.9.8.1 Pointer cursors together with cursors thenselves shall be easily
seen throughout their novenent across the display device. The cursor can
be made invisible if no novenent is present and keyboard entry is in
progress. To indicate to the user that the system is busy, the pointing
cursor should either flash at 3 Hz or change formto a tinme-out icon.

8.9.8.2 The presentation or dynami c behaviour of the cursor shall not
di stract from other user tasks.

8.9.9 Use of colour. Structure and organi zati on enphasi zes areas or
particul ar types of information as follows:

(a) by increasing the quantity of information which can be represented

(b) by supporting users in selectively attending to or searching for
specific categories of information;

(c) by inproving the realism of a display;

(d) by increasing user acceptance of a display.
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8.9.9.1 The use and specification of colour in HC devel opments shal

conply with the guidance contained in part 7 of this Standard. Users
typically express preferences for colour displays, although it is not

al ways possible to detect performance differences directly arising fromthe
use of col our.

8.9.9.2 In general, colour should be used conservatively and should not
distract from the user’s task.

8.9.9.3 Displays shall be designed and validated for nonochrone view ng.
This means that all the information provided by the systemshall remain
available to the user in the sane visual location if the information was to
be displayed in nonochrone. Consi deration should then be given to the use
of colour to aid the formatting of the display and enhance user

per f or mance. Col our formatting should only be considered as a performance
enhancenent neasure

8.9.9.4 Consideration should be given to the use of colour to enphasize
the |ogical organization of information displayed to the user. For
exanpl e, subtle use of colour can assist in providing structure to tables
of data, and can assist the user in locating selected rows, colums or
cells.

8.9.9.5 Consideration should be given to the use of colour to support user
interaction with displays conprising high information densities. If the
task requires the potential display of large ampbunts of data concurrently,
then col our codi ng should be considered to support the user in |ocating
specific types of data.

8.9.9.6 The use of colour on any display shall be consistent throughout
the system The follow ng rules should be used as gui dance during the
desi gn process:

(a) The nunber of background, foreground col ours conbi nations shall be
l[imted to a set of less than 24

(b) Saturated, high |um nance col ours should be used sparingly. They can
be used on or between dull background tones to enphasi ze aspects and
features

(c) Large areas, background or base-col ours should be unsaturated and of
sufficiently low |l um nance to provide adequate | um nance contrast with
foreground col ours. The background col our should be mai ntai ned across al
rel ated areas of the display.

(d) Large differences in hue are npst appropriate for distinguishing a
smal | nunber of unrelated categories of information. This is because hue
can be readily segregated into categories which can be relatively easily
naned (ie "Red", "Geen"). Saturation and | um nance are | ess appropriate
for unrelated categories

8.9.9.7 The use of colour on any display shall conformto existing col our
coding in the user’s task(s), where these exist, and should convey
traditional expected neanings. Consi deration should be given to the use of
colour in non-standard lighting conditions. If night viewing is required

t he background col our should not be brighter than the foreground col ours.
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8.9.10 Dynanmic information. The appropriate use of graphical display
formats and dynamic techniques to present changing information can greatly
increase the effectiveness of the user interaction with the system

8.9.10.1 Dynanic/static display. The selection of static or dynamc

di spl ays should be representative of the nature of the user’s task.

Dynami ¢ di spl ays should only be used to nonitor or present information of a
dynam ¢ nature. \Were dynamc displays are to be used, consideration shall
be given to presentation devices in order to provide a degree of permanence
to the displayed data.

8.9.10.2 Where dynamic information is displayed, the user’s extra work

| oad should be supported by continuously tracking and nonitoring the
changing state of the display. Consi deration shall be given to the use of
information clarifying techniques such as, track trails, directional
indicators on digital readouts and data freeze/snapshot facilities

8.9.11 Virtual environnments. Virtual environnents are created when
conput er-based systens are used to provide users with artificial
stimulation in three dinensions. They often involve two or nobre sensory
nodal i ti es. These environments also allow users to interact with the
simul ated environment in three dinensions and in nore or |less real-tine.
By nonitoring the users head, body, hand or eye positions the conputer-
system responds to the users behaviour and updates the sinulated
environnent to create the perception that the user is nmoving within the
virtual world.

8.9.11.1 Virtual environnents have been used for a nunber of years in
training simulators, and are now being considered for live applications
Where virtual environnents are to be used, the key visual stimuli of a
given task shall be identified in order that consideration can be given to
the viewi ng distance, makeup and supporting context for each object. The
key stimuli identified should be given priority in any scene nmanagenent to
ensure support for the task(s) takes priority.

9 Physical Interaction

9.1 Ceneral. In developing an HC for mlitary equipnment, it is essential
to address aspects of the physical interaction and environments in which
users are expected to operate the system These considerations will often
produce mmjor issues which influence and constrain an HCl design.

Equi pment to be used on a ship’s bridge, or in a tank, for example, wll

i npose mgjor constraints on the selection of control devices, as well as on
the choice of dialogue style and the way in which information is organized
and present ed.

9.1.1 Wrkplace design

9.1.1.1 Layout of workpl aces. In laying-out workplaces, consideration
shall be given to the organization of individuals into teans and sub-teans,
and requirenents for co-operation in the use of conputer-based systens
which may arise. W rkplace |ayouts should support requirenments for

comuni cati on between individuals and support the allocation of
responsibilities between team nenbers
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9.1.1.2 The environnent. Noi se, notion, vibration and shock, |ight, heat
and cold NBC conditions, baronetric pressure and ventilation, if not
properly considered and controlled, can adversely affect the perfornmance of
manned systens. Parts 5, 6, 7, 8 and 9 of this Standard provide detail ed
gui dance on the effect of environmental factors on human performance.

9.1.1.2.1 At all stages in the devel opnent of an HCl, the Design Authority
shall denonstrate that adequate consideration has been given to the

physi cal environment in which equipnment is to be used. The sel ection of
interactive devices, presentation of information and the design of the
interactive dialogue shall, as far as reasonably practical, ensure that
environnental conditions do not unduly degrade user perfornance.

9.1.1.2.2 In general, high levels of any environnmental stress can affect
the health and safety of individuals. They may al so inpair cognitive
performance, distract attention froma task and may cause users to adopt
less than optimal performance strategies. The following list briefly
summari zes some of the specific issues (not including health and safety
concerns) associated with environnental stressors:

(a) Acoustic noise. Can increase stress, interfere with communicati on and
mask acoustic signals.

(b) Mdtion and vibration. Motion and vibration can cause disconfort, and
inpair the ability to read text and perform manual nanipul ations.

(c) Lighting. The lighting environnent can inpact on the design of
conmputer displays in a variety of ways, including reducing contrast between
di splay elenents, and affecting the levels of |umnance at which displays
wi |l cause visual disconfort. The lighting environment is a principal
consideration in designing colour displays. Di spl ays designed for a
particular lighting environnment (such as white light) may be ineffective
under different |ighting conditions.

(d) Extrene tenperatures. Col d and hot conditions and hum dity can cause
fatigue and nmake it difficult for users to concentrate. The potenti al

i npact of protective clothing including the NBC I PE on nobility and the
respirator on visual capabilities should be addressed.

(e) Baronetric pressure. Consi deration shall be given to the effect of
baronetric pressure on human performance. For exanple, high altitude
effects such as hypoxia can have adverse affects on perfornance.

(f) Ventilation. Consideration shall be given to the quantity, quality
and velocity of ventilation in the workplace/space. The air flow shall not
be directed to the rear of the user,and shall be, where practical, directed
to the front of the user.

9.1.1.2.3 Conbined stressors. Consi deration shall be given to the effects
of conbi ned stressors {such as high I evels of noise and vibration which my
occur in cross-country vehicles). For further information see part 5
section 14.
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9.1.1.2.4 The Design Authority shall denobnstrate that consideration has
been given to environnmental issues in the selection, development and
evaluation of HCl devices and the devel opment of HCI designs. Wher e
necessary and justified by the potential inpact of environnental issues on
the effectiveness of an HCl, wuser trials shall be carried out under
realistic environnental conditions as part of the system evaluation
process.

