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HUMAN FACTORS GUIDES
A report prepared by Johanne Penington of PHF Services Incorporated under contract to the
Atomic Energy Control Board.

ABSTRACT
This document presents human factors guides, which have been developed in order to
provide licensees of the AECB with advice as to how to address human factors issues within
the design and assessment process. This document presents the results of a three part study
undertaken to develop three guides which are enclosed in this document as Parts B, C and D.
As part of the study human factors standards, guidelines, handbooks and other texts were
researched, to define those which would be most useful to the users of the guides and for the
production of the guides themselves. Detailed specifications were then produced to outline
the proposed contents and format of the three guides.
Part A: Overview
Part A contains some general discussion of issues which are relevant to all of the guides,
which includes comments on the level of detail of information contained in the guides, the
use of the references addressed in previous parts of the study, and issues which are outside
the scope of the documents.
Part B: Guide for the Development of a Human Factors Program
Part B is an AECB guiding document, which provides advice to their licensees about the
planning of a human factors program for a design or assessment project. As stated, the aim
is to provide advice, rather than specifying strict requirements which must be adhered to.
The guide is intended for use by facility managers, project managers, project personnel and
human factors specialists, to provide an integrative approach to design and assessment.
This part outlines some of the general aspects of human factors philosophy, which are
relevant to the planning of a program, and discusses the applicability of the guide to the
nuclear industry, although it is acknowledged that the issues it contains may also be
appropriate to other industries. The guide then focusses on the objectives of implementing a
human factors program, and how the guide can be used to fulfill these objectives. The
essential considerations of the planning process are discussed in direct relation to human
factors, such as the scope, resources and constraints of a program, scheduling, budgeting,
coordination and the monitoring of progress. The guide then proceeds to outline the
elements which could usefully be included in a human factors program, and addresses such
issues as when in the design process the elements may be included, who may be expected to
perform the analysis, and the expected interaction with the rest of the project team.
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Part B touches on how to effectively integrate human factors activities into the design and
assessment process and provides some discussion of how testing and evaluation may be
carried out to address human performance-related issues. The final section of this guide
introduces the use of checklists to verify the inclusion of all necessary considerations relating
to human factors, and to monitor the progress of the program.
Part C: Human Factors Activities Guide
Part C demonstrates how the human factors specialist can address these areas by presenting
some of the most commonly used methods and techniques to fulfill the project objectives. It
presents the background to the requirement for the inclusion of human factors by discussing
the AECB's approach to regulation in this area, the purpose of the guide, the expected user
population, and the relationship to Part B and Part D. It discusses the reason and the type of
human factors activities which are relevant to the nuclear industry, defines certain terms used
within the guide and provides advice about the selection of appropriate methods and
techniques for human factors analysis. It addresses certain management issues which are
further expanded upon in the program planning guide.
This part then presents a number of techniques associated with areas of human factors. The
sections present the rationale for the use of the method, discuss the inputs and outputs to the
techniques, the resource requirements, the appropriate project stage for its use, advantages and
disadvantages associated with its use, and links to other human factors techniques. It
addresses the interpretation of the results of human factors techniques into the specification of
requirements for certain aspects of design and operation, so that the user may see the impact
they will have upon the design or assessment process. In addition to the discussion of analysis
techniques, Part C discusses test and evaluation techniques which can be used for design
verification and usability testing, and also tools for data collection which may be used to
provide an input to the human factors techniques or as part of the techniques themselves.
This part touches on design integration issues which are addressed more fully in Part D and
talks about the contribution of human factors analyses to the different stages of a system life
cycle. This guide is intended for use by human factors practitioners as a reference document
to assist them in the selection of human factors techniques and the implementation of a
human factors program of work. It is not intended to be a definitive list of techniques, but
directs the user to useful references for further information.
Part D: Human Factors Design Integration Guide
Part D outlines human factors issues which should be considered within the design and
assessment process of nuclear facilities. The issues addressed comprise those which relate to
the different levels of technology that currently exist within the nuclear industry, ranging
from manual handling activities to the design of computer control systems. It also examines
issues which are relevant to both control room areas and areas local to plant.

Human factors principles and philosophies are introduced, which apply to the study of
interaction between people and other people, equipment and the work environment, and that
are appropriate for all industries. Then specific issues which are relevant to the Canadian
nuclear industry are discussed, so that the user of Part D may focus on particular aspects of
human factors. It addresses human factors issues appropriate for the design and assessment
of general plant areas such as facility layout and access, maintenance activities, and
environmental conditions suitable for work activities.
The control room is the subject of a separate section, due to its' importance as the focus of
control and communications in the CANDU reactor and other nuclear facilities, and the need
for the efficient organization and presentation of a large volume of data, in order for the
plant, to be safely operated. Both hardwired and computer control considerations are
discussed. The guiding document proceeds to address the design and assessment of specific
workstations, which may be located in the control room or in other areas of the plant.
Guidance for the design of tools and protective equipment, which promote safe manual
operations are discussed.
Part D is designed for use by, not only human factors practitioners, but also by project
managers, so that they are aware of the extent of project team interaction and level of effort
required, and by project staff so that they may successfully integrate human factors issues
into their area of responsibility. In addition, it may be used by the purchasing department,
so that they may make purchasing decisions based upon human factors requirements.
RÉSUMÉ
Le présent document présente trois guides qui conseillent les titulaires de permis de la CCEA
sur la façon d'intégrer les facteurs humains à la conception et à l'évaluation des processus. Il
présente les résultats d'une étude en trois volets qui a servi à élaborer les parties B, C et D
ci-après. Les auteurs de cette étude ont parcouru des normes, des lignes directrices, des
manuels et d'autres documents sur les facteurs humains et en ont extrait la matière qui leur
paraissait la plus utile. Le contenu et la présentation des trois guides ont ensuite été précisés.
Partie A : Overview
La partie A du rapport contient des renseignements généraux sur des questions communes
aux trois guides, comme des commentaires sur le degré de précision de l'information,
l'utilisation de documents de référence traités dans des parties antérieures de l'étude et des
questions qui débordent le cadre des guides. On résume ensuite le contenu de chacun des
trois guides, qui sont décrits plus en détail ci-après.
Partie B : Guide for the Development of a Human Factors Program
La partie B est un document d'orientation qui donne des conseils aux titulaires de permis de
la CCEA sur la façon de planifier l'intégration des facteurs humains dans un projet de
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conception ou d'évaluation. L'objectif est de conseiller, et non d'imposer des exigences
strictes. Ce guide s'adresse aux gestionnaires d'installations, aux gestionnaires de projets,
aux employés participant aux projets et aux spécialistes des facteurs humains. Il propose une
approche intégrative de la conception et de l'évaluation.
Cette partie du rapport présente les aspects généraux de la philosophie des facteurs humains
dont il est important de tenir compte dans la planification d'un programme. Elle explique
aussi dans quelle mesure le guide s'applique à l'industrie du nucléaire, même s'il est entendu
que la matière vaut également pour d'autres industries. Ensuite, elle présente les objectifs
qu'une organisation vise lorsqu'elle met sur pied un programme d'intégration de facteurs
humains, et explique comment le guide peut aider à les atteindre. Les considérations
essentielles du processus de planification sont traitées en relation directe avec les facteurs
humains, comme la portée, les ressources et les contraintes d'un programme, le calendrier
d'exécution, le budget, la coordination et la surveillance des progrès. On présente ensuite des
éléments qu'il pourrait être utile d'inclure dans un programme d'intégration de facteurs
humains. Enfin, le guide répond à diverses questions : À quel moment du processus de
conception chaque élément doit-il être intégré? À qui doit-on confier l'analyse? Quelle doit
être l'interaction avec le reste de l'équipe de projet?
La Partie B propose également des moyens efficaces pour intégrer les facteurs humains dans
le processus de conception et d'évaluation. Elle explique aussi comment des processus d'essai
et d'évaluation peuvent servir à régler des problèmes de rendement. La dernière section de ce
guide propose d'utiliser des listes de vérification pour s'assurer que l'on a tenu compte de
tous les facteurs humains et pour surveiller l'avancement du programme.
Partie C : Human Factors Activities Guide
La Partie C montre comment le spécialiste des facteurs humains peut intervenir, en
présentant certaines des méthodes et techniques les plus utilisées pour atteindre les objectifs
d'un projet. Elle explique pourquoi il est essentiel de tenir compte des facteurs humains, en
présentant l'approche que la CCEA a adoptée dans le domaine de la réglementation. Ensuite,
elle présente l'objet de ce deuxième guide ainsi que le nombre d'utilisateurs prévu et
explique le lien entre ce guide et les parties B et D. Puis, elle explique quels types d'activités
d'intégration de facteurs humains s'appliquent à l'industrie du nucléaire et pourquoi, définit
certains termes utilisés dans le guide et donne des conseils sur le choix des méthodes et des
techniques d'analyse des facteurs humains. Elle traite aussi de certaines questions de gestion
qui sont approfondies dans le guide sur la planification de programme.
La Partie C présente ensuite un certain nombre de techniques associées aux facteurs humains.
Chaque section explique à quelle situation s'applique chaque technique, quels sont les
«intrants» et les «extrants», quelles ressources elle exige, à quelle étape d'un projet elle doit
être utilisée, ses avantages et inconvénients et ses liens avec d'autres techniques. Elle traite
ensuite de l'interprétation des résultats des diverses tecliniques par rapport aux exigences de
la conception et des opérations, pour que l'utilisateur voie bien l'impact que chaque
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technique aura sur le processus de conception et d'évaluation. En plus de traiter des
techniques d'analyse, la Partie C présente aussi des techniques d'essai et d'évaluation qui
peuvent servir à vérifier la conception et à tester l'utilisation, ainsi que des outils de collecte
de données qui peuvent servir à élaborer des techniques liées aux facteurs humains ou en
faire partie intégrante.
On aborde la question de l'intégration des facteurs humains à l'étape de la conception, qui est
approfondie à la Partie D. On explique aussi comment les analyses des facteurs humains
contribuent aux diverses étapes du cycle de vie d'un système. Ce guide s'adresse aux
intervenants du domaine des facteurs humains, et se veut un document de référence qui les
aidera à choisir les bonnes techniques et à mettre sur pied un programme de travail. Il ne
constitue pas un répertoire exhaustif de techniques, mais il oriente l'utilisateur vers des
sources d'information additionnelles qui peuvent être utiles.
Partie D : Human Factors Design Integration Guide
La Partie D met en évidence les facteurs humains dont il faut tenir compte dans la conception
et l'évaluation d'installations nucléaires. Elle traite entre autres des niveaux de technologie
actuellement utilisés dans l'industrie nucléaire, des activités de manutention jusqu'à la
conception de systèmes de contrôle informatisés. Elle examine aussi des questions qui
s'appliquent à la fois aux salles de commande et à des zones situées dans les centrales
elles-mêmes.
La Partie D expose des principes et des philosophies applicables à l'étude de l'interaction
entre les personnes et entre l'équipement et le milieu de travail, et qui sont applicables à
toutes les industries. Elle aborde ensuite des questions qui touchent plus précisément
l'industrie nucléaire canadienne; l'utilisateur pourra s'attarder aux aspects des facteurs
humains qui l'intéressent plus particulièrement. Ces questions s'appliquent à des domaines
généraux de la conception et de l'évaluation, comme l'aménagement des installations, l'accès
aux installations, les activités d'entretien et l'environnement de travail.
La salle de commande fait l'objet d'une section distincte, pour deux raisons. D'abord, elle
est le centre des activités de contrôle et de communication dans les réacteurs CANDU et
d'autres installations nucléaires. Deuxièmement, pour que le centrale fonctionne de façon
sûre, il faut assurer l'organisation et la présentation efficaces d'un grand volume de données
dans la salle de commande. Cette section traite de considérations liées aux commandes
câblées et aux commandes informatisées. Elle aborde aussi la conception et l'évaluation de
postes de travail individuels, qui peuvent être situés dans la salle de commande ou ailleurs
dans la centrale, et donne des conseils sur la conception d'outils et d'équipements protecteurs
qui rendent les opérations manuelles plus sécuritaires.
La Partie D s'adresse non seulement aux intervenants du domaine des facteurs humains, mais
aussi aux gestionnaires de projets, pour qu'ils connaissent le degré d'effort et d'interaction
exigé de l'équipe de projet. Elle s'adresse aussi aux employés participant aux projets, pour
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qu'ils sachent intégrer les facteurs humains à leurs champs de responsabilité. Enfin, cette
section peut être utile au service des achats, pour que ses décisions tiennent compte des
facteurs humains et de leurs exigences.

DISCLAIMER
The Atomic Energy Control Board is not responsible for the accuracy of the statements made
or opinions expressed in this publication and neither the Board nor the author assumes
liability with respect to any damage or loss incurred as a result of the use of the information
contained in this publication.
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HUMAN FACTORS GUIDES
PART A: OVERVIEW
A report prepared by Johanne Penington of PHF Services Incorporated under contract to the
Atomic Energy Control Board.

ABSTRACT FOR PART A
This document presents human factors guides, which have been developed in order to
provide licensees of the AECB with advice as to how to address human factors issues within
the design and assessment process. This document presents the results of a three part study
undertaken to develop three guides which are enclosed in this document as Parts B, C and D.
As part of the study human factors standards, guidelines, handbooks and other texts were
researched, to define those which would be most useful to the users of the guides and for the
production of the guides themselves. Detailed specifications were then produced to outline
the proposed contents and format of the three guides.
Part A of this report, the Overview, contains some general discussion of issues which are
relevant to all of the guides, which includes comments on the level of detail of information
contained in the guides, the use of the references addressed in previous parts of the study,
and issues which are outside the scope of the documents. Each guide is then summarized in
turn, in relation to its content and format. Issues relating to the use of the guiding
documentation and any other future considerations are discussed, and then the references
used in the project are detailed.

DISCLAIMER
The Atomic Energy Control Board is not responsible for the accuracy of the statements made
or opinions expressed in this publication and neither the Board nor the author assumes
liability with respect to any damage or loss incurred as a result of the use of the information
contained in this publication.

[NEXT PAGE(SJTeft BLANK.

Aiii
TABLE OF CONTENTS FOR PART A
Page
No.s
1.

INTRODUCTION

Al

2.

SCOPE AND OBJECTIVES

A2

3.

CONTENT OF THE GUIDES
3.1
General Discussion
3.2
Guide for the Development of a Human Factors Program
3.3
Human Factors Activities Guide
3.4
Human Factors Design Integration Guide

A3
A3
A4
A5
A5

4.

FUTURE CONSIDERATIONS
4.1
The Future of Human Factors from a Regulatory Perspective
4.2
Future Human Factors Concerns

A6
A6
A7

5.

BIBLIOGRAPHY

A7

Al
1.

INTRODUCTION

In addition to regulating the more traditional areas of safety, the responsibilities of the
AECB include the consideration of human factors aspects of design, assessment and
operation of nuclear systems. There has been an increasing realization of the importance of
human behaviour and human error within systems, to prevent unsafe conditions from
arising, and to prevent inefficient operations. This is particularly important in the nuclear
industry, due to the potentially hazardous nature of the processes.
Nuclear facilities have both technical and human elements within the system, but invariably
more knowledge and thought is applied to the technical rather than the social aspects of the
facility design. A preferred approach is to address the people and the technology in a single
entity known as the socic-technical system. Typically machines are operated and
maintained by people who work together in a space defined by the immediate work group
and the work area of other components and building features. Human factors knowledge
and methods can be usefully applied to the design of tasks, jobs and working conditions of
all plant personnel. The consideration of the social sub-system within such a complex
socio-technical system as a nuclear facility will augment the excellent work that has been
completed previously on the technical sub-system, and help to develop an improved
defence-in-depth principle.
The existing AECB regulatory philosophy and practice, as it impacts upon the development
of a Human Factors program, is based upon and is governed by two pieces of legislation,
that give the authority for regulation. These are:
a) the Atomic Energy Control Act (1946), Revised Statutes of Canada, 1970. The AEC
Act makes the AECB responsible for health, safety, and security aspects of the use,
production, and application of prescribed substances, equipment and nuclear facilities; and
b) The Atomic Energy Control Regulations (1974), Consolidated Regulations of Canada,
1978. The AEC regulations require that all dealings in prescribed substances and
equipment within the national nuclear industry be licensed by the AECB.
All nuclear activities and facilities are governed under a comprehensive licensing system
that incorporates a set of criteria and principles.
There are however no regulations in the area of human factors, but the AECB support the
demonstration of incorporating human factors issues into design and assessments. That is,
the licensees are encouraged to demonstrate the consideration of human factors within
design, redesign, constructing, equipping, operating, testing, maintaining, managing and
reorganizing, to ensure to the greatest extent possible that the performance of the plant will
not be adversely affected. It has become apparent that the licensees would benefit from
advice as to how and when to include human factors within the process.
The Human Factors Guides were therefore produced to provide advice to the licensee about
how to deal with human factors issues. The project was divided into three distinct phases,
to ensure the thorough treatment of the topic areas, and to provide the licensee with the
most useful information available. The first stage was to perform a review of the literature
available which would be useful to both the author of the guiding documentation, and the
users of the guides when they were completed. The literature search identified over 250
documents which describe human factors guidelines, standards, methods and principles
applicable to the nuclear industry.
Human factors experts were asked to comment on the usage of human factors texts,
regarding the frequency of their use and the applicability of the documents for their
purpose. A number of general comments were made regarding the focus for human factors
research and assessments in the future, and the best standards, guidelines, and other texts
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were selected, described and critiqued. In addition, selected methods and techniques were
rated for their validity, applicability, completeness and practicality. The findings from this
part of the study are documented in reference 33 ( INFO 0543), which includes annotated
bibliographies of the best sources of human factors information, general summaries of
human factors methods, and detailed summaries of human factors techniques. The purpose
of this stage of the project then, was to research the information which may be useful as
contents for the guides.
The second stage of the project was to organize the information into a logical structure
which would ensure that the contents of the guiding documentation are easily navigable,
and are in a form which allows the users to access the parts of the document they wish to
examine, without having to read through all of the document. There are three different
documents which form a tier structure. The first document is the "Guide for the
Development of a Human Factors Program" (see Part B of this document), which
addresses aspects associated with project planning, and is therefore a higher level document
than the others. The second document is the "Human Factors Activities Guide" (see Part C
of this document), which addresses human factors methods and techniques that can be used
within the program, and is at a more detailed level than the first. The third document is the
"Human Factors Design Integration Guide"(see Part D of this document), which addresses
detailed human factors issues for consideration during design and assessment, and which
can also be considered a detailed level document to be used within the program plan.
The "Specifications for Human Factors Guiding Documents" (ref. 34 - INFO 0544) that
present the structure and contents for each of three documents mentioned above, emphasize
a number of important points: that the scope of the three documents is to address nuclear
facilities including power reactors, research reactors, accelerators, fuel fabrication plants,
heavy water plants, waste management facilities, and other nuclear facilities, which
encompasses the different types of licensee governed by AECB regulations; that the
documents address issues appropriate for the differing levels of technology present in
nuclear facilities; and that the documents do not specify what must be done, but rather
guide the users to the inclusion of human factors issues in design and assessment projects.
The aim was to produce the three documents so that they can be used either together or
separately, and they can be used by project planners, human factors specialists, and other
project team members for different purposes. The latter issue is addressed specifically in
each of the guides.
Section 2 presents the scope of this particular document. Section 3 discusses the scope and
contents of each individual guide. Some discussion of the future activities associated with
the review and use of the guiding documentation, is presented in section 4. The guides
themselves are presented as Parts B, C and D.
2. SCOPE AND OBJECTIVES
The scope of this report is the provision of guidance in the areas of planning a human
factors program, deciding upon appropriate analysis methods to use, and the integration of
human factors issues into the design process.
The objectives are to provide the licensees with documentation which is practical and
usable, and will assist them in the incorporation of human factors issues into design and
assessment activities within plants and facilities.
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3. CONTENT OF THE GUIDES
The documents are written to guide the user through the process of including human factors
considerations in design and assessment projects, so the content does not specify step by
step instructions as to how a plan may be produced or an assessment carried out. The
information taken from the source documents was summarized to provide the user with
general guidance, and references are quoted for more detailed information. The reference
sections are included throughout the body of the text, attached to their relevant sections.
3.1 General Discussion
The contents of each of the guides are discussed in more detail in sections 3.2 to 3.4
inclusive. There are however, some general issues which apply to all of the guides that are
worthy of discussion.
3.1.1 Level of Detail of the Guides
It can be seen that the sections of each guide vary in the amount of detail which is used to
address different topic areas. In general, attempts were made to give the issues the same
level of treatment, but this was easier for the program planning guide (see Part B) than for
the other two guides. One reason for this is that there is a lot of information available about
certain widely used techniques and methods and not so much about others. For example, a
great deal has been documented about task analysis and it has been widely used within the
nuclear industry, but not so much has been written about computerized biomechanical
models. It serves little purpose to attempt to discuss these areas in equal levels of detail as
the aim is to provide the users with an insight into what human factors information is
available for them to use, and what has been used to the benefit of nuclear systems already.
Another reason for unequal levels of detail with the guide is that of required emphasis upon
certain issues. Discussions were held with the client to determine those issues which most
required attention, and those which are of a high priority from a regulatory point of view.
For example, it is appropriate to include detail about human-computer interaction issues
within die Activities Guide (see Part C) as nuclear systems are becoming increasingly
automated, using computer control. It is also useful to include detailed information about
training needs analysis within the Activities Guide (Part C) as it is an issue being tackled by
a number of nuclear facilities at this time.

3.1.2 References
A number of different types of document have been used and referenced within the guides.
These include standards, guidelines, handbooks and other human factors texts. In general,
standards detail characteristics of design which must be adhered to, guidelines provide
recommendations about the issues which should be addressed, and handbooks and other
texts usually document a mixture of these, in addition to information about the theoretical
aspects of human performance in a working environment.
Attempts have been made to identify those references which will be most useful to the users
of the guide in terms of practicality, the demonstrated benefits of techniques, or ability to
address certain issues, and ease of understanding of the information available. There is one
other issue however, which has governed the selection of appropriate references within the
guiding documentation, and that is ease of access. If certain references have proved
difficult to acquire at the research project stage, then they are likely to be difficult to access
for the users of the guide. It was not deemed useful to include certain references for that
reason.
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3.1.3 Issues Outside the Scope of the Guides
The guides are not intended to provide the users with all the information they need to know
about human factors program planning, methods and issues, but to demonstrate the tools
and information which are available to human factors planners and practitioners. Therefore
the guides do not provide a specific project plan, detailed steps to take in order to complete
analyses, nor specific guidelines which apply to certain issues. The guides assist the user
within the process of incorporating human factors issues, and direct the users to more
detailed information. The guide does not include case studies where program plans have
been produced, methods used or issues addressed to improve the safety and efficiency of
nuclear systems, but it does make reference to sources of such information. In addition,
the discussion of which techniques are better than others is not addressed, but advantages
and disadvantages of certain techniques as presented in the literature are documented.
3.2 Guide for the Development of a Human Factors Program
This document (see Part B) provides guidance relating to the development of a human
factors program which will allow for the integration of human factors assessments within
the process of design and assessment. This guide is intended for use by facility managers,
project managers, project personnel and human factors specialists. It discusses the benefits
of a human factors program, and then presents some background information which
discusses the development of human factors in general, and then specifically within the
Canadian nuclear industry. There are five main sections within the body of the report:
- planning
- human factors elements to be included in a program
- human factors integration
- test and evaluation
- data requirements and deliverables.
Within the planning section, issues are discussed such as the need for management
commitment to the inclusion of human factors before successful integration is possible, and
the definition of lines of communication between the human factors project team and other
project teams. In addition, the guide addresses the practical aspects of planning, such as
developing a budget, scope and resources of the project, scheduling project team selection,
program constraints, and program monitoring.
The section which discusses human factors elements to be included in the program,
addresses the scope of different areas of human factors, at what stage in the project they
may be usefully addressed and other planning issues specifically associated with interaction
within the project for that particular element. Human factors integration issues are
addressed more fully in the design integration guide (Part D) but this document discusses
how human factors specialists may perform design and review activities to integrate human
factors concerns into the project at an appropriate time. Testing and evaluating activities
discussed in this document include both the testing of individual pieces of equipment and
whole systems, and again addresses the appropriate time within the project to carry out
such activities and the impact they will have upon the planning process.
The program planning guide addresses the formal mechanisms for the inclusion of human
factors within a design program. The documentation of human factors analyses and results
and the development of a human factors data base are discussed, and the structure and
format of the deliverables are addressed, to ensure that the user considers how the human
factors output may be utilized and referred to by the other project team members.