9.1.2 Wrkstation design. The design of workstations to support conputer-
based work shall conply with the guidance provided in clause 4 of this

St andar d. | SO 9241 clause 4 specifies requirenents for the |ayout of
workstations in office environments.

9.1.2.1 Wirkstations and consoles. Wor kst ati ons and consol es shall conply
with relevant Health and Safety legislation, with the guidance w thin
clause 4 of this Standard and, where applicable, with the requirements
contained within |1SO 9241.

9.1.2.1.1 Wrkstation |ayout. Users shall be able to |locate the npst
frequently used control devices with a miniml anmbunt of visual guidance.
Repetitive groups of controls should have similar spatial arrangenents.
For further information see part 4 of this Standard.

9.1.2.1.2 Prol onged usage. Prol onged operating periods, particularly
under one or nore environmental stresses, including the effects of sleep
loss can inpair nmental and physical capacities. In the design, selection
and inplenmentation of HCl workstations and devices, consideration shall be
given to the potential inpact of prolonged operating periods on user

per f or mance. Aspects such as dynam c nuscle |oading, and the speed and
accuracy of locating and nanipulating control devices and performng
critical dialogue tasks shall be addressed. Vi sual degradation including
eye strain, repetitive control operation of data entry devices such as
keyboards shall be avoided by providing VDU operators with satisfactory off
wat ch keeping periods (see clause 10.7).

9.1.2.2 Hand held termnals. Wiere hand held terminals are to be used,
consideration shall be given to the size, weight and shape of the device,
to ensure they are appropriate to the user population, conditions of use
and tasks to be perforned. Consi deration shall be given to the design of
the interactive software of such devices to ensure they are appropriate for
use in the expected conditions and environnments. For exanpl e, hand-held
term nals intended for use on ships may require operation in heavy seas
whi | e standi ng. The illum nation of the screen area may also require

speci al consideration.

9.1.3 Protective equipnent constraints. Consi deration shall be given
t hroughout the design process to constraints which may ari se through the

wearing of protective equipnent or restraints. Equi prent to be consi dered
shoul d cover, for exanple, NBC clothing and conbat body armour, fire safety
equi pnent, in service respirators, breathing apparatus or constraints

i mposed through safety harnesses and seat belts. This shall take into
account restrictions on body novenent, manual dexterity, vision, and the
mobility and agility of the user when wearing such equipnment. \Where
protective equi pmrent may be worn while using the equipnent, this shall be
replicated during the process of validating the HCl design.
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10 Logical Interaction Dialogue Styles

10.1 Di al ogue style. The term "interaction", in the context of HC,
refers to the twd-way exchange of information and comands between a
conputer system and its hunman users. Thi s section provides gui dance and
reconmendati ons on the principal dialogue styles used in nmilitary HC s.
The di al ogue styles addressed are:

(a) Question and Answer.
(b) Form Filling.

(c) Menus.

(d) Command Language.

(e) Query Language.

(f)  Natural Language.
(g) Direct Manipulation.

10.1.1 Selection of dialogue style. The selection of dialogue style shal
be based on considerations including:

(a) the skills and experience of the target user population and the
maxi mum anount of training expected to be required to achi eve conpet ence;

(b) the nature of tasks to be perforned. This includes the extent to

whi ch the sequence of user actions and format of user inputs is structured
by task constraints, and the levels of speed, accuracy and reliability
required

(c) the nature of the interactive technol ogy available, including the size
of display area provided and the control devices avail able;

(d) dialogue style should be tested early on in the design process on a
prototype system

(e) the nature of the systens and environment in which the HCl is required
to be operated (systems for use in air, land or sea wll each inpose
different constraints on the choice of dialogue style).

10.1.1.1 The results of the considerations in the selection of dialogue
style shall be documented in the HCl Design Rationale docunent.

10.1.2 M xed di al ogues. A single HCI will often involve a nunber of

di al ogue styl es. Formfilling interfaces, for exanple, often use nmenus as
a neans of providing access to system functions or, where fields can only
accept data, froma linmted set of options. Simlarly, a direct
mani pul ation style of interface can often involve elenents of nenus, forns
and conmmand | anguages. The selection and m xture of dial ogue styles used
in a design shall be appropriate to the target user group, their task
objectives, and for the detail ed dial ogue tasks necessary to achi eve those
obj ecti ves.
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10.1.2.1 Where m xed dial ogue styles are used,
this clause shall be applied as appropriate
10.1.3 Table D summarizes the principa
t he dial ogue styles.

each of

Table D

Summary of
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the gui dance provided in

advant ages and di sadvant ages of

Di al oqgue Styles

STYLE

ADVANTACES

DI SADVANTAGES

Form Filling

Can sinplify data entry
Requi res nodest training
Shows context for activity

Al'l ows good mapping to task
structure

val i dati on of
sequences

Supports |oca
data and i nput

Can consume screen space
Requires typing skills

Requi res good screen design

Question and
Answer

Good for novice users

Reduces training requirenent
Supports structured decision

meki ng

CGenerally requires nore
keystrokes than other
styl es

Is generally slower

Menus

Support novice users

Requi res nodest training
Can reduce keystrokes
Structures decision making

Constrains input to valid

options

Avai | abl e options can be

tailored to current valid
sel ections
Reduces user error handling

requi renents

Makes system facilities
vi si bl e

Sl ows interaction
particularly for
experienced users

Can consune screen space

Can require rapid system
responses

Nam ng of menu options,
design of nenu content and
navi gati on structure non-
trivial
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Visually represents the tasks

Table D - Concl uded
STYLE ADVANTACES DI SADVANTAGES
Command Supports flexibility in user Requi res substantia
Languages i nteraction trai ni ng
and Supports wuser initiative Difficult to renenber
infrequently used commands
Query Potentially rapid for conplex
Languages t asks Requi res sophi sticated
error handling
Nat ur al User does not need to learn Usual ly requires
Language synt ax clarification by further
i nteraction
Allows user to think directly
in task domain Cenerally requires nore
keystrokes
Reduces training
Cont ext can remai n hi dden
Potentially powerful,
particularly when conbined Can inply a causality
with direct voice input
Can i npose unexpected
constraints on users
Errors can be difficult to
det ect
Technol ogy i nmature with
few current applications
Di rect Close relationship between Experi enced comuand
Mani pul ation ([tasks, wuser abilities and HCl | anguage users often

experience difficulty
transferring to direct
mani pul ati on interfaces

Can be easy to learn and (due to a lack of object-
retain ori ent edness)
Errors can be mnim zed Requi res correct
i dentification of interface
Can encourage exploration nmet aphor
Hi gh Subjective satisfaction
10.1.4 Form filling. Formfilling interaction should be considered when a

di al ogue task involves a high data entry conponent and where flexibility is

required in the way in which the user
supports the simultaneous and structured presentation of
as the inclusion of optiona

control s,
not

as wel |
be required to reach occurrence of

t hat
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10.1.4 (Contd)

The presentation of data and functions in forns allows novice or noderately
trained personnel to access the functionality and data in the system

wi thout incurring high error rates. The conputer response can, however,
appear to be slower than a command driven system

10.1. 4.1 Formfilling dial ogues should exhibit the foll ow ng
characteristics:

(a) Meaningful titles. Each form shoul d have a neaningful title.
(b) Visually appealing. The layout of the form should be visually

appealing and should be graphically bal anced

(c) Visually distinct fields. Al fields shall be visually distinct.
Data fields shall be visually distinct from | abels. Data fields which
users can edit shall be visually distinct from non-editable data fields

(d) Logical grouping and sequencing of fields. Each form shall present
its contents in a logical and sequenced order that supports the user’s

t asks. The layout of fields in a form should be such that data entry flows
in a logical sequence, and is matched to the user’s tasks and goals.

(e) G oup headings. Fields that are related to a single sub-task or
activity should be related by a field group heading. Field group headi ngs
should be spatially or graphically related to the group. For exanple, the
use of a containing box with the heading centred at the top

(f) FEield Iabels. Each field within a form shall have a |abel which,
through its positioning or appearance, clearly relates to the associated
field. Field | abels shall use termnology famliar to the user. VWer e
speci al term nol ogy, abbreviation or acronynms are used, these shall be
consi stent throughout the whole system

(g) Labels for equipnment or tactical units shall use the nanes by which
users are expected to refer to the equipnment or unit in normal speech.
Where abbreviations are used, they should follow the guidance contained in
clause 7 of this Standard.

(h) Where the units required to be entered into a data field nmay not be
obvi ous, the expected or default units shall be indicated by a follow ng

| abel .

(i) The labelling of control or action fields should clearly describe the
action supported. \ere units of neasurenent are to be entered, a
secondary | abel shall be placed adjacent to the field. This | abel should
conform to the accepted standard of measurenent used by the users

(j) Related fields. Fields which are logically related (for exanple,
because the range of data which is acceptable for the field depends on the
value of data in other fields in the fornm shall be grouped together,
behave simlarly and support interaction as a logical wunit.
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10.1. 4.1 (Contd)

(k) Convenient cursor novenent. The method of noving quickly and
conveniently between the field areas with the cursor presented to the user.
On conpletion of editing a field, and where fields can be expected to be
edited in a pre-defined sequence, the cursor should automatically be re-
located to the next logical field in the sequence. The cursor shal

clearly indicate the current edit point.

(m Conprehensible instructions. Each form shall present the user with a
conprehensi bl e set of instructions to guide the user in conpleting the
form Clear, concise pronpts should normally be available for each field
unl ess the content or effect is clearly obvious fromthe context, field
content or field |abel. For data fields, prompts should indicate the type
format and, where necessary, constraints on the data required. The cont ext
and expected content of each field shall be indicated. For control or
action fields, pronpts should indicate the effect of selecting the field.

I nstructions should describe the consequences of critical actions.

(n) Default data. Data fields should contain default data wherever

| ogi cal defaults can be identified. Users should not be required to enter
redundant data, undertake any data bookkeeping or enter the same data

tw ce.

(o) Data field editing. The point at which an edited field replaces
exiting data in the systemshall be clear to the users, and shall involve a
di screte action by the user (such as pressing an Enter key). Until an edit

is comrtted to the system users shall either be able to see both the
original and the edited data, or be provided with a sinple nethod for
returning to the pre-edited data. Where a field contains data which has
been edited, but is not yet in the system the edit status of the field
shall be apparent from the visual appearance of the field.

(p) Alternate edit nethods. As far as possible, alternate nethods of
editing data fields shall be provided. For exanple, these nay be by
typing, by menu selection or, in a direct nanipulation interface, by

pointing at the object from which data is required

(q) Error correction. The user shall be presented with a nethod of error
correction for individual characters and entire fields. The visua
appearance of fields which are detected as being in error shall be obvious
and differ from the appearance of a non error field.

(r) Error nessages. The user shall be presented with error nmessages for
unacceptabl e values entered into the form Messages shoul d be presented on
conpletion of editing a field, wherever |ogically possible, rather than on
conpletion of the form Validation should, where possible, be conpleted
before the user is permtted to advance to the next entry.

(s) Optional fields. Where option fields are used to support enhanced
operation, the user shall be nade aware that they are not essenti al

10.1. 4.2 Formfilling dialogues shall conply with |1SO 9241, clause 17 so
far as considerations of mlitary applications allow
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10.1.5 Question and answer. Interfaces can be viewed as a special case of
formfilling interfaces. This style of dialogue is suitable where routine
data entry tasks are required to be perforned by inexperienced users
Considerations for form filling interfaces shall apply where they are

rel evant.

10.1.5.1 In general, the major difference between question and answer
interfaces and form filling interfaces is the reduced |level of control the
user has over the dial ogue sequence and the level of guidance which is
provi ded. The interface should provide the user with the facilities to
backtrack, abort, exit and where practicable, accept default settings

10.1.5.2 Consideration shall be given to the |evel of guidance or

expl anation provided by the system particularly where users may not
understand the context or reasons for questions. This should be assessed
against the user profile and task needs.

10. 1.6 Menu di al ogues. In general, a nmenu dialogue style occurs in any
situation in which a user is allowed to select one or nore options from a
range of valid alternatives. Menu di al ogues shoul d exhibit the foll ow ng
characteristics:

(a) Use consistent term nology. Term nol ogy in menus shall be consistent
and neaningful to the intended users. The nanes of nenus should clearly
indicate the options contained within the nenu. Menu nanes shoul d be based
on the |anguage, expectations and training of the target user populations
as specified by the custoner.

(b) Present the |ocation. The design and appearance of menu hierarchies
shall be such that the user is always aware of their current location in
the overall nenu structure

(c) Oganization of nenus. The content of nenus, structure of the menu

hi erarchy and nam ng of nenu options shall be based on an understandi ng of
the organi zation of user tasks. For exanple, where nmenu itens form natura
or conventional groupings, or form groups which users can be expected to
know, then itens should be organized according to these groupings

(d) Use a broad, shallow structure. Menu hi erarchies should be broad and
shall ow rather than narrow and deep. Where a hierarchical nenu structure
is necessary, users shall be provided with a clear indication of the
current position in the hierarchy. Wthin a hierarchical menu structure, a
single key action shall return the user to the level above

(e) Allow shortcuts for experienced users. The functions presented by the
menu shoul d be accessible by alternative short cut nethods to enable

experienced users to bypass sequences of menu sel ections. Where menu
selection is undertaken by code, the code should be:
- entered into a standard way

- consistently allocated throughout the system

- aletter which is easily related to the name of the nenu option (eg X for
exit)
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10.1.6 (Contd)

(f) Show options not currently available. The presentation of functions
and options should show any options not currently available within the
present node or state.

(g) Provide a consistent starting point. The presentation should all ow
the user to start the selection process from a consistent point.

(h) Provide rapid access to common options. The nost commonly used
options or groups of options should be placed near the position where the

cursor is located when the user enters the nenu.

(i) Alow access to the main nenu. Where a main nenu exists, it shall be
accessible to the user at all tines.

10.1. 6.1 Menu dial ogues shall conmply with 1SO 9241, Part 14 so far as
considerations of mlitary applications allow

10. 1.7 Comrand | anguages. Command | anguages provide nore direct access to
a systenmis functionality than other dialogue styles. They provide a
powerful and flexible neans for experienced users to interact with a system
rapidly, with a mnimm of constraints. They can, however, require

consi derabl e |earning and experience.

10.1.7.1 Command | anguage di al ogues shoul d exhibit the follow ng
characteristics:

(a) Entry area. An appropriate entry area should be provided to allow the
user to enter and visually confirm the command before actioning it.

(b) Be tolerant of mis-spelling. The mis-spelling of commands shoul d not
cause errors through msinterpretation, through failure to execute a
command, or through failure of the systemto accept a sequence of comrands.

(c) Nam ng. Command nanes shall be unanbi guous and shoul d refl ect both
user tasks activities and user understanding of the operation of the
system

(d) Abbr evi ati ons. The system shoul d support the use of abbreviated
commands. This can be achieved by either dynam c interpretation of the
command on entry or by the use of predefined codes.

(e) Non-recognition. If the system fails to recognize a conmand, a
clarification nmessage should be presented, with an indication of the nost
probabl e comrands and their meanings.

(f) Upper and | ower case. The system shoul d not discrinnate between
upper and |ower case comands.

10.1.7.2 Conmand | anguage di al ogues shall comply with 1SO 9241, Part 15 so
far as considerations of mlitary applications allow
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10.1.8 Query |anguages Are a specialized formof command | anguages w th
a dedi cated donmin of operation. Query languages are often used in

dat abase systens where user’s tasks involve locating specified itens of

dat a. Query | anguages assist users in developing strategies for |ocating
the required information. They are typically m xed dial ogues involving
conbi nati ons of menu selection, formfilling and comand | anguages and
direct manipulation. Were a query |language is used, considerations for
ot her dial ogue styles shall apply where they are relevant.