A5
After the five main areas of discussion, the document addresses the possible use of
checklists to verify that the planning process has been thorough, and to review the progress
of the program. Examples are given.
3.3 Human Factors Activities Guide
The Activities Guide (see Part C) presents methods and techniques which are available to
human factors specialists to carry out analyses within a design or assessment project
framework. The guide is intended for use by facility managers, project managers,
members of the project team, and human factors specialists. The use of this document will
allow facility managers and project managers to make scheduling and cost decisions
relating to the type of analyses which will be carried out. Project team members will be
provided with guidance as to their input to human factors analyses and the type of output
that can be expected to impact upon their responsibilities.
This document discusses the relationship between the three documents, and presents some
areas in which human factors analyses will benefit complex systems and nuclear facilities.
The terms activities, methods, techniques and procedures are defined and there is
some discussion of the management of human factors activities within a human factors
program.
The main body of the report addresses thirteen types of method and within each, discusses
techniques which can fulfill the requirements of the method:
- system/function analysis
- task analysis
- time Une analysis
- link and network analysis
- human performance modelling
- workload analysis
- physical demands analysis
- workplace analysis
- human-machine interface analysis
- human-computer interaction analysis
- training development
- human reliability analysis
- maintainability analysis.
The order of the methods represents as far as possible, a progression from those relevant to
early design stages to those more useful in the later stages. Each technique is discussed in
terms of the rationale for its use, the inputs and outputs to the technique, the design stage at
which it is most useful, the general procedure for use of the technique, and any advantages
and disadvantages associated with its use. At the end of each of the technique sections,
references are presented to the user which will provide additional detail.
In addition to techniques which are useful during the design stages of a project, this
document addresses test and evaluation techniques and techniques for behavioural data
collection. Design integration issues are addressed briefly and the overall contribution from
human factors activities throughout the design process is discussed.
3.4 Human Factors Design Integration Guide
This document (see Part D) provides the user with a discussion of some of the more
detailed issues which may be addressed in the area of human factors, so that they may be
successfully integrated into the design process to produce safe, efficient, user-centred
results. General human factors philosophies which apply to all industrial designs arc
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discussed , and those issues more pertinent to the Canadian nuclear industry are presented.
There are four main sections within the body of the report:
- general plant design
- control room design
- workstation design
- tools and equipment
The order of the sections progresses from the macro to the micro environment.
General plant design includes issues relating to both operations and maintenance, and
addresses facility layout, floor design, signs labels and coding, lighting, noise, the thermal
environment, vibration, other environmental hazards, and procedures. They are all issues
which are relevant to the plant as a whole. The section relating to control room design
discusses control and display design, the human-computer interface, and communications.
Workstation design addresses console design, workstation and panel layout, video display
terminal issues, seating and manual handling. The section relating to tools and equipment
discusses tool design and protective equipment.
References which will provide further information and specific guidelines for the user are
included at the end of each subsection, so that the user may access specific parts of the
document without having to read through all of it. In addition, cross references are
provided, presenting the user with other topic areas that are relevant to that specific issue,
which are addressed elsewhere in the document.
4.

FUTURE CONSIDERATIONS

4.1 The Future of Human Factors From a Regulatory Perspective
The use of the human factors guides will not be enforced, as their purpose is to advise
and guide, but in the future when the AECB are asked to provide advice or to assist in
decisions about the inclusion of human factors issues, the guides may provide an agenda
for these discussions.
A coherent position on human performance issues should be based on the recognition of a
body of human factors knowledge and methods relating to individual, group and
organizational processes. Guidance on human factors issues in the Canadian nuclear
industry must however be in line with traditional regulatory policy and practices of the
AECB, and also be consistent with the relationships that have been established between the
AECB and the licensees. Within this context, human factors considerations would apply to
proposals for new facility construction, significant plant modification, and/or organizational
change.
A regulatory policy statement on the use of human factors in the life cycle of Canadian
nuclear facilities is currently being developed within the AECB, for issue to the industry.
The main intent of the policy statement is to focus the attention of the licensees on the need
to incorporate human factors information into all of their activities. It is proposed that a
Human Factors Program Plan (HFPP) would be submitted to the AECB prior to the award
of a construction license, and a Human Factors Program Report (HFPR) would be
submitted as part of the request for an operating license. This report would present the
evidence that the plan had been implemented as intended.
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4.2 Future Human Factors Concerns
The human factors guiding documentation supports some of the findings made in the
"Review of Human Factors Guidelines" report (ref. 33 - INFO 0543). The document
states that most human factors professionals develop their own guidelines which are
specific to the situation they are analysing. The guiding documentation will allow the
specialists to determine the scope of the guidelines which would be appropriate, and
provide them with useful sources of guidelines from which to select relevant guidance.
The document mentions the fact that the sources of human error are shifting from operatorbased to maintainer-based causes as systems become more automated. The guiding
documentation discusses both the process and detailed issues relating to maintainability,
and advocates that it is treated like operations tasks, and addressed throughout the design or
assessment process.
There was representation within the specialists interviewed in part one of the study, that
more emphasis is required upon root cause analysis, rather than focusing on error rates and
probabilistic predictions. The guiding documentation stresses the importance of human
error analysis from a qualitative viewpoint, and discusses data recording issues relevant to
prevcntative measures, as well as incident investigation. The effects of management
policies upon performance are becoming increasingly recognized as vital to the safety and
efficiency of nuclear facilities. Management commitment is discussed as an important
feature in the organization of a human factors program, and management issues are
addressed where relevant within the more detailed contents of the individual guides.
Cognitive issues relating to tasks within a nuclear control room have been identified as
requiring future attention. The contents of the guiding documentation includes discussion
of cognitive task analysis and discusses cognitive performance shaping factors in addition
to workplace design features which may impact upon performance. It is felt however that
there is scope for further research in this area in the future, particularly in relation to the use
of highly automated systems. Due to the increasing level of automation, the guiding
documents have attempted to focus on the human-computer interface and workstationrelated issues.
5.
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HUMAN FACTORS GUIDES
PART B: GUIDE FOR THE DEVELOPMENT OF A HUMAN FACTORS PROGRAM
A report prepared by Johanne Penington of PHF Services Incorporated under contract to the
Atomic Energy Control Board.

ABSTRACT FOR PART B
This document is an AECB Guiding document, which provides advice to their licensees about
the planning of a human factors program for a design or assessment project. As stated, the
aim of the document is to provide advice, rather than specifying strict requirements which
must be adhered to. The guide is intended for use by facility managers, project managers,
project personnel and human factors specialists, to provide an integrative approach to design
and assessment.
This document outlines some of the general aspects of human factors philosophy, which are
relevant to the planning of a program, and discusses the applicability of the guide to the
nuclear industry, although it is acknowledged that the issues contained in the guide may also
be appropriate to other industries. The document then focusses on the objectives of
implementing a human factors program, and how the document can be used to fulfill these
objectives. The essential considerations of the planning process are discussed in direct
relation to human factors, such as the scope, resources and constraints of a program,
scheduling, budgeting, coordination and the monitoring of progress. The guide then
proceeds to outline the elements which could usefully be included in a human factors
program, and addresses such issues as when in the design process the elements may be
included, who may be expected to perform the analysis, and the expected interaction with the
rest of the project team.
This document touches on how to effectively integrate human factors activities into the
design and assessment process and provides some discussion of how testing and evaluation
may be carried out to address human performance-related issues. The final section of this
guide introduces the use of checklists to verify the inclusion of all necessary considerations
relating to human factors, and to monitor the progress of the program.
This guiding document is one of three produced by the AECB to guide their licensees in the
consideration of human factors issues. The Activities Guide (ref. 12), addresses the types of
methods which can be used to achieve the goals of each of the program elements and The
Design Integration Guide (ref. 13) details some of the human factors issues relevant to the
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design process, and how they can be integrated into the design process, in order to have an
impact upon the design.

DISCLAIMER
The Atomic Energy Control Board is not responsible for the accuracy of the statements made
or opinions expressed in this publication and neither the Board nor the author assumes
liability with respect to any damage or loss incurred as a result of the use of the information
contained in this publication.
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EXECUTIVE SUMMARY FOR PART B
It can be said that the development of mass production and the assembly line during the war
prompted the post war consideration of the optimization of the worker within the working
environment. The Ergonomics Society in the U.K. was formed in 1949 and in the decade
following, there was human factors activity within the industrial environment. The Human
Factors Society in North America was formed in 1957, but initially much of the human
factors work was concentrated in the military and the aerospace industry, with the
development of space travel and the improvement of defence systems. Interest in human
factors applications within the nuclear industry developed in the U.S.A. as a result of a
nuclear reactor safety study (WASH - 1400), that documented an increased risk potential as
a result of discrepancies in control room, panel and instrumentation design.
It was not until the Three Mile Island accident in 1979 that the nuclear industry realized the
importance of human error. Investigations into the causes of the accident revealed
inadequacies in training (particularly in emergency scenarios), manning levels,
instrumentation design, procedures and priorities in terms of safety versus productivity
issues, Improvements in the above areas were made based upon experience and
experimental research. The study of human factors was given further impetus by the
Chernobyl incident in 1986 where the causes were identified as being not only poor
procedures, but violation of safety procedures and a lack of operators' knowledge of the
fundamental workings of the plant. This prompted studies in the areas of safe working
practices and emergency planning, as well as in the more traditional instrumentation design
and training issues.
Human Factors guidelines were produced in the 1980s by the Nuclear Regulatory
Commission (NRC) and the Electric Power Research Institute (EPRI) in the U.S. and were
followed in the late '80s and early '90s by American and Canadian National Standards.
The British nuclear industry has been regulated in the area of human factors by the Nuclear
Installations Inspectorate (Nil) in the mid to late 1980s, but this became formalized in
1989. The Advisory Committee for the Safety of Nuclear Installations (ACSNI) set up a
subgroup at this time, to solely address human factors issues, in terms of performing
research and addressing problems at nuclear facilities.
The regulation of the nuclear industry in Canada is just beginning to formalize its approach
to human factors. The role of the Atomic Energy Control Board (AECB) in the design
process of a nuclear facility is to license the facility upon demonstration that the design will
operate without undue hazard to workers, (lie public and the environment, and to ensure
that these standards are maintained throughout the operating life of the facility. There arc
three major stages in the licensing process:
- site acceptance
- construction approval
- issuance of an operating license
A project officer is assigned to the design project from the beginning, to report progress
and achievements to the AECB. The project officer is responsible for discussing any
inadequacies with the facility. When a full operating license is granted, the project officers
work at the site full time to ensure that the conditions of the license continue to be met.
The AECB currently has no fixed regulations relating to human factors issues. The AECB
docs not instruct their licensees specifically how to perform human factors analyses, but the
licensee is required to consider the human capabilities and limitations in all phases of design
and operation. Until now, human factors specialists have become involved in regulatory
activities as a result of issues raised by the site representatives, or due to specific
undesirable events which have occurred, that may have human factors implications. In the
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future, the licensees will be expected to provide evidence of the consideration of human
factors issues into the design process at each stage of the project, and this will be
supplemented with checks carried out by the AECB at certain intervals to ensure the
continuing effectiveness of these considerations.
Interactions with the licensees have demonstrated that communication is required regarding
the expectations of the AECB and the scope of human factors issues which are relevant.
The purpose of this document is to provide the licensees with some guidance as to the
useful elements of a human factors program, to be incorporated into the design process,
which will attempt to ensure the safety, efficiency and productivity of the system, before
the system becomes operational. It is intended that this guide will be specific to the nuclear
industry in that it will address program elements which are compatible with the scope,
limitations, potential hazards and other issues relating to nuclear power production.
This guide is one of tliree in a set which is intended to give the licensees direction in their
treatment of human factors issues, '(ids document addresses the planning of a human
factors program. The "Guide to Human Factors Activities" (ref. 12) discusses in more
detail how the goals of each of the program elements are achieved and the techniques which
may be used to achieve them. The third document, "A Guide for the Integration of Human
Factors Issues into Design" (ref. 13), discusses the detailed issues which may be
addressed, and how they are integrated into the process to ensure an impact upon design.
The "Guide for the Development of a Human Factors Program" is intended for use by
managers of facilities and project managers so that they may plan for human factors
activities within the scope, resourcing and cost of a design project, assessment project or an
upgrade. In addition, it will allow members of the project team, and the human factors
specialists themselves, to see the extent and timing of their input. Expectations as far as the
human factors input is concerned can therefore be clarified at the commencement of a
project to avoid uncertainty or unexpected costs later in the process.
The emphasis of project planning and organization on accommodating human factors issues
is based upon the Systems approach to design. A design will only be successful in
fulfilling its purpose if it is acknowledged that it is a system, made up of a number of
different components which interact. A system can be said to be an entity which exists to
carry out a particular purpose. A system is composed of interacting elements, which
include equipment and personnel. Personnel encompasses workers, supervisory staff and
managers, and within what may be called workers are those directly involved in the
operation of the plant, contractors and maintenance personnel. Human factors is the
discipline which examines and optimizes the interfaces between the above elements and
therefore encompasses the sociotechnical system. Interfaces exist between the system and
its regulatory environment, between managers and the workforce, between the different
groups of personnel who make up the workforce, between workers and the equipment and
between workers and their physical environment.
The intent of the program guide is therefore to provide an integrative approach to design,
and to direct users in the development of design process which will addresses these
elements. It is not sufficient to design a system and then perform a human factors review
upon completion, since at that stage it may be impossible or costly to make the
recommended modifications. It is more effective to ensure these issues are addressed
during the design stages so that they may have maximum impact on the final outcome. The
intent of the guide is also to assist the user in decisions regarding the most effective stage at
which to address particular human factors issues which impact upon system design.
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1.