10.1.8.1 Particular consideration shall be given to nmethods of supporting
and guiding users in formulating search strategies. Sui tabl e techniques
can include:

(a) displaying all the strategy nodes attenpted and allowi ng the user to
return to any node to apply a different strategy or

(b) enbedding a tenplate of a strategy into the system to allow the user
to query at a higher |evel

10.1.9 Natural |anguage dial ogues. By exploiting everyday |anguage as the
neans of comunication between users and a system natural |anguage

interfaces are potentially available to users with little or no prior
training or experience, providing inmediate access to a systenis data and
functionality. Currently, natural |anguage technologies are not yet mature
and have few general applications. However, natural |anguage dial ogues
have been used successfully to allow users to formulate queries on database
syst ens. The extent of application of a natural |anguage interface depends
on the size and sophistication of the vocabulary and |anguage processing
capability provided by the system

10.1.9.1 Natural |anguage di al ogues should exhibit the follow ng
characteristics:

(a) Task conpatible vocabul ary. The extent of the vocabul ary understood
by the system shall be sufficient to support user tasks and allow
flexibility in the users input. The system should be capabl e of
interpreting the neaning of words from the context both of the genera
interaction, and of the immediately associated words

(b) Task conpatible granmmar. The extent of the grammatical interpreter
enbedded in the system shall be sufficient to support the expected user

popul ati on.

(c) Task semantics. Both the conputer and task semantics should be
represented in a logical and structured way.

(d) Cdearly defined domain The scope of the domain in which the system
is capable of interpreting user inputs shall be clear from the context of
the interaction and design of the HC.

10.1.10 Direct nanipulation. Direct manipulation interfaces allow the
user to interact with and nani pul ate objects and data, using basic
perceptual -notor skills. They minimze the need for users to learn or use
special skills or abstract nethods to manipul ate data or objects. oj ect s
and data are presented and behave in a manner which is directly
representative of real-world appearance and behaviour.
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10.1.10 (Contd)

Direct manipulation interfaces are typically based on visual netaphors or
the real world. Met aphors are a powerful neans of conveying and supporting
users in developing an appropriate conceptual nodel of the system Direct
mani pul ation interfaces are generally appropriate for applications which
have a strong visual element or involve reasoning about, or nanipul ation
of, spatial relationships between objects. They generally do not suit
tasks that principally involve abstract or 1ogical reasoning. Direct
mani pul ati on di al ogues do not necessarily require a G aphical User
Interface (CGU).

10.1.10.1 Direct manipul ation di al ogues should exhibit the foll ow ng
characteristics:

(a) The design of the interface should be based around objects which are
meani ngful to users in the context of the HCI tasks they are required to
perform

(b) Present visualization of objects. bj ects which users require to
interact with shall be represented visually.

(c) The facilities and nmethods by which users interact with data in the
system should relate closely to the basic perceptual -notor abilities and
skills of the users, and to the nature of the physical and cognitive tasks
users are required to perform

(d) Rapid actions. The user shall be presented with a mechani sm that
allows rapid i ncrenental and reversible actions by mani pul ating the objects
presented in relation to one another.

(e) Visible results. The effects of user actions on the interface shal
be represented visually.

10. 1. 10.2 Where possible, the visual representation (sinulation or

met aphor) and net hods of manipulating the interface should conformto a
coherent and consistent view of the real world and should reflect user
obj ecti ves.

10.1.10.3 GCesturing. The use of physical gestures can be an effective
met hod all owi ng users to execute functions and achieve results which are
difficult or conmplex to express in concrete ternmns. Gesturing requires the
systemto interpret continuous spatial movenments of a pointing device in
terms of system functions. For example, the gesture can be used to
represent the function "Delete". The gesture could instruct a function to
sel ect or apply a defined operation to all objects within the area

i ndi cat ed.

10.1.10.3.1 Gesturing has been shown to be effective with dedicated
trained users, though it is less suitable for novices. Were gesturing is
used then the set of gestures supported should conformto stereotypes in
the user popul ation.

10.1.10.4 Direct manipul ation di al ogues shall comply with |1SO 9241
Part 16 so far as considerations of military applications allow
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10.2 Error handling. Systens shall be capable of detecting errors of data
or logic in the dial ogue. Error messages shall be expressed in text format
using clear, sinple language, unless a nore informative non-textual format
has been denonstrated as nore effective. Error messages shall be designed
to ensure that the user is clear as to which part of an input led to the
error. Wen nultiple errors are covered by a single measure, the error
message and associ ated visual effects should identify all errors covered by
t he nessage

10.2.1 The content of error nessages shall be kept as short and concise as
is consistent with ensuring that users are clearly aware of the error.

Users shall not be expected to refer to user manuals to interpret comon
interaction errors. Al error nmessages shall, however, be included and
expanded upon in the system docunentation and in on-line help facilities
where they are provided. VWhen an error is detected, the system shall
informthe user of:

(a) the nature of the error;
(b) where it occurred,
(c) howto resolve it.

10.2.2 Errors may be shown as coded references where the error detected
has not arisen as a direct consequence of the user input, or where the
error is due to a fault in system hardware or software

10. 2.3 The status of error nessages shall be clearly identifiable through
their visual appearance, |ocation or behaviour. Wiere possible, error
nessages should be positioned in close proximty to the itemin error, or
close to the user field of view \ere this is not possible, error
nessages should be presented in a consistent |ocation. Techni ques for
attracting user attention to error nessages should be used where the

| ocation of an error message may fall outside the user’s prinme viewng

ar ea.

10. 2.4 The system response should ensure that errors of data or dial ogue
are detected and indicated to the user before the user is pernmtted to
progress to the next phase or step in data entry.

10.3 Text handling. Methods of text handling shall be considered and
related to the objectives of user tasks. Text and data shall be protected
agai nst unintentional data loss, and allow recovery in the event of

acci dental corruption. These neasures should be automatic where possible,
and activated through explicit and consistent user action.

10.3.1 In the event of an action threatening data security, the user shal
be warned by the use of a Message Dialogue Box. Consideration shall be

gi ven to nethods of handling all predictable control entries, including the
handling of incorrect control entries

10.3.2 Text entry. During text entry design consideration shall be given

to the variety of order and alternative formats in which the user may
require to input text.
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10. 3.3 The system shall provide facilities to allow the user to handle the
data quickly and easily. These facilities shall reduce the need for
retyping of data and shall mnimze reliance on particular fornmats while
entering data. Consi deration shall be given to the techni ques such as ‘ Cut
and Paste’, ‘Drag and Drop’ of data objects and the context selection of

dat a.

10.3.4 Users shall be provided with the foll owi ng keys to support text
entry

(a) backspace without deleting a character;
(b) delete the previous character;

(c) cursor keys;

(d) end and home keys,

The effect of each of these keys shall be clearly defined and visually
apparent.

10.3.5 Standard word processing features. Wiere an HCl provides
facilities for user entry and mani pul ati on of continuous text, standard
word processing features shall be provided. These should nornally include

(a) facilities to insert and delete text at any | ocation selected by the
user;

(b) facilities to select areas of text from individual characters, words
sentences, paragraphs or larger units;

(c) facilities to search for specified itens of text, and to search and
replace specified itens of text. As a mininum search and replace criteria
shall be able to be specified as text strings

(d) word-wap shall be automatic, keeping whole words intact;

(e) users shall be able to specify the size of a page, and insert page
breaks as required. Pagi nati on shall be autonatic;

(f) unl ess otherw se specified, continuous text should nornmally be
left-justified

(g) pre-defined standard formats should be provided

(h) on conpletion of an edit, users shall be able to specify whether to
save changes as a new docunent or as changes to an existing docunent;

(i) users shall be able to edit text wi thout having to select a separate
text editing node.

10.4 HCl response tines. The term ‘HCl response tinme' refers to the tine
del ay between the end of a user input and conpletion by the system of the
associ ated operation including displaying the result. The term does not
cover the tine taken for the user to performthe actions |leading to the

i nput (these can be terned °‘dialogue performance time’). The main issues
affecting the acceptability of HC response tines are
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10.4 (Contd)

(a) user expectancy;

(b) consistency/variability;

(c) conpatibility with task requirenents.