INTRODUCTION
1,1 Scope

The purpose of the guide is to direct users in the development of a human factors program
which can be effectively integrated within the design and assessment process. It is no more
acceptable for the human factors characteristics to be specified without consideration of the
design intent, than it is for the design to be completed without consideration of the human
operator, There is usually no absolute right or wrong answer to a human performancerelated question, but an appropriate answer for the specific situation in hand. An example
is the question "what is the correct choice of display for tank levels". The answer depends
upon how that information needs to be used by the operator in his task. The question "how
should a work permit system be implemented?" requires information about management
and supervisory structures, operational philosophies and lines of authority and
responsibility. It is clear then that a systems approach should be used to ensure that design
promotes the effective interaction of different elements of the system.
The word system in this context refers to the socio-technical system, which is an entity
made up of personnel interactions, as well as interactions between personnel and
equipment. Throughout this document the word system will adopt this meaning unless
specific reference is made to a conventional engineering system, in which case the
terminology technical system or operating system will be used. Figure 1 shows the
components of a sociotechnical system.
When using the systems approach, it is clear that the design of a safe and effective
operating system requires more than simply the consideration of the operator's needs in the
area of equipment design and workplace layout. It requires examination of all interfaces
within the system. In order for effective interfaces to exist between management and
workers, between different groups of workers, between workers and their equipment, and
between workers and their physical environment, a number of different human factors
aspects require examination.
A good interface between management and the workforce requires effective management
practices and policies, which are implemented, monitored for effectiveness, and continually
improved. Certain organizational mechanisms need to be created to permit the above to
function in an effective manner. Issues such as communication within and between the
levels of the personnel structure are an important feature of these interfaces, and training
and procedures must be addressed to ensure that they are appropriate, compatible with each
other, and promote the required communication for the tasks to be carried out.
There are a number of undesirable environmental conditions which adversely affect human
performance e.g. excessive noise, high temperatures and inappropriate lighting levels.
Environmental requirements are task-specific and so demand examination within their
particular context. Other performance shaping factors within the work environment which
are potentially detrimental to human performance and require examination, are excessive
physical and mental demands.
System safety, reliability and maintainability should be considered to reduce operational
down-time and thereby increase efficiency. General system effectiveness should be a
production goal. In addition, the facility has certain responsibilities to the workers and the
public in terms of the maintainance of occupational health and safety, public safety and
protection of the environment. All of these features should be integrated into the human
factors program.
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Figure 1 : Components of an Integrative System Safety Analysis
Adapted from Shikiar (1985)
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Although one of the objectives of the human factors program is to reduce the potential for
incidents resulting from human error, consideration needs to be given to appropriate actions
in the event of an emergency. Not every potential unplanned event can be predicted and
considered within design, and human behaviour will impact to a large degree on the
successful evacuation and/or return to safe conditions of the plant or facility.
The scope of this document is to discuss the above mentioned human factors issues as
elements of a program which would be applicable for a design or assessment project, at
what stages these elements would be most useful and how the elements would interface
with the rest of the project within a systems approach. The guide discusses aspects of the
planning and management of the human factors process, which will allow for the
successful implementation of human factors into design, test and evaluation activities.
Discussion of specific approaches and techniques to fulfill the goals of the program
elements, and specific human factors issues and their integration into the design, are
outside the scope of this guide, but are addressed by references one and two.
1.2 Human Factors Philosophy
In the past, decisions have been by the designer as to the equipment and instrumentation
requirements of a system, and the finished product has been passed to the users to operate.
This philosophy does not usually take into account, during the design stages, how the
technical system will be operated. This can lead to such difficulties as:
- an operating system which is not compatible with the user's mental model of the system
- an operating system which is incompatible with the physical and/or mental capabilities of
the operators
- an operating system which is prone to human error and as such will be subject to down
time and possibly result in accidents.
It is essential that a process be implemented which considers human capabilities and
limitations, and through which the users have an input to the design of their own system.
This will ensure that the above deficiencies are not created, and of course, results in a safer,
more cost-effective operating facility. Assessment and upgrade projects should include
analyses which addresses the above deficiencies.
To prevent the creation of adverse system characteristics, human factors should be
incorporated as early as possible into the design process. The personnel who will be
operating the control system should be involved in this process to ensure that their concerns
will be addressed. This will eliminate the likelihood of cosily modifications being required
later in the process. In order for human factors issues to be successfully included in the
design process, the other members of the project team need to understand what human
factors is and how it will affect their job. This requires a certain amount of training to
promote an understanding of human factors principles, but this training must be directly
relevant to the particular groups of personnel within the design team. For example, it
would be relevant to teach the architects or civil engineers about workplace layout and
environmental issues, and it would be relevant to teach the electrical engineers about
principles of control and instrumentation' design. To attempt to train the whole project team
in all aspects of human factors would be unproductive. This matter is explored more fully
in section 3.3.2 "Human Factors Training Issues".
Constant communication between project personnel is essential to ensure that practical
solutions are achieved. Collaboration between the different project team members will
foster positive relationships of respect and understanding of each other's discipline, and so
is essential for the smooth running and timely achievements of the project. It is particularly
important in the development of a usable design, as most final designs are the product of
recommendations and compromises. The priorities of a human factors specialist are to
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reduce human error, and in doing so, optimize safety, efficiency and productivity. Whilst
the priorities of an instrumentation designer can be said to be the same, there are other
issues to be factored in to the process, such as cost, availability of materials/products etc.
In order for the design process to effectively include human factors considerations, the
design team and the human factors team should work together. A human factors specialist
may recommend a particular design of a control or display which it may not be practical to
use for reasons, such as inadequate quality assurance, or difficulties when used with other
instrumentation within the same task or on the same panel. A compromise then has to be
made by both parties, ensuring that essential targets are still met i.e. safety and productivity
targets.
The underlying principles of human factors which should be considered throughout the
program include the following:
designs should bear in mind both the physical and mental capabilities of the users
and so not impose excessive demands upon the worker.
interfaces should provide the information that the user needs to know but should
not include any redundant information
interfaces should be as simple as possible, not mistaking complexity for
sophistication
designs should be based upon the demands of the task that the operator is required
to carry out
the operator should be provided with feedback of information on the success or lack
of success of their action. Information about the status of the system should be
present at all times
interfaces should be robust against user error as far as is possible
standardization should be employed as far as design and operational philosophies
are concerned in order to create consistency and compatibility
1.3 Applicability of the Guide to the Nuclear Industry
The use of human factors in the design of nuclear facilities is important due to the
potentially hazardous nature of the industry. Safety is the ultimate priority. It can be
argued that any unsafe act or actions which lead to operations outside the safe operating
envelope of a CANDU reactor, will result in the automatic shutting down of the reactor.
There may be scenarios which are unpredicted however, so there needs to be some
consideration of the human actions required to operate the reactor, or shut the reactor down
to a safe state, in the event of the failure of the automatic systems. Equipment reliability is
outside the scope of this document, but an additional safety philosophy which is adopted
aims to reduce as far as possible the demands on the interlocking and automatic shutdown
systems.
This guide is applicable to nuclear power plants, research reactors, fuel fabrication facilities
and waste disposal plants. It is important to examine the complete nuclear life cycle from
fuel production to waste disposal, rather than just focusing on the operating phase of a
nuclear power plant. The reason for this is that the effectiveness of fuel production will
impact upon the success of reactor operations, and the effectiveness of waste disposal
activities will impact upon the acceptability of nuclear power as an option, due to its effects
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upon both personal and public safety. In addition to the safety considerations,
productivity is a concern for power reactors. The facilities are providing residential and
industrial electricity supplies and they have obligations to meet. Downtime equals loss of
money to electrical generating companies. It is important therefore to reduce the potential
for operator error as far as possible.
Research reactors are governed by the same safety priorities as power reactors (although
the causes of unsafe conditions may be different), but their productivity targets may be less
significant. If a research reactor is dedicated to isotope production then periods of
shutdown are equated with failure to meet productivity targets. If the research reactor is
used for experimental purposes, then the same emphasis is not placed on keeping the
reactor running. (For example, in order to test the characteristics of nuclear fuel, it may be
the intent to record certain parameters at the point at which shutdown is implemented). The
priorities in this case are the applicability of the design for its purpose and for the activities
that will be carried out, and the safety of the operations personnel and the public.
Fuel fabrication facilities are driven by the safety priority and by their goal to achieve
quality in terms of producing the fuel to specification. The optimization of human
performance should be examined in relation to both of those factors. The quality aspects
will undoubtedly have an impact upon safety when the fuel is used in the reactor. During a
design or assessment project, more emphasis may be placed on human factors design
aspects relating to precision instruments and inspections, than in the reactor environment.
Within waste disposal operations, the emphasis will be placed upon human error potential
within tasks which could result in the expulsion of material into the environment, which
should be further treated or stored in a different fashion, in addition to reducing the
likelihood of personnel being exposed to potentially hazardous substances. The human
factors program should take into account the differences in the nature of operations within
these systems and also the differing priorities, in order to ensure that the program is tailored
for its specific purpose. This guide will provide advice as to how this might be achieved.
There are other types of facilities which may benefit from human factors involvement, such
as hot cells and other experimental laboratories.
Human factors issues have a role to play in the different phases of system development,
and are not just related to design. There are certain aspects of human factors which can
only be fully addressed during construction e.g. an assessment of the working environment
in terms of noise, thermal and lighting factors; and there are certain aspects which can be
checked, such as access spaces for operations and maintenance. Certain design features
cannot be tested until the commissioning stage, such as the usability of certain pieces of
equipment and the verification of operating instructions.
Considerations which are appropriately addressed in the operations phase are, for example,
the effectiveness of training, the usefulness of the procedures, and the suitability of the
incident reporting scheme. Human Factors input to the effectiveness of a system does not
cease once the system is operational. There should be a process of continuous
improvement, based upon monitoring the success of the mechanisms which exist within the
operating environment. This philosophy is based upon the premise that not all aspects of
human behaviour, and its impact upon operation can be predicted beforehand, and the
system may be subject to modifications during its lifetime which will impact upon such
issues as training and procedures.
Decommissioning is a phase which is often ignored, given that it refers to the dismantling
of a system. It should be considered however, that decommissioning refers to the safe
dismantling of a system which is no longer required for use, to a state where it can be
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safely abandoned. The reduction of human error in this still potentially hazardous
environment is an important consideration, and all human factors considerations relating to
the working environment, the use of equipment, and anthropometries are just as important
here as during the design phase, given that safety, efficiency and comfort remain our goals.
In addition some decommissioning issues require consideration during the design stages,
such as the design of equipment so that it is easily removable.
It is a common misconception that human factors applies only to the design of control room
areas. Humans interface with equipment and instrumentation in other plant areas, even in
facilities which use high technology computer control systems. There are still areas where
manual valve manipulations may take place (to a large extent in some of the older plants),
where maintenance operations and manual handling activities are required. In addition,
consideration needs to be given to working areas such as specified maintenance shops,
office areas where paperwork is completed and/or data entry activities may take place, and
storage areas where incoming and outgoing transfers of material are made. Issues such as
lighting levels, temperature, and access space are applicable to all of these areas, in addition
to issues such as equipment design and operator error. The program plan should ensure
that consideration is given to all areas of the facility.
The program guide will address program elements which are suitable for the design of
new, high technology systems and the assessment and upgrade of older facilities. This is
to ensure that the program developed by the user of this guide is compatible with the level
of technology which is being considered, and therefore operates effectively within the
given constraints. There is little use in developing a human factors program which is really
beyond the boundaries of the project in hand.