10. 4.1 User expectancy. The absolute HCI response tinmes which users wll
find acceptable depends to a large extent on their expectations. User
expectations are based on experience both with the particular system and
with other simlar systens. Expectations also depend on user perception of
the difficulty of the task the system has to perform For operations
perceived as trivial (such as displaying a character in response to a key
press), any delay which interrupted the flow of action or thought would be
likely to be considered unacceptable. For operations which are perceived
as requiring the systemto do sone "work", users expect and wll| accept
some del ay. The length of delay which will be considered acceptable
depends on the perceived conplexity of the "work".

NOTE: The users perception of the difficulty of a system task can be very
different from the actual processing effort involved. For exanpl e
changing range on a radar display or sorting a table of data nmay be
perceived by a user as "sinple" HC operations. However, such operations
can inpose a considerable load on the system and are unlikely to be

conpl eted "inmmediately"

10. 4.2 Consi stence/variability. The variability in the time it takes a
system to respond to a single operation on different occasions is alnost as

important as the absolute delay on any one occasion. Variability shall be
less than half of the average tinme to conplete an operation and should be
no nore than 15% of the average tine.

10.4.3 Conpatibility with task requirenents. HCl response tines shall be
conpatible with task requirenents. There is generally an upper limt

(between about 0.1 and 0.2 s) beyond which users will be unlikely to notice
or be affected by variations in HCl response tines. There is little to be
gai ned by increasing response tines beyond this limt.

10.4.4 Sonme HClI tasks require nore or |ess continuous interaction and
demand high levels of concentration. Any systeminduced delay which
interrupts the continuous flow of such tasks is likely to be seen as
unaccept abl e. Tasks of this type can be expected to require response tines
of less than 2 s for the great mgjority of operations

For tasks which are inherently intermttent or occasional, and where the
user does not use the system interactively, |onger response tinmes are
likely to be acceptable.

10.4.5 In all cases, if the HCl response tinme is likely to exceed nore
than approxi mately 2s, the system shall display an acknow edgenent that the
operation is in progress. If the delay is likely to exceed 15s, an

i ndi cation of delay shall be displayed. If possible, the current state of
the operation or the estimated tine to conplete should also be displayed

Tabl e E summari zes considerations relating to gross ranges of HCl response
tines.
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10.4.5 (Contd)

Table F indicates HCl response tinmes which users will usually find

accept abl e.

Table E

Summary of Gross Ranges of HC Response Tines
(after Boff and Lincoln, 1988)

RANGE( S) CONSI DERATI ONS

<2 Normal range of response tines for nost interactive tasks.

2to5 Too slow for continuous tasks requiring high | evels of
concentrati on.

5to 15 Too slow for interactive dial ogue.
Frustrates users in problemsolving and data entry
activities.
Long enough to allow the user to performother tasks while
wai ting for the system to respond.

>15 Too slow for conversational dialogue.
Message of expected delay should be displayed.
User should be able to return to observe results w thout
affecting or delaying other system processes.

Table F
Exanples of HCI Response Tines Which WIIl Usually be Acceptable

TI ME ACTI ON - DI SPLAY

<50 ns From novenent of pointing device to movement of cursor or
mar ker .

100 nsecs Pressing a key to character being displayed.

200 nsecs Sel ection of displayed object (field, button, nenu option)
to object appearing as selected.
Sel ection of menu header to menu being displayed.
Sel ection of scroll button to conpletion of scroll of one
line of text.

1-2s Conpl etion of user input to display of error indication.

2s Request for next page of information to conpletion of one

page change.
Conpl etion of user input to conpletion of sinple process.

Conpl eti on of display manipul ati on request to conpl etion of
di spl ay change (eg open a w ndow, Zoon).
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Table F - Concl uded

Exanpl es of HCI Response Tines Wich WII Usually be Acceptable

TI ME ACTI ON - DI SPLAY
5to 10 s Conpl etion of user input to conpletion of frequently
performed conplex operation.
>10 s Conpl etion of wuser input to conpletion of infrequent,
conpl ex process.
15 -60 s Request for loading or restarting. Formatting a diskette
10.5 User support. User support facilities, including on-line help, shall
be provided as an integral conponent of the system User support
facilities shall include, as a mnimum appropriate Pronpts and Error

nessages, User Manuals, and may include on-1line HELP. Requi renents for
Pronpt and Error Messages are covered el sewhere in this clause.

10.5.1 On-line help. O-line help facilities shall not sinply be

i npl enrented as an on-line version of a user nmanual. Help facilities shall,
as far as possible, be context sensitive and shall be accessible to the
user at all times, unless the systemis in training node. In training

nodes, the availability of Help should be at the discretion of the training
i nstructor.

10.5.1.1 Where it is provided, on-line help shall provide the user wth
the ability to:

(a) access infornation appropriate to the current selection, displays or
part of the system with which the user is currently interacting;

(b) access information on specific topics based on a key word search;

(¢) view an index of topics;

(d) obtain information on how to carry out specific dial ogue tasks;

(e) obtain access to a dictionary of abbreviations and acronynmns.
10.5.1.2 Each separate itemin the Help facility shall provide the user
with relevant infornmation on the topic addressed. As far as possible,
information shall be structured such that it is based around user tasks or
el ements of the HC.

10.5.1.3 The presentation of Help statements shall be such that the user
can view the contents whilst interacting with the dialogues to which it
refers. In conplex situations, Help statenments should reference other

rel evant material, such as the user manual or training material.

10.1.5.1.4 All material presented within online Help shall also be
avail able in supporting system docunentation.
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10.5.2 Help and error nessages. Shall be constructed to support and
educate the user in regard to the systemarchitecture and functions and
should be structured to take account of user know edge. The presentation
of messages shall be informative, positive to the user (Active Voice),
meani ngful, presented in a sinple structure, and conplete (requiring no
addi ti onal searching).

10.5.2.1 Each nessage shall contain information at a mnimum of two
levels, with the first |level being a sunmmary, and the second providing
detail ed descriptions and instructions to guide appropriate user actions.
Where the message is related to an error, the second | evel should provide
information instructing the user how to correct the error.

10.5.2.2 Error nessages should be structured as foll ows:

(a) General principles, and information relevant to the w der context
whi ch users may need to | earn about the systemor HCl, should be at the
begi nni ng

(b) Explanation of the specific topic, where necessary, should be in the
m ddl e

(c) Itenms to be recalled to resolve the i medi ate i ssue should be at the
end.

10.5.2.3 If an error requires a conplex set of instructions to correct it,
then it shall be possible for the user to view and carry out the
i nstructions sinultaneously.

10.6 Multi-user systens. Where users work in teans, or conduct separate
tasks using an integrated system consideration shall be given to the
addi tional conplexities which may arise from team worKking. The system
shoul d support the co-operative working of users by providi ng mechani sms
that assist the goal and objectives of the co-operative tasks

10.6.1 Consideration shall be given to the conmmunication requirenents
bet ween users. Consi deration should be given to the introduction of

met hods to support the sharing and transm ssion of information within the
system

10.7 Safety critical systens. Thi s cl ause provides an overview to the
maj or HCl related considerations of a safety critical system For further
i nformati on regarding safety critical systens, refer to Def Stan 00-55 and
Def Stan 00-56.

10.7.1 Operator workl oad. The Design Authority shall assess the risk that
errors occur as a result of excessive workload. This consideration wll
include but not be limted to:

(a) The user’s non-HCl tasks

(b) System objective driven tasks and activities

(c) Screen nmmnagenent activities.
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10.7.1.1 Where operator workload is identified as representing a
significant risk to the systemis operation requirenments, consideration
shall be based on a systenmatic workload anal ysis. It shall also be
explicitly addressed during user trials.

10.7.2 Operator reliability analysis. Appropriate activities for

identifying and evaluating the reliability of user interactions with the
system shall be appli ed. This may include assessnent of the probability of
each type of user error occurring, and the potential consequences. Thi s
consideration will include, but not be limted to:

(a) Comunication with other users.
(b) Assessnent of data presented to the user.

(c) I nconsi stenci es between system and users conceptual models of the
system

(d) Task errors.
(e) Activities errors.

10.7.2.1 To ensure that the appropriate level of integrity has been built
into the system consideration shall be given to the consequences of an HC
error. This consideration shall include, but not be limted to:

(a) Error recovery activities.
(b) FError recovery tinmes.

(c) System conmitnent.

(d) Potential secondary errors.

10.7.3 Where it is required, the consideration of human reliability shall
be based on a systematic analysis that identifies, quantifies and

categori zes potential user errors. This analysis shall be related to the
anal ysis of HCl -induced worKkl oad. Met hods for assessing human reliability
are described in Kirwan (1993).

11 Support Facilities

11.1 Enbedded training. Consi deration shall be given to the integration
of enbedded training functionality into the system For further
information see Defence Standard 00-25 part 14 (Guidance on Training and
I nstruction).

11.1.1 Wiile in training node, users shall be nmade aware that training
node is active. This will be done in a clear and unanbi guous manner.
Failing to ensure user awareness of training node activity can inpact on
the safety and integrity of the system

11. 1.2 Consideration shall be given to handling real alerts while in

trai ning node. The status of real system alerts which are presented to
users in training node shall be unanbiguously identifiable.
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11.1.3 The system shall provide the training supervisor/instructor with a
means to view gl obal scenario data as well as the data being presented to
i ndi vi dual trainees.

For further information regarding training systems and the training needs
anal ysis process refer to Def Stan 00-25 clause 14.

11.2 System docunentation. Consi deration shall be given to the
production, content and presentation of the docunentation provided with the
system

The user docunentation should be in a different volune to the system
docunent ati on. The structure of the documentation shall follow the

envi saged tasks to be undertaken by the users of the system This will
include, but not be limted to the follow ng sections:

(a) Start up.

(b) Key concepts.

(¢) Task procedures.

(d) Explanation of errors.

(e)  Maintenance.

11.2.1 The text within the docunmentation should reflect on-line help text
and should be cross referenced to the on-line help where appropriate. As a
m ni mrum the documentation shall provide a description of each | ogical
screen area, the design netaphor, a description of the expected concern and
context of each displayed object.

11.2.2 The presentation of the docunentation should conply with the

gui dance found in the Departnment of Trade and Industry’'s "Instructions for
Consuner Products”.
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Section Four. Interface Requirenents

12 Input and Control Devices

12.1 General. This Section identifies considerations relating to the use
of input and control devices for nmilitary HCs. The Section summarizes
characteristics of comonly used devices, and provides guidance on issues
which need to be addressed in selecting and inplementing devices for

conput er-based equipment. The Section particularly enphasizes

consi derations which nmay be controlled or affected by the design of HC

sof t war e. The guidance contained in this Section applies to both physica
devices as well as to representations of devices inplenented on conputer

di spl ays, where appropriate.

12.1.1 Input and control devices shall conply with the general guidance
and requirenments contained in clauses 10 and 11 of this Standard

12.1.2 In selecting, designing and inplementing input and control devices,
the Design Authority shall provide evidence that relevant Human Factors

i ssues have been identified and that appropriate consideration has been
given to them Results of these considerations shall be documented in the
HCl Design Rationale docunent.

12.1.3 Eurther information. For further information regarding input and
control devices refer to Def Stan 00-25 clause 10. Detailed requirements
and recommended test methods for control devices can be found in SO 9241
(clause 4 for keyboards and clause 9 for non-keyboard input devices).

12.2 @iding principles. The following guiding principles shall be
consi dered during the design, selection, inplenentation and evaluation of

i nput and control devices.

(a) the assessnment and testing of HClI devices shall be based on production
standard equi pment, and shall involve real or representative workplace

| ayouts, environnental conditions and task requirenents. Assessnents
shoul d address both the physical characteristics of the devices used as
wel | as those aspects affected by system design considerations (such as the
sensitivity of pointing devices);

(b) where the conbination of devices could inpact on the individua
efficiency of one device a trade-off analysis shall be carried out in the
context of the workplace and task requirenents

12.3 Device characteristics. I nput and control devices shall exhibit the
follow ng characteristics:

(a) be appropriate to the characteristics of user tasks, including the
frequency, inportance, sequence and urgency of use, required standards of
tasks performance and the environnental conditions in which tasks are
expected to be perforned,

(b) be self descriptive in the context of the task and environnent;

(c) be consistent with user expectations in function and use

(d) be resilient to inadvertent operation or msuse
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12.3 (Contd)
(e) support learning and pronote transfer of skills between devices
(f) promote efficiency and confort in usage

(g be safe and stable in normal working practice and avoid sharp edges
and corners;

(h) provide adequate feedback;

(i) mnimze both nmental and physical demands on the user and mnimze
static muscle |oading

(j) be designed to operate within the optinum dynam c reach space of the
user;

(k) take into account the position of the input device on the work surface
in relation to other devices, including, where necessary, requirements for
locating and operating devices wthout visual guidance

() be easily naintained.

12.3.1 Selection. When sel ecting input or control devices, consideration
shall be given to the nature of the users and their tasks, any physica
constraints (such as the space available will provide adequate arm
support), the operational environnent and possible interference between HCl
devi ces and other non-HCI related tasks and activities expected to be
performed by the users. Consi deration shall also be given to the context
of the HCI dial ogue tasks in which devices are expected to be used, and to
the conbination of input devices which may be involved. (For exanpl e,

di al ogue tasks may require a user to identify an object (using a pointing
device), apply a function (which may require a function key) and enter data
(possibly using a keyboard).

12.3.2 Table G sunmarizes general characteristics of a range of common

i nput devices with respect to generic dialogue tasks. The table indicates
the extent to which each type of input device is appropriate for the
various types of dial ogue tasks
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Table G
Summary of HCI Input Devices for Generic Dialogue Tasks
DEVICE TYPE DIALOGUE TASK
DATA ENTRY HIGH DRAWING OBJECT SELECTION CONTINUOUS CURSOR
PRIORITY CONTROL POSITIONING
FUNCTIONS
Alpha- High Low Low Low N/A Low
numeric
keyboard By defining |Very Indirect Very Indirect
data points
in a form
Eunction N/A High N/A N/A N/A N/A
Keys
(Though can (Though can
input be used to
default reset cursor
data) position)
Mouse Medium Medium Medium High Medium High
Discrete By object Limited Depends on Depends on Depends on
choices selection resolution sensitivity and task and sensitivity
object size and sensitivity
location
Joystick Medium Medium Low Medium High Medium
Discrete By object Limited Depends on dynamics |Depends on Depends on
choices selection resolution and object size and |task and dynamics
location dynamics
Tracker- Medium Medium Low Medium Medium Medium
ball
Discrete By object Limited Depends on dynamics |[Depends on Depends on
choices selection resolution and object size and [task and dynamics
location dynamics
Light pen Medium Medium Medium Medium Low Medium
Discrete By object Limited Suitable for large Depends on Not suitable
choices selection resolution and dispersed task and for fine
objects sensitivity positioning
Tablet Medium Medium High Medium Low High
Discrete By object Depends on object Depends on
choices selection size and location task and
sensitivity
Cursor keys [N/A Low Low Medium for Data Low Medium for
fields Data fields
Slow Low
positioning [resolution Low for graphics Low for
graphics
Touch Medium High Low Medium N/A Low
screen
Discrete Very low Suitable for large Low
choice resolution objects resolution
Voice Low Medium N/A Low No Low
Useful for No t Possible,
restricted suitable though slow
data sets for and
critical inaccurate
functions
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12.3.3 Table H summari zes some general

considerations in the selection of

i nput and control devices.
Table H
Summary of Considerations Relating to the Selection of HCI Print Devices
DEVI CE NOTES
Keyboard Gener al Shoul d be considered where al pha-nuneric or
nuneric data entry is required.
St andard Unl ess ot herwi se constrained a standard
keyboards | keyboard shoul d be used for al pha-numeric or
nuneri c data entry.
Non VWher ever possi bl e non-standard keyboards
standard shoul d use the same conventions as a standard
keyboards | keyboard.
2D Pointing Gener al Shoul d be considered for the selection of
Devi ce points in a single plane. Sensitivity and
control order often under software control.
Mouse Suitable for main item selection, scrolling,
data retrieval and data entry.
Joy Stick |Suitable for continuous control.
Do not use for cursor positioning where speed
and accuracy are inportant.
Tracker Suitable for data pick-off.
Bal |
Do not use for automatic scroll at edge of
screen.
Light Pen |[Should be considered for rapid pointing at
| arge dispersed targets.
Shoul d be considered for cursor placenent
text selection and conmand initiation.
Not for frequent use.
Tabl et Sui tabl e for data pick-off and pointing in
| and systens nobile platforms.
Shoul d be considered for entry of points,
generation of free drawn graphics.
Cur sor Shoul d be consi dered for gross or constrained
Cont r ol novenents of the cursor for tasks that

involve typing and pointing at few targets.