1.4 Objectives of the Human Factors Program
The objective of the inclusion of human factors issues in the design process is to ensure
that the system is robust against operator error; in other words the technical and sociotechnical system design prevents operator errors from occurring, allows recovery from
errors committed, or mitigates against the consequences of these errors. In addition, the
aim is to provide an operating system which is usable and compatible with operator
capabilities. The Human Engineering Procedures Guide (ref. 2) provides a useful
discussion of the benefits of including human factors in the assessment process, and the
problems resulting from the lack of consideration of human factors.
The reasons why it is useful to develop a program for the inclusion of human factors
activities are:
it will allow the project manager and project team to plan ahead in terms of
resources and the establishment of project interfaces
it will ensure a more thorough and systematic application of human factors issues; it
will ensure that the issues are handled in an efficient and effective manner
and it will provide a plan which can be used again in the future as a framework for
future design programs.
In addition, it will encourage other disciplines to think about human factors issues in their
future work.
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1.5 Use of This Document
This document provides guidance relating to the planning stage of program development.
The results of the planning stage and the production of a program plan will depend very
much upon the scope of the project (whether it is a large design project, an upgrade project
or a small assessment project), the resources available (in terms of finance and staff), the
level of commitment to the inclusion of human factors, and any constraints to the process.
The planning stage will also consist of defining lines of communication and responsibility,
selecting a team of specialists, and defining the process itself in terms of the content,
decision-making and implementation of recommendations. These issues are addressed in
section 3 of ihis guide.
If a human factors program has either been developed or already exists within the
company, or is supporting a specific project, then a comparison can be made with the
elements of programs suggested by the guide in order to verify that the process is well
defined, consistent and thorough. Section 4 of this guide discusses the use of checklists to
review the human factors program.
A large design project from start to finish will ideally include all defined program elements,
but upgrade or assessment projects may need only particular elements which are specific to
the purpose of the project. For example, if a new piece of equipment is to be added to a
plant, human factors input would be required to the design of the piece of equipment, and
an assessment made of the impact it would have upon training requirements, procedures,
workload and the environment. The scope of work required would be very different from
that of a new facility design, where task analysis of all operations and maintenance
activities may be required for design purposes, and for the identification of training needs,
in addition to other human factors requirements. The program planning advice will assist
in obtaining an effective and productive level and scope of analysis.
There is a need to establish human factors programs at facilities in order to ensure that
human factors is considered to be an integral part of the design process, that it is considered
at all stages of the development of the operating system, is applied to all plant areas and to
all activities which will take place at the facility. Developing a human factors program will
institute some consistency in the way in which human factors is applied within the design
and assessment process. The provision of this guide and the resultant development of a
program plan does not replace the need to hire human factors specialists to coordinate the
plan and carry out human factors activities. A certain level of human factors awareness is
necessary in planning a human factors program, but expertise in performing analyses,
interfacing with other project personnel, and effective decision-making is essential to the
implementation of die plan. Human factors training and experience is also required to
make certain appropriate trade-offs between ideal human factors solutions and cost
considerations.
When a project is undertaken, the design team does not always belong to the owner
company. The entire project or certain positions within the project team may be contracted
out to other specialists within that field. It is recommended therefore that the guide is used
in these circumstances to ensure that human factors issues are adequately addressed by the
contractor, and the review checklist may be used to verify their proposed integration of
human factors issues.
The guide may prove useful to other groups in the AECB in their role of monitoring the
regulatory aspects of new designs and upgrade projects, to identify omissions, and where
and when to seek human factors advice. The guide will also enable the AECB to refer to
specific and consistent advice when licensees request information on human factors
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programs or invite comments on the way in which they are already dealing with human
factors issues.
This guiding document is designed for use by managers so that they may plan the design
process in terms of the choice of project personnel, costs, scheduling and project interfaces
for the designing, building, commissioning, operation and decommissioning of facilities
and systems. The guide is also useful however, for the project team to examine their own
requirements in terms of the incorporation of human factors issues, how and when they
must interface with human factors specialists, and how this will impact upon their project
role. It is essential that both the management and the specialists themselves are committed
to the human factors program in order to achieve a successful outcome. The development
of the program plan will inevitably be the result of collaboration between the manager and
the human factors specialist. Specialists themselves will find the guide useful in that it
describes for them their scope and scheduling of work, in what areas their expertise is
required, and gives them a general action plan to which to adhere.
2. BACKGROUND TO HUMAN FACTORS
2.1 Historical Background
Although the Human Factors Society in the U.S. was founded in 1957, the Human Factors
Association of Canada (HFAC) was not formed until 1968. At this time, there had been a
certain level of activity in this field within the defence industry, but there was very little
incidence of human factors considerations within industrial environments. The founding
meeting of HFAC took place on June 1st, 1968 at the Defence Research Establishment in
Toronto and the membership has grown consistently since then, and has expanded beyond
what was then an Ontario based organization to a body which coordinates human factors
interests Canada-wide.
During the 1970s there appeared to be a move away from defence-oriented work towards
academic-based research. This academic interest in human factors has been maintained and
is reflected in the development of university courses which provide instruction in this area.
These courses seem to have developed as graduate courses or modules which form part of
other courses, such as manufacturing engineering, rather than separate graduate programs.
The Three Mile Island Incident in 1979, prompted interest in the area of human factors
within the nuclear industry in Canada, as it had in other countries. The issues of human
performance and operator error were examined in relation to control activities within
nuclear power plants. The Atomic Energy Control Board, as regulators of the nuclear
industry in Canada, realized that they had a responsibility to examine human performance
issues through the use of research and the influencing of the behaviour of their licensees.
Human factors activity within the AECB has increased momentum since the late 1980s and
early 1990s, by the designation of a group of personnel dedicated to human factors issues
and the integration of human factors considerations into the licensing process.
The examination of human-related issues within the nuclear industry, and public exposure
to some of the human factors problem areas, led to the consideration of the impact of
human performance in other industrial environments, such as the process industry.
Organizations in Canada are in general examining such issues as workplace layout, the
prevention of workplace injuries caused by poor job design, environmental factors such as
the thermal environment, noise and lighting and the design of the workplace for the use of
visual display terminals (VDTs), where appropriate. The Ministry of Labour in Canada
examines human factors issues as part of their assessment of the safety of workplaces.