Shoul d be considered as a support nethod for
ot her devi ces.
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Table H - Concl uded

DEVI CE NOTES
2D Pointing Touch Suitable for main item selection, scrolling,
Devi ces (Contd) Scr eens data retrieval.

System shoul d accept only one conmmand at a
tine.

Not recommended for continual use.

3D Poi nting Gener al Shoul d be considered for the selection of
Devi ces points in a virtual 3 dinmensional space.
Sensitivity and control order under software
control .
Space Suitable for continuous control.
Bal |
Should be used with other devices for
sel ection.
Dat a Shoul d be considered for selection and
A ove mani pul ation of discrete items within a

virtual 3 dinmensional space.

Voi ce Gener al Voi ce activation/input should be considered
Activati on/ as a supplenmentary input device when:

| nput Systens
1. Users hands are busy undertaking

si mul t aneous t asks.
2. Mbility is required.

3. Users eyes are occupi ed undertaking
si mul t aneous tasks.

4,  Harsh or cranped conditions preclude the
use of other devices.

Should be limted to sinple input tasks.

Shoul d provide feedback appropriate to the
t ask.

Shoul d not be used in noisy environments in

air-systens anplified voice inputs through a
m crophone used for conmunications. Shoul d

be avoided in stressful applications such as
operational conbat areas.

Shoul d be avoided in stressful application.
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12. 3. 4 Eeedback. I nput and control devices shall present the user with
feedback in an appropriate format, |evel and type and when and where it is
expect ed. Feedback should be such that the user is confident:

(a) when the control is activated and
(b) that the use of the device has produced the expected response

Appropriate feedback can involve the properties of the device itself (ie
its physical, nmechanical and acoustic response), of the hardware and
software interfacing with the device, and of the software controlling the
di splay of information to the user.

12.4 Non-standard Kkeyboards. Non- st andard keyboards shall conply with the
guidelines in part 10 (Controls) of this Standard and, where appropriate
with requirenments inposed under relevant Health and Safety I|egislation.
Wher e non-standard keyboards are to be used in addition to a standard
keyboard, they should be designed to be conpatible to the Standard (eg the
same angle, level, colour and range of adjustnent).

12. 4.1 Layout of Kkeys. Consi deration shall be given to the |ayout of any
dedi cated keys or controls on a non-standard keyboard such that they are
grouped in a |ogical way. Functi on keys should be easily distinguished
from others and clearly |abelled. Where keys have a major, irreversible or
catastrophic effect, special consideration shall be given to their design
and inplenmentation to mninmze the |ikelihood of inadvertent operation.
Numeri c keyboard | ayouts shall be consistent throughout the entire military
wor kpl ace. (NB Both keyboard and tel ephone nuneric |ayouts shall be
designed into the sane workpl ace.)

12.4.2 Use of nodifying keys Modi fyi ng keys shoul d be used to provide an
alternative nmeans of accessing existing functions. Consi deration shall be
given to the inportance, criticality and frequency of the action in the

al l ocation of functions to dedicated or conbinations of key presses. No
nore than three sinultaneous key presses should be required to use a

nodi fyi ng key.

13 Display Devices

13.1 General. Di spl ay devices shall conply with the guidance given in
clauses 7, 8, 9 and 11 of this Standard and part 7 (Visual Displays) of
this Defence Standard. Di spl ays should normally conmply with the rel evant
Parts of 1SO 9241 (Parts 3, 7 and 8) unless the type of display or
conditions of use are such that the Standard does not apply.

13.1.1 In selecting display devices, the Design Authority shall provide
evi dence that relevant Human Factors considerations have been identified
and that appropriate consideration has been given to them Resul ts of

t hese considerations shall be docunented in the HClI Design Rationale
document . The Design Authority shall also identify and docunent
constraints (such as the nunber of colours which may be used in a design)
whi ch the selection of display devices or device drivers may inpose on the
design of the HC.

13.1.2 In addition to satisfying the general requirements for display

devi ces. These di splay devices shall exhibit the foll ow ng
characteristics:
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13.1.2 (Contd)

(a) Be appropriate to the quantity, format and dynam c nature of the
information to be displayed. Screen size should be determ ned by the
amount of information required to be viewed and take into account the
view ng distances and angles of all relevant users.

(b) Provide the mnimm of constraints on the presentation of information
and style of HCl dial ogue.

(c) Physical characteristics (such as the size of pixels or images) should
not reduce the ability to identify and discrimnate graphic objects or
their col our.

13.2 Visual display devices. Unl ess superseded by the specific
requi renents for a system display characteristics shall ensure that users:

(a)  do not perceive any disturbance flicker;
(b) can adjust the contrast ratio between 5:1 and 10:1;

(c) can adjust the display |umnance over a range which is appropriate to
the operational environnent and conditions.

NOTE: In normal office-type environments, this will be between 80 cd/nf
and 160 cd/ nf. Mlitary environments anbient |ight |evels nmaybe nore
extreme (see part 6 of this Defence Standard).

(d) do not perceive a persistence lag in a changing inage;

(e) do not perceive reflectance glare in the surface of the display;

(f) do not perceive a scan line or matrix spots.

If no adjustment of the display is possible, practical or desirable during
operation then the default settings should conform to the above.

13.3 Col our rendering. The display device shall render colours to ensure:
(a)  colour uniformty across the display device;

(b) mnimal colour msconvergence;

(c) consistent character height and object size;

(d) good colour discrimnability;

(e) mnimal background and surround inage effects;

(g) mnimal chronostereopsis or other unintended perceptual effects.

13.4 Multi-screen systens

13.4.1 Multi-screen systens can be considered to be of two general types:

(a) systenms with two or nmore distinct physical displays, and
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13.4.1 (Contd)

(b) systems in which a single display screen is organized into two or nore
areas which are used for clearly distinct purposes (such as distinct
graphi cal and al phanuneric areas).

As well as increasing the amount of display area avail able, systens which
use two or nore physically distinct displays provide a nunber of
advant ages, such as

(a) i ndi vi dual displays can be configured to specific users and uses

(b) displays can be tailored to different view ng conditions (such as
sitting and standing users);

(c) they can support the users conceptual nmodel of a system by helping to
enmphasi ze differences and relationships between information and sources

13.4.2 There are two main ways of making use of physically distinct
screens:

(a) all screens are integrated to provide an increased display area, and

(b) one or nore screen is dedicated to interaction, and the others are
used solely for the presentation of data.

Where multiple screens are used to increase display data, consideration
shal | be given to using a single higher resolution screen with suitable
i nformati on presentation, structure and coding techniques to replace the
mul tiple screens.

13. 4.3 Where the screens work as one system consideration shall be given
to the physical positioning, alignment and spacing of the screens. The
organi zati on of data and controls between screens should be designed to
ensure that no set of data or control which any of the systens users may
need to use to carry out a single short-termtask is spread over two or
nore screens. \Where the screens are used by a single user, the nmonitors
shal |l be positioned relative to the user such that parallel effects
paral l ax do not occur.