B9
The focus of human factors considerations has been on the traditional areas of control and
instrumentation design, the workplace environment and injury prevention. In the past few
years however, there has been a realization of the importance of other aspects of human
behaviour relating to management and supervision issues. This is true both within and
external to the nuclear industry.
In general, the application of human factors within industry in Canada is becoming more
systematic and thorough with the introduction of human factors issues within Canadian
standards, more documented human factors approaches to problems and in some cases the
introduction of proactive human factors processes within organizations.
2.2 Human Factors Standards and Guidelines
There are various different types of texts which can be used for human factors assessment.
They can be loosely grouped into standards, guidelines and other sources of human factors
information. It is useful to understand the difference between them. Standards relating to
human factors may be international or national and they are written, reviewed and updated
by standards committees. Standards detail characteristics of design which must ( or
shall) be adhered to. The penalties of not adhering to the specified characteristics may be
non acceptance and can result in a failure to obtain or loss of a license associated with the
operation of a piece of equipment or a facility.
Guidelines however, provide recommendations for design features and practices which will
improve the ability to achieve the goals of the system, and so the terminology in this case
consists of should phrases. The penalties associated with non conformance may be
detriments to safety and performance of the system, and may still lead to concerns from a
regulatory point of view, if the design is deemed inadequate. An examples of a standard is
"Human Engineering Design Criteria for Military Systems, Equipment and Facilities"
(MIL-STD-1472D - ref. 9). An example of a guideline document is NUREG 0700
"Guidelines for Design Review of Nuclear Power Plant Control Rooms" (ref. 10).
An additional term which the user may come across is a "Guide" or "Guiding Document".
These types of documents are similar to guideline documents but they provide suggestions
and advice rather than specific recommendations relating to a particular issue. For example
a guide or a guiding document may suggest that aspects of the physical work environment
should be addressed to ensure lighting levels, the thermal environment and noise levels are
appropriate for the task in hand, whereas a guideline might specify that in areas where
communication is required noise levels should not exceed 65dBa. A standard however,
would state that noise levels in a working environment must not exceed 95dBa.
The definitions of standards, guidelines and guides may prove useful in understanding the
differences in concept but unfortunately their content does not consistently adhere to the
above explanations. Some standards documents contain guidelines and guideline
documents have a tendency to lack specificity and therefore require interpretation. An
example of the latter is a guideline which states "appropriate lighting levels should be
provided". This requires the identification of the activity to be carried out in that particular
work area and the investigation of the lighting level which encourages optimum
performance by the operator. A non human factors expert may not therefore be able to
confidently apply this guideline.
Human factors texts usually contain a certain amount of theory relating to the area of human
factors which is being discussed and provide a mixture of standards and guidelines which
are appropriate. Whilst particular human factors texts are useful for addressing the specific
elements of the human factors program, they do not provide much guidance relating to the
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program planning stage and will therefore be discussed in more detail in the activities guide
(ref. 12).
In terms of developing a human factors program, one of the most useful of the references is
EPRI3659 "Human Factors Guide for Nuclear Power Plant Control Room development"
(ref. 3). This document discusses the elements to include in a human factors program, the
sequencing of activities, definition of roles and responsibilities within the project team,
human factors qualifications and allocating resources and estimating costs. It also contains
a useful checklist for the development of a human factors program plan to ensure that
consideration has been given to all the essential elements. Although this guide is intended
solely for control room design, the advice can be extrapolated to include local to plant
design considerations.
NUREG 0700 "Guidelines for the Design Review of Nuclear Power Plant Control Rooms"
(rcf. 10) does not address design in relation to local to plant areas (as for EPRI 3659), and
in addition, focuses on reviewing existing designs rather than creating new designs. This
aspect of the guidelines presents limitations in that it does not discuss appropriate design
stages for human factors input and does not address interfaces within the project team.
NUREG 0700 does however discuss the selection of the human factors project team, the
data requirements for carrying out a review, and issues relating to scheduling.
The International Elcclrotechnical Commission's document "Design for Control Rooms of
Nuclear Power Plants" (ref. 6), as with many of the other guideline documents, deals
solely with control room design. Other disadvantages in the use of this document are that
the guidelines are open to interpretation (for example, they state that an appropriate type of
display should be used for the particular function required), and the document discusses the
human factors process, but in isolation to the rest of the design process. Again this means
that interfacing within the project team and coordination of human factors activities with the
design process is not addressed.
"The Human Engineering Procedures Guide" (ref. 2) will be useful for the user in
describing the benefits of carrying out each of the elements within a human factors program
and discussing the problems which may arise as a result of not including human factors in
the design process. The document addresses the budgeting and scheduling of activities and
presents the human performance issues associated with testing and evaluation. The
document also discusses project interfaces but is fairly general in terms of its advice. The
major disadvantage with this document is that it is specific to the aerospace industry, and
although it is relevant to the nuclear industry, may require some interpretation of the terms
used.
The "U.S. NRC's Human Factors Program Plan" (ref. 11) provides advice and guidance
as to the important program elements to be included and the setting of priorities. In
addition, the document describes the benefits of accomplishing the goals associated with
each of the program elements. There are some limitations associated with the use of this
document which the user of this guide should be aware of. It refers more to human factors
programs for the improvement of existing facilities rather than design, which may or may
not be an advantage, depending upon the project goal. The document discusses the issues
in a way which is specific to the U.S. nuclear industry and so requires interpretation to be
beneficial to CANDU plants. The focus tends to be on the regulatory action which should
be taken as a result of deficiencies in human factors, rather than action to be taken by the
facilities themselves.
"Good Practices for Improved Nuclear Power Plant Performance" (ref. 5) docs not
explicitly address human factors but discusses implicitly many of the issues which would
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be of concern to a human factors specialist. The document discusses such issues as safety
organization and safely indicators, procedures design, conduct of operations and
operational aids, maintenance issues, incident reporting and investigation and training
practices. It is a useful document to assist in decision-making about the content of a human
factors program and defines some of the important issues to be examined, but it does not
address any of the other issues relating to program planning, such as project organization
and resourcing.
Specifically related to design for effective maintenance, the user should consult the EPRI
document "Human Engineering Design Guidelines for Maintainability" (ref. 4). This
document provides general guidance concerning maintainability in the design process and
guidance for the integration of human factors concerns into existing facilities. In addition
to specific maintainability guidelines, this document contains a Human Factors
Maintainability Program Plan as an appendix. The program plan refers to other standards
and guidelines which would be useful in carrying out the program of work and discusses
the type of human factors analyses to be carried out when designing for maintainability.
The program plan provides a general discussion of human factors input at different design
stages and addresses documentation to be yielded by the analyses. This appendix
discusses the organizational aspects of including human factors specialists in the project
team and touches on subcontractor coordination issues.
There may be other documents which address the development of a human factors program
within design and assessment processes, but those discussed in this section will provide
the most useful guidance. It is not deemed useful to provide an exclusive list of references
to the user, at the risk of creating confusion or encouraging time-consuming research prior
to program development which is not cost effective.
2.3 Special Considerations for Nuclear Facilities in Canada
The considerations discussed in this section will not necessarily only affect the nuclear
industry in Canada but are likely to be relevant for other potentially hazardous industries
and the nuclear industry outside Canada. It is useful however, to discuss the issues in this
particular context. The Canadian nuclear industry consists of facilities of varying ages, and
hence make use of varying levels of technology. One of the obvious concerns therefore,
relates to the assessment and upgrading of existing systems. There are often constraints
imposed upon the upgrading or modification of existing systems, by the level of
technology of the system and the extent to which modifications can be made. The aim is
usually to upgrade the existing system to achieve the prescribed goals and to meet today's
safety and regulatory standards as far as is possible and practicable.
Traditional human factors concerns within the design process include design strategies to
optimize the following:
- instrumentation design appropriate for its specific purpose
- instrumentation layout to facilitate task completion
- access to equipment and instrumentation
- training and retraining strategies
- use of procedures
With the introduction of highly automated systems comes a new breed of human factors
problems. One of the most prevalent appears to be the issue of allocation of function.
How much should be automated to achieve the optimum balance between overloading the
operator and creating monotony, and how can it be ensured that in the event of a system
failure or malfunction, the operator will have the knowledge and the experience to detect the
problem and restore/ maintain the system in a safe state?
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The concerns within this issue include mental/cognitive workload, supervisory control
issues and system recovery during emergency procedures. In terms of cognitive workload,
the aim is to assist the operator to the point where s/he is not overloaded, but ensure that
they maintain an awareness and understanding of plant and equipment status and
operational trends. Supervisory control may be implemented through the use of automated
systems such as expert systems or operator advice systems, or imposed by a member of
personnel in a supervisory position. With both of these scenarios, questions remain
unanswered about the level of supervision which is required, whether this should be in the
form of suggestions or orders, whether supervision should be imposed or requested and
where the responsibility and authority for the resulting actions lies.
Although the aim of the operation of a plant or facility is to interlock the systems such that
an undesirable situation is not likely to occur, there are likely to be unpredicted scenarios,
operator errors and/ or equipment failures which will result in undesirable circumstances.
In order for the operator to be able to restore the system to a safe state the following must
exist:
- an understanding of current equipment and system status
- clear indication of the problem
- understanding of the appropriate actions to take to restore the system
- accurate expectation of the results of the chosen operator actions
To create the above conditions, the design must optimize the presentation of information
and feedback to the operator, the training program must ensure that the operator is familiar
with possible abnormal situations and their remedies, the procedures must be well
designed, and the alarm information should ensure accurate diagnosis of the problem.
A number of these issues have been addressed and are being improved by the increased use
of simulators to validate the user interface, and also to create varying abnormal scenarios
for the operators to resolve during training. The development of training programs has
become more systematic and refresher training is being addressed. Alarm system design
has been improved in terms of providing screening to remove irrelevant alarms (alarm
conditioning) and implementing the prioritization of alarms.
Procedure writing has improved and there is more of an emphasis on symptom-based
procedures, rather than system-based procedures, to facilitate diagnosis. This is
particularly important, as in the past reliance has been placed upon the operator to diagnose
the problem and then select the procedure which relates to that specific problem. If an
incorrect diagnosis is made then the incorrect procedure is chosen and there is little potential
for recovery. If the procedure guides the operator through the symptoms to the possible
solutions, the likelihood of error is reduced and the potential for recovery increases.
The use of computer control systems within the nuclear industry demands that an emphasis
is placed upon the design of the human-computer interface, to ensure that effective control
is implemented and useful feedback is provided to the operator. There has been some
inconsistency in the past regarding the design of individual screens, relating to specific
systems versus screens dedicated to specific tasks. Trade-offs are invariably required
between presenting the operator with all the information s/he needs to know at any one
time, and not creating clutter on the screen due to an excess of information. In plants
where both hardwired and computer control systems exist there is a need to ensure
consistency between the two systems in terms of layout, colour coding, units of
measurement etc. In addition there are other issues relating to the human-computer
interface which will affect human performance, such as the ease of navigability throughout
the control system and the familiarity and meaningfulness of the messages displayed to the
user.
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The results of research, experimentation and past experience in each of the above areas is
being incorporated into new designs as far as possible, but it is sometimes difficult to
implement the recommendations within existing designs. Further work is required to
establish specific design guidelines which will resolve the aforementioned problems and
ensure that the new designs do not create new human factors inadequacies. It is in the
mutual best interests for the different plants, facilities and design institutions within the
Canadian nuclear industry to resolve the above issues and improve their designs, so
research and information is shared within the industry. One of the mechanisms which
allows this to happen is the CANDU Owner's Group (COG). Cog was set up in mid 1984
and its members consist of the CANDU utilities, AECL Research, AECL CANDU, and
some foreign utilities which have access to the information generated, although they are not
permitted to sit on the technical committees.
The mandate of COG is to perform cooperative research to resolve industry problems both
short and long term and is funded mainly by the utilities, but with some funding from the
federal government for research purposes. It is not confined to human factors issues. A
number of working parties have been established to address different areas such as fuel
handling, chemical engineering and processes, and working party sixteen has been set up
to address instrumentation and control issues. This working party has the responsibility to
examine human factors issues such as the design of the visual display terminal (VDT)
interface, automation, workload assessment, human performance, training, procedures and
organization structure and culture.
The collaborative nature of human factors within the Canadian nuclear industry is also
promoted through the Human Factors Association of Canada (HFAC), which was founded
in 1968. Their goals are as follows:
- to encourage communication between people with an interest in human factors
- to promote professional opportunities for Canadians in the field
- to raise the standards of practice in human factors.
Their goals are achieved through die dissemination and exchange of information in the form
of newsletters, journals and conferences.
3.