13.4.4 Consideration shall be given to the design of the dial ogue by which
the user accesses information on different physical screens or |ogica

di spl ay areas. For exanple, selection of an object or data on one screen
shoul d be clearly reflected on all screens in which the sel ected object or
data is represented. Where it is possible for data on different screens or
di splay areas to show different values for the same data item (for exanple
where the user edits data on one screen), the status of the data on the
different screens needs to be clearly represented

13.4.5 The design of multi-screen systens shall ensure that the

rel ati onshi ps between the various screens and between the screens and the
equi pnents or objects they represent are clear. This can be achi eved

t hrough the appearance and physical |ocation of screens and the dynamc
behavi our of itens represented on the screens. Where appropriate, and
particularly where the type of data or display on a screen can vary, each
screen or logical area should be clearly |abelled
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13.4.6 In all cases consideration shall be given to increased screen glare
and the effect of multiple radiation (EMR) and additional |ight sources
General requirements for individual displays shall apply to all displays
used in a multi-screen system

13.5 Audio or speech display devices

13.5.1 Consideration shall be given to the use of audio or speech devices
to support the transfer of data and the awareness of the user to system
condi tion and states. The use of audio code should be in line with the
requi renents alarm policy for specific auditory signals. See part 8
(Auditory Information) of this Defence Standard. For nore detailed
information the reader is directed to audio and speech controls and

di spl ays, handbook of Human Factors, WIley Interscience 1987, by Sal vendy G
and the Derivation of Human Factors Cuidelines for Applications of Speech
Controls and Displays in the Mlitary Fast Jet Phd, Cranfield University
19944 by Enterkin P.

13. 5.2 \Where audi o or speech devices are used the design shall allow the
user to test the audio facilities so that they can ensure that they are
still working. The design of the audio display codes should preclude the
user from misinterpretation or confusion with other codes

13.5.3 Consideration shall be given to the design of the audio or speech
device so that the audio signal

(a) does not startle users;
(b) is easily audible above background and transient noise

(c) is discernible and distinguishable from other devices in the area of
operation. For details see part 8 of this Defence Standard.
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Section Five. Quality and Conpliance

14 Conpliance Criteria and Test Methods

14.1 Conpliance with this part of the Standard shall be achieved by
denonstration that the docunentation described in Section Two has been
prepared and maintained in an appropriate format. Conpliance with this
part shall be achieved separately for each relevant stage in a system
procur enent .

14. 2 Conpliance shall not be achieved if either of the follow ng
conditions are net:

(a) the HClI Operability Risk ldentification has not been carried out, is
inconpl ete or otherw se does not neet the conditions specified in 5.2;

(b) an HClI Design Rationale docunent has not been prepared and mai ntai ned
or does not satisfy the requirements specified in 5.4.

15 L i ntrol n ran

The main aspects of quality control, related to the design of the HCl
el enents of a system are as follows:

(a)  Human factors and ergonom cs risks and requirenents have been
identified and have had sufficient inmpact on the design process

(b) Appropriate use has been nade of user representatives and conpetent
HCl persons throughout the devel opnent stage

(c) The information gleaned from user evaluations and other Human Factors

and ergonom cs activities have had an appropriate inmpact on the HCl and
system
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ANNEX A

Definition of Terns

Al phanureric Keyboard
A matrix of keys representing the followi ng set of characters:

26 upper case letters of the Latin al phabet (A to 2)

26 lower case letters of the Latin al phabet (a to z)

10 digits (1 to 0). (Al phanuneric nuneric layouts have (1) on the
upper |l eft position above the al phabet |ayout and (1) in the | ower
left position on the nuneric keypad.

Non printing graphic space

Punctuation signs and other graphics as required

Chromaticity
A conbined terns referring to hue and saturation of a colour.

Chr onpst er eopsi s
Stereopsis results from the shorter wavelength |ight being refracted
nmore than | onger wavel ength as it passes through the eye and focuses on
the retina. This leads to a perceived difference in distance of
different coloured objects from the eye (also known as Depth Effect).

Col our Rendering
The term applied to a light source to describe how it effects the
appearance of the coloured surfaces it illum nates.

Context-Sensitive Help
Hel p in which the help text or range of help users is derived from the
contextual information associated with the user’s last input, selected
object, or the current location within the system or application.

Conver gence
The exact alignment (intersection) of electron beans of a colour CRT at
a specific point on the plane of its phosphor screen.

Cursor Key
Keys which control the novenent of the cursor about the display.

Depth Effect
See chronost ereopsi s.

Di al ogue
An interaction between a user and a system to achieve a particular
goal .

Di scrim nation
The detection of difference between stinuli (eg for colour - detection
of chromatic difference between visual stinuli.

Di splay Screen
The display screen is the physical screen (ie glass) of the termnal.

Di splay Resolution
The nunber of separately addressable pixels on a display screen.
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Ef fectiveness
The accuracy and conpleteness with which users achieve specified goals.

Error
A msmatch between the user’s goal and the response of the system
Errors can include navigation errors, syntax errors, conceptual errors,
etc.

Field
An area on a display in which data is entered or presented.

Fl i cker
Perception of a quickly recurring variation of |um nance or col our
val ence without the single phases being clearly distinguishable from
each ot her

Feedback
Qut put presented by the systemin reaction to the user’s input.

Help Facilities
Browsabl e Hel p
Hel p in which access to help is independent of the current task
cont ext . Hel p topics may be addressed in a variety of sequences, and
users can navigate between topics

Browsabl e help differs froman on-line users guide in that the
information within a broad topic area is not restricted to seria
access.

On-line Help
Addi tional user guidance information beyond pronpting, feedback, status
and error nessages that can be obtained at the user’s initiative or at
the initiative of the system Help typically includes information
about features of the system and di al ogue and how they can be used to
aid the user in conpletion of his/her tasks

Hi erarchi cal Menus
Series of nmenus which are structured in a hierarchical or "tree-I|ike"
manner, where the selection of an initial option | eads to another nenu
contai ning additional options, which may lead to another menu, etc
until the desired results are obtained

I con
AN icon is a pictorial representation of an object consisting of an
i mage, image background, with or without a |label, may also be a
graphi cal symbol presented on a display screen that provides a visua
rem nder of the nane, structure, appearance or purpose of the entity
that it represents.

Keyboard
An arrangenent of typing and function keys laid out in a specified
manner

Lum nance
The amount of light per unit area |l eaving a surface (candel as per
square netre).
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Lumi nance Contrast (Contrast Ratio)
The difference in luminance of the features of the object being
reviewed, in particular of the feature to be discrimnated by contrast
with its background.

Menu
A set of selectable options.

NOTE: Menu options may be presented to the user by means of visual

di splay devices, or auditory. A nmenu may contain multiple option
groups, but unless only one choice is allowed across groups, each group
woul d be considered a menu.

M sconver gence
The mis-alignment of red (R), green (G and blue (B) electron beans.

Monochrone Di spl ay
A display rendering inages in one hue.

Navi gati on (Menu)
Oientation within a nenu structure, novenent fromoption to option
within a menu panel and novenent from nenu panel to nenu panel within a
menu structure.

Navi gation (Form Filling)
Navi gation for form filling dialogues refers to the user’s ability to
proceed forward and backward through a form and nove from formto form

Nureri ¢ Keyboard
An array of three rows of three keys (for the nunerals 1-9), a
zero/deci mal area and any additional optional keys. (NB The tel ephone
| ayout has (1) in the upper left position in the first row)

Overl appi ng W ndow
In an overlapping format, the set of wi ndows visible on the screen is
like a collection of pages on a desktop. Just as pages nay be arranged
so that a page partially or fully overlaps the pages behind it, so
wi ndows nmay be arranged so that a single window partially or fully
overl aps the w ndows behind it.

St oke Wdth
The width of a single line drawn on the display. Since the |um nance
distribution of the edge will be a blur, and not a sharp edge, the edge

is defined as the 50% | um nance point of the blur.

Til ed W ndow
In a tiled format, the set of wi ndows visible on the screen is like a
collection of tiles arranged to forma solid surface. As with tiles,
no part of any wi ndow s border or interior overlaps another w ndow s
border or interior.
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W ndow
An independently controllable area on the display screen, usually
rectangular and usually delimted by a border, used to present objects
and/ or conduct a dialogue with the user. User’'s nmay provide inputs to
the system and/or received outputs from a system within a w ndow.

A 2 Index List
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the design of Human Conputer | nteraction
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Fisher DL & Tan K C Visual Displays: The Hi ghlighting Paradox. Human
Factors Vol 31 No 1 (1989).
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Kuhmann W Experinental . I nvestigation of Stress-Inducing Properties of
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