HUMAN FACTORS PROGRAM GUIDELINES
3.1 Planning Guidelines

This section of the document discusses the following aspects which need to be addressed
during the planning of the human factors program:
- management commitment
- scope and resources of the program
- program constraints
- lines of communication and coordination with other project activities
- scheduling human factors activities
- selection of the human factors team
- developing a budget
- human factors program monitoring and continuous improvement
3.1.1 Management Commitment
It is essential to obtain the support of management prior to the development of the human
factors program, or problems of credibility, lack of resources, and lack of impact of human
factors issues upon design may be experienced. Justification of project input is usually
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required in the form of cost savings which will result from the activity, but this is not an
easy factor to demonstrate when the system is a new design.
It may be possible to examine data, such as incident and accident statistics and production
downtime for similar systems, and estimate how this may be reduced by the consideration
of human factors within the design process. If the system is already in operation and an
assessment, modification or upgrade is required, it may be easier to justify the human
factors involvement, as data from the existing system may be used, and there may be
specific problems which require resolution (hence the reason for the assessment or
upgrade). The difficulties lie in the lack of useful, available human error data and the
inability to estimate the direct costs associated with a human error (it is difficult to estimate
the number of errors and the costs of remedial action, for those errors which would have
been committed, if human factors was not included in the design process).
The financial costs of not including human factors in the design process are not always
obvious but may include the following:
- the cost of redesigning that part of the system and implementing the new design later in
the process, or the cost of repair if equipment damage results from an accident
- the cost of any impact a new piece of equipment would have upon the rest of the system
e.g. new procedures and additions to the training program to ensure effective and error free
human performance
- the cost of lost production time during the period of implementation, repair or system
shutdown as a result of an accident
- the cost of production loss due to one less member of staff, as a result of injury
- the costs of the injury in terms of health care and rehabilitation
It should be emphasized that the costs of improper integration of human factors into the
design process are important to consider. If resources are allocated to perform human
factors analyses, but the results are not adequately integrated into the design process, then
human factors will not have had an impact upon the system, and therefore the effort can be
considered a waste of time and money.
It is essential that managers understand their responsibilities as far as the program
development and implementation are concerned. Their responsibility is to ensure that an
appropriate program is developed in terms of scope and allocation of resources. It is the
responsibility of managers to ensure that the project team members are aware of the
organization's commitment to human factors, and that the program is effectively
coordinated to produce the desired results. The program should clarify the project
manager's role in the control and coordination of the project, and preferably a team leader
should be designated for the human factors team (depending upon the size of the project),
to coordinate the actual human factors activities and report the results to the project
manager.
3.1.2 Scope and Resources of the Program
The program plan should define the following:
- the elements to be included in the program i.e. the content
- the allocation of resources to each element
- scheduling and timing of activities
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- interfaces between human factors specialists and other groups within the project
- strategies for decision-making and implementation of recommendations
- program monitoring
- documentation of human factors activities
The precise scope of the program will be dependent upon the scope of the project itself.
The project goal should be identified and the relevant areas of human factors concern
should be clearly defined. It may be possible at this stage to define the interfaces which
will require examination e.g. person to person, and person to equipment. EPR13659,
Human Factors Guide for Nuclear Power Plant Control Room Development (ref. 3),
provides a list of useful examples of specific interfaces which may be considered, but it
should be borne in mind that this set of guidelines refers only to control rooms. Some
preliminary decisions can be made about the resource requirements of the program at this
stage (i.e. the number of human factors specialists who will be required for the program).
It is possible to identify equipment needs, potential project staffing levels and qualification
requirements for the project staff. Only when the program planning process has been
completed fully in terms of its scope, is it possible to make firm decisions about the exact
resources and capital that will be needed for a human factors program.
3.1.3 Program Constraints
There may be certain constraints under which it is necessary to work during the design life
cycle, such as time, funding, and available technology etc. These should be identified at
the program planning stage, and any impact upon the project should be clarified. For
example, if the design must use an existing computer control system, the capabilities and
characteristics of the system should be specified, and the fact that it will impact upon the
design of screen displays and the navigability of the system should be identified.
If the constraints of the process include time, then it may be necessary to identify only
those most important human factors elements for inclusion in the program, based upon the
goals of the project and the nature of the system design. If the constraints include present
building or equipment design and the availability of technology, it is evident that
compromises and trade-offs will need to be made to ensure that a solution satisfactory to all
project team members is reached. Throughout this decision-making process it is essential
that compromises are made in appropriate areas but that priorities are retained.
3.1.4 Lines of Communication and Coordination with other Project
Activities
In order for the human factors issues to have an impact upon the design process, there
needs to be a certain level of efficiency achieved throughout the rest of the project. Much
of the advice contained in this section therefore, refers to the project organization as a
whole. It is essential within the project planning process that all project team members and
their roles are identified. For example a typical design project may consist of the following
functions:
- project management
- procurement
- financial planning
- engineering (electrical, civil, mechanical, nuclear)
- human factors
- operations (maintenance may belong to the operations function or may be a separate
function. Training also may belong to operations).
- construction
- commissioning
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- safety and licensing
- quality assurance
The role of each project team should be clearly identified for all project participants. If the
project is a small assessment project there may be only one or two people allocated to each
of these functions, but conversely for a larger project the functions may consist of a team.
The team should have a designated leader with clear responsibilities, and if team members
have specific areas of responsibility, this should also be defined. This information should
be made available to project team members at the start of the project. It should include the
location of the personnel with contact addresses and telephone numbers, and any changes
in personnel should be communicated to all project staff at that time. Contractors to be
used on the project should be included in the above. This is particularly important to avoid
any isolation from the rest of the project and to ensure that the design process retains a team
approach.
It needs to be clearly identified at what staffing level interaction between project groups is
expected to take place ( not just in the case of human factors interactions but for all
disciplines). A process of interaction needs to be defined which will inform the project
groups of the type of information which will be required from the human factors group and
the type of input they can be expected to give to the functions of the other groups. This
aspect is addressed in more detail in section 4. It should be made clear how this interaction
will be documented e.g. meeting minutes, memos and so forth.
EPRI3659 includes some interesting discussion of project interfaces and provides a useful
diagram of interrelated functions common to most projects. An important consideration
addressed in this set of guidelines is the organizational position of the human factors
function. This has important implications for the extent of the impact human factors will
have upon the design. One of the issues which has in the past presented difficulties for the
inclusion of human factors issues into design is that of how decisions are made regarding
whether the recommended modification will be adopted, when there is a conflict of
priorities within the design team. This is discussed further in section 3.3 which deals with
integration issues, but it may be effective to place human factors on a par with safety, in
that die group plays an advisory role to the other functions, but reports to the overall project
director who has responsibility for safely and financial aspects of the project. This would
remove some of the natural bias and provide authority to the decision-making process.
The project participants require knowledge of the design stages of the project and what
issues are expected to be addressed at each of these stages and it must be specified what is
expected in terms of physical output. They need to know:
- when design documents need to be issued
- the content of these documents
- who will participate in their production
- to whom they are issued
- when progress meetings/reports are expected
- who participates and what form the participation takes. For example, these may be formal
or informal meetings, and the progress reports may be oral or written.
3.1.5 Scheduling Human Factors Activities
The human factors program plan should include information about the project interfaces
which will be utilized by the human factors team, and the ways in which they are expected
to interact with the other functions of the project. It is essential that human factors
professionals have an input to the project from the beginning and throughout the project, to
ensure cost effective integration into the design process, and so that the human factors
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activities could be scheduled accordingly. There are certain human factors analyses which
are more usefully carried out at some stages than others (see section 3.2) and it is important
for human factors specialists to have front-end input to design, rather than just reviewing
the design, as modifications at the later stage may prove expensive to implement.
Human factors activities should be scheduled according to their information and
coordination requirements. For example, there is little point in scheduling detailed task
analysis for the conceptual design stage, when the design philosophy and intent has been
described, but no details are available of the engineering systems which make up the plant
or facility. Figure 3: "Interaction of Human Factors Program Elements" may assist in
scheduling activities. There are certain human factors activities which cannot be carried out
until a certain stage in the design has been reached. An example is the assessment of
workplace environmental features such as noise, temperature and lighting. Appropriate
levels can be specified during the early design stages, but they cannot be checked until the
construction phase, when environmental conditions have been created. In addition, the
final levels must be based upon the type of work to be carried out in that particular work
space. Finally, the usability of some pieces of equipment cannot be assessed until the
commissioning stage. EPRI3659 (ref. 3) discusses the sequencing of human factors
analyses in a logical order and so will assist in the scheduling process.
The timing of human factors analyses in relation to the tasks of other groups within the
design team, must be considered. It will be useful for the instrument designers, if the task
analysis describing the operators information requirements, has been completed before they
commence instrument panel design. There are a number of other activities which are most
effectively undertaken when detailed task analysis has been completed, such as writing
operating procedures and developing a training program. In addition, collaborative
activities have to be carried out at a lime which is mutually suitable. Human Factors
specialists need to be involved in the development of the training program, and human
factors specialists as well as operations and design personnel, need to be involved in
procedure writing. Procedure writing should be completed when design details have been
finalized to ensure that the content is accurate.
These are just some examples of the considerations which may impact upon the scheduling
of human factors activities. The scheduling may be affected by the availability of resources
and some contingency should be provided to accommodate delays. It is useful to identify
the inputs and outputs for each element of the human factors program, as well as the
specific interface requirements with other project teams, and use this as a basis for making
scheduling decisions. NUREG 0700, "Guidelines for Design Review of Nuclear Power
Plant Control Rooms" (ref. 10), discusses the scheduling of human factors activities to
optimize efficiency and minimize interference with other activities, which may be an issue if
the project is being carried out on an existing facility. As with EPRI 3659, NUREG 0700
only refers to control rooms and does not address other plant issues.
3.1.6 Selection of the Human Factors Team
The selection of the human factors team depends very much upon the scope of the project
and the number of personnel required. Guideline documents which discuss team selection
often place the emphasis on the educational requirements of a human factors specialist, but
in actuality, personnel with both qualifications and experience are the optimum choice. If
only one specialist is identified as essential, but a variety of issues need to be addressed, it
should be ensured that the specialist has the breadth of knowledge and experience required.
If the project is a larger one, and demands a team of human factors specialists, then it may
be more effective to identify specialists in particular areas of human factors e.g. a specialist
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in the field of workplace layout, a specialist in interface design and a specialist in training
needs analysis and program development.
If the boundaries of the project are very specific then it may be possible to identify one or
two areas of specialty within human factors which need to be fulfilled. An example is the
development of a training program; a human factors specialist with task analysis and
training needs analysis experience would be the best choice. Both EPRI3659 and
NUREG 0700 (references 3 and 10) discuss the selection of the project team. EPRI 3659
presents a table indicating the most useful educational requirements and level of experience
which may be relevant for activities of varying levels of complexity. In reality the years of
experience may prove to be a more useful guide. The program planner should however,
consider the relevance of the experience. Experience directly within the nuclear industry is
ideal, but experience within potentially hazardous process industries may also be
appropriate.
It may be considered desirable to include on the team, human factors specialists who have
additional fields of expertise. This may not be easy to achieve, and while personnel
knowledgeable in the design of the technical systems are essential to the process, the
integration of human factors into the design process, and communication with other project
personnel should achieve the goals of the design.
In addition to human factors knowledge and experience, there are other attributes which are
desirable for ensuring that the specialists are effective members of the project team. These
attributes include the ability to work in a team, and the ability to communicate with both
management and shop floor personnel. The ability to work as a team member is important
for the effective integration of human factors issues into design. The ability to
communicate on all levels is important, as the specialist needs to be able to obtain design
and operational information from the workers themselves. Further to this, the specialist
needs to participate in the decision-making process, which will inevitably involve
discussions with management about design, resourcing and scheduling issues. These
attributes may be more difficult to assess in likely candidates for a human factors role, as
they are more intangible. If the specialist has worked within the organization prior to the
commencement of this project, or is a consultant with a well known reputation, then it may
be possible to make a judgment about these qualities.
3.1.7 Developing a Budget for the Human Factors Program
The budget requirements for the human factors program will depend upon the number of
people selected for the human factors team, the level of qualifications and experience they
possess, and the amount of human factors input which has been identified as necessary. It
is possible to calculate labour costs according to the employment level and salary of those
project team members who belong to the owner company. It is essential to factor in those
overhead costs associated with the accommodation and facilities required by the project
team, both at and external to the site, as appropriate.
It is easy to calculate the costs associated with the use of contractors, according to the rales
their employers are charging for their services. If the participants are largely unknown at
this stage then surveys conducted by the Human Factors and Ergonomics Society of
specialists' salaries can be consulted. EPRI 3659 (ref. 3) provides a useful format for
estimating labour hours for typical human factors activities. Another important factor in the
calculation of costs is to include an estimation of time and resources required by other
project team members to interface with human factors specialists. The purpose of the
budget is to provide an input to the calculation of costs for the entire project and to seek
management approval for the program as it stands.
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Changes may need to be made to the program as a result of seeking management approval,
but it must be ensured that if the program scope is reduced, the safety and regulatory targets
will still be met. There may be ways of reducing costs by changing personnel selected, but
this must not compromise the effectiveness of the human factors input. There may be
modifications to the program as it progresses (see section 3.1.8). The impact of these
changes upon the budget should be recorded and presented to management for approval.
3.1.8 Human Factors Program Monitoring and Continuous Improvement
The program plan should be monitored to ensure that it is operating in an effective manner,
and to ensure that any necessary improvements can be made. This is also a useful exercise
to provide input to the next program plan i.e. a lessons learnt exercise. The plan can be
monitored in terms of adherence to:
- schedule
-cost
- project milestones or deadlines
These aspects are measurable and could be reflected as percentage overrun of time and
money. This may result in changes in the scope, schedule and financing of the program
and will provide valuable experience for the development of the next program. For
example it may be recognized that a particular activity takes longer than estimated to
complete, or that the specific scheduling of a particular activity does not prove useful.
Specific intervals or milestones should be established for the assessment of the human
factors program progress, and the results should be documented. The human factors
project team should be involved in the progress assessments, so that reasons may be
discussed for delays, difficulties or changes. Feedback should be provided to the human
factors team on the effectiveness of the program and program modifications should be
made where necessary.
3.2 Guidelines for Human Factors Elements to be Included in the Program
Throughout the human factors program, the following elements, or element relevant to the
project scope, are recommended for inclusion:
- function and systems analysis
- task analysis
- organizational analysis
- workplace layout
- physical demands analysis
- training program development
- procedures development
- interface design
- maintainability analysis
- communications analysis
- workload analysis
- human reliability assessment
- emergency planning
The intent of this section is to discuss each of these elements in terms of the goal of each
element, the merits of the inclusion of these elements at different design stages and the
contribution they will have to the design process. For the purposes of this discussion, the
design stages that are referred to will be as follows: conceptual design, detailed design,
construction, commissioning, operation and decommissioning. Figure 3 shows the
interaction of the different elements in a human factors program.
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Useful reference documents for deciding upon the content and scheduling of human factors
activities within the human factors program are EPRI 3659 (ref. 3), NUREG 0700 (ref.
10), Good Practices for Improved Nuclear Power Plant Performance - IAEA (ref. 5) and
the NRC's Program Plan (ref. 11). EPRI 3659 and NUREG 0700, as previously
mentioned, are specific to control room design and assessment, but the latter two
documents examine more general facility/plant issues. The IAEA document is not
dedicated solely to human factors issues but addresses issues related to human
performance.
The Nuclear Regulatory Commission's (NRC) Program Plan refers to the analysis of
existing facilities as opposed to design, but does provide some useful advice about the
program elements to be included. It is fairly specific to U.S. nuclear power plants, but can
be adapted to be applicable to the CANDU reactor. One particular advantage of this
document is that the benefits of accomplishing the goals associated with each element are
described.

3.2.1 The Analytical Process
In the introduction to the guide, it was emphasized that the earlier in the design process
human factors is included, the greater the impact, and the less likelihood there will be of
costly modifications later on. This is a useful philosophy, as decisions made early in the
design process will have an impact on those which need to be made later in the design. For
example, if no analysis is made of the user requirements of a computer control system
before it is selected for purchase, then there may be debilitating constraints imposed upon
the screen display design and user dialogue design at the detailed design stage. Similarly,
if human factors input is not provided to the workplace layout decisions, the detailed panel
design may be very effective, but operator error may still be created by the fact that the
panels themselves are not located in useful places. It should be understood however, that
the design process is an iterative one; that is, information specified/revealed/modified at
later design stages may cause the project team to return to earlier issues and assess the need
for modifications.
The process of analysis is driven by the systems theory of human factors. The individual
does not function as a separate clement, but is part of a loop created by the task demands,
equipment and human behaviour. In a typical control situation, the human needs to know
plant/equipment status information. Sensors in the plant provide control systems with
information which they display to the operator. The operator senses the information,
processes it internally, makes a decision about an appropriate reaction and implements an
action upon the conuol system. The control system initiates a response action at the plant
level, and the sensors feed back information to the control system about a change in
conditions or lack of change in conditions. The control system then displays information to
the operator to acknowledge whether the command has been successful, and whether the
operator's goal has been achieved.
Within the systems approach, analyses must examine effective ways for the operator to
communicate with the hardware and effective ways for the hardware to inform the operator
of the success or failure of his or her actions. It is essential that the hardware designer is
included in this loop as their input is needed to inform the human factors specialist of the
possibilities, in terms of available and possible instrumentation or equipment design. They
will also be the recipient of recommendations resulting from the human factors analysis.
The systems approach still applies when referring to management or other people-to-people
interactions. For example, if a manager is trying to influence behaviour within the plant, an
effective way must be established of initialing the desired behaviour and monitoring its
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results. If maintenance is carried out by a group of people separate from the operations
personnel, then a work management system must be created whereby maintenance
requests are effectively communicated, and successful completion of the job and restoration
of the equipment to operational status is monitored. The analytical process requires
systematic and thorough analysis of the goals of the system (whether it is a management
system or a technical system), a definition of all the elements or components which make
up the system (such as the personnel involved and the equipment and instrumentation to be
used), and identification of the inputs and outputs to each component. This information is
then used to design equipment, procedures and training programs, which are compatible
with both the task demands and operator capabilities.
It can be seen from Figure 3 that certain analysis methods provide information which can
be used within other methods, which makes it particularly important to acknowledge that
the process of human factors analysis is integrative. Certain analysis methods are more
usefully completed at certain design stages than others, and conversely certain methods
may be specifically chosen to address certain issues. Methods are also selected for
inclusion in a human factors program according to their applicability to the requirements.
The data received as a result of the analyses is used to make recommendations which are
fed into the design process. NUREG 0700 (ref. 10) provides an interesting discussion on
the data recording requirements for a human factors review of a facility or system.

3.2.2 Function and Systems Analysis
In order to identify the technical and sociotechnical systems and the interfaces associated
with a design project, it is necessary to analyze the functions of the plant or system. This
analysis will allow the specialist to make decisions about the allocation of functions to man
or machines and will also provide the basis for a task analysis. Due to its generic system
nature and the fact that it forms the basis of task analysis and functional allocation
decisions, this element of design is best addressed at the beginning of the design process
(during conceptual design).
Functional Diagrams can be used for the above purpose (see reference 15, p729 to p735).
They require a graphical linking of boxes showing the different functions of the system.
Operational Sequence Diagrams belong to the same family of charting techniques but
belong to a more detailed level of analysis. This type of technique produces a graphical
representation of the sequence of activities which are required to operate a control system,
and arc useful for workplace and panel layout, to ensure that an arrangement which
matches the task demands and the capabilities of the operator, is developed. This would
typically be most useful at the detailed design stage, after the general layout of the functions
within the facility have been determined, but prior to the development of detailed control
and instrumentation design.
Having defined the functions which comprise the system, it is useful at the earliest possible
stage to allocate functions to man and machines. It is difficult to progress to detailed design
until the hardware and software elements of the system have been categorized in this way.
This activity requires information about the capabilities and limitations of human
performance, the level of technology and the resources which are available. The allocation
of function may need to be revisited at a later stage in the design process, for example as a
recommendation resulting from the workload assessment which identifies an unmanageable
load upon the operator.
The Elcctrotechnical Commission's document "Design for Control Rooms of Nuclear
Power Plants" (rcf. 6) discusses mis part of the process in terms of :
- identifying goals and functions
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- information flow and processing
- assignment of functions
- definition of instrumentation and control requirements, and
-job analysis
As for EPRI3659 and NUREG 0700 (references 3 and 10) the discussion is limited to the
control room requirements, but is useful nevertheless. The Human Engineering
Procedures Guide (ref. 2) provides examples of functional flow and process flow diagrams
and allocation of function, but these may be difficult to interpret due to their specificity to
the aerospace industry.
3.2.3 Task Analysis
Task Analysis can be defined as the study of what an operator has to do, in terms of actions
and/or cognitive processes, in order to achieve a system goal. Task analysis has many
functions: it can be used to ensure the safety, productivity and availability of the system,
but it can also be used for such purposes as the allocation of function, person specification,
staffing and job organization, task and interface design, skills and knowledge acquisition
and performance assurance. These activities can be performed during the design process,
or during the operating phase to solve specific problems which have been identified.
There are a large number of different task analysis techniques which are suitable for
different purposes. The selection of the appropriate method for its purpose, and
advantages and disadvantages of using certain methods will be discussed in The Activities
Guide (ref. 12). The requirements of task analysis in terms of the data to be collected will
vary according to its purpose and consequently the design stage at which the analysis is
carried out. If the project is a design project, where task analysis will be used for several
different purposes, it is more cost effective to perform one task analysis which will suit
most purposes than to perform a separate task analysis for each function. If the project is
an assessment or upgrade project, and the scope of the human factors input is more
narrowly defined, then the task analysis can be tailored to meet the specific purpose
identified. For example, if the project definition is to upgrade some of the panel
instrumentation in the facility, then the task analysis may focus solely on the information
requirements of the operators when carrying out those specific tasks.
Task analysis can be carried out during the conceptual design stage, to define the tasks
which will be carried out within the plant or facility. As task analysis can be used to assist
in the allocation of function process, the earlier in the design process it is completed the
better. A task analysis completed in the conceptual design stage may simply identify the
interactions of those functions within a system or facility, as in the example of an
hierarchical task analysis shown in Figure 2. This will allow facility layout to be
addressed at this stage, and some equipment requirements may be identified. In addition,
the preliminary task analysis may form the framework of the training program development
plan, and the procedures to be produced. It must be acknowledged that a task analysis
completed in the early stages of design will potentially be subject to change throughout the
design process. A more detailed task analysis of the different tasks within system
operation is usually completed at the detailed design stage.
Task analysis completed at the detailed design stage, identifies the specific steps required to
carry out each task, the display, control and feedback requirements and possibly other
details such as communication requirements. The data yielded by the analysis can be used
to identify control and instrumentation requirements and ensure that appropriate design
decisions are made according to the task requirements and the capabilities of the
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operators. The information produced during the task analysis also provides the basis of
many other techniques, such as communications analysis, workload analysis, training
needs analysis, and human reliability assessment. Discussion about the use of task
analysis as a basis for other techniques will be discussed within the relevant parts of section
3.2 of this guide. For reasons of economy of effort and resources, as previously
mentioned, one task analysis should be completed where possible to be used for these other
techniques. Figure 3 demonstrates how information from the task analysis feeds into other
areas of analyses. It is an iterative process, even at the detailed design stage, and so will be
subject to revisions and modifications.
Task analysis can be used during the later design stages to verify the existing design
features (or training program development or other characteristics of the plant operation),
and to assess an existing system. The use of task analysis as a verification tool is not as
cost-effective as its use during the e-'irlier design stages of a project. This is due to the fact
that a large amount of resources arc utilized, and the study may result in modifications
which would be costly at a late stage. The one advantage of performing task analysis later
rather than sooner however, is that more information about design may be available.
Consideration should be given to the benefits as opposed to the disadvantages.
It can be seen that a large percentage of a human factors specialist's time, allocated to the
project, will be consumed by this activity. This needs to be a consideration when allocating
resources and making budget decisions. The completion of task analysis requires
interaction between the operations staff, the engineering system designers and the human
factors specialists. This is to ensure that the task analysis is completed for the intended
equipment and instrumentation, thereby documenting how the operators would actually
carry out the task, rather than how the system designers think it will be carried out. The
level of interaction with the human factors specialist, required by other project team
members, must be considered when allocating resources to the completion of the task
analysis.
A text which provides useful advice about the process and methods of task analysis is "A
Guide to Task Analysis" (ref. 7). The benefits of using task analysis are demonstrated
through the use of case studies, showing the impact that task analysis has had upon design
and assessment in specific project scenarios.

3.2.4 Organizational Analysis/Safety Management
Organizational analysis is the name given to a set of techniques which examines the
management structures of the facility. If the project is an assessment rather than a design,
then the scope of the analysis is usually narrowed down. For example, one may assess the
adequacy of the management mechanisms supporting the training function, effective
procedures, or engineering changes and their impact upon an operating plant. Within a
design project, it is pertinent to address all of these issues. Organizational issues cannot be
addressed in isolation from other areas of design, and are best addressed within
examination of interfaces and interactions defined in the scope of the human factors
program.
It is useful at the conceptual design stages, to identify those management mechanisms
which may be required for each of the human factors elements in the program. For
example, during the development of the training program it may be identified that the
following mechanisms need to be developed:
- to assess the effectiveness of the training program
- to ensure that the training program is updated with the addition of any new equipment or
procedures

Function/
Systems
Analysis
Environmental
Assessment

Allocation
of
Function

Workplace
Layout
Task
Analysis

Physical
Demands
Analysis

1

Maintainability
Analysis

I
to

Ï
Training
Development

Workload
Analysis

Communictns
Analysis

Emergency
Planning

Interface
Design

Human
Reliability
Assessment

Figure 3: Interaction of Human Factors Program Elements

ft
B26
- to assess the need for retraining
- to modify the training program according to root causes of undesirable events, identified
as being (raining inadequacies
When addressing the development of procedures and other operational issues, it would be
useful to address work control issues such as work permits to control hazards, locking and
tagging procedures and so forth.
In addition to listing the management mechanisms which are desirable, it is useful at the
conceptual design stage to develop a mission statement and safety policy statement which
can be defined more specifically at each management level, until at the worker level, it
specifies the employees' responsibilities in terms of safety and the operational duties they
are required to perform. The latter development will inevitably take place during the
detailed design stages or during commissioning, and can be verified during system
operation.
The organizational mechanisms required for safe and efficient operation should be
developed during the detailed design stage and verified during commissioning. The
effectiveness of the organizational mechanisms may not become apparent until the operating
phase, however. Regular management audits should be conducted to ensure continuing
effectiveness of these mechanisms. Organizational analysis will require interaction between
human factors specialists, operations personnel, and the system designers to ensure that the
needs of each are met.
An interesting text to assist in the development of a safety management program is
"Success with Occupational Safety Programs" (ref. 1). It discusses some of the
fundamentals in developing management policies, setting standards, auditing and
monitoring progress. The text cites some useful examples of existing policies and auditing
methods. The only disadvantages are that the text does not refer to the nuclear industry,
although the content is still relevant, and does not direct the reader to an existing
management auditing method which could be used off the shelf, such as the International
Loss Control Institute's (ILCI) method, the International Safety Rating System (ISRS).
3.2.5 Workplace Layout
Workplace layout is performed by the execution of a set of guidelines rather than a specific
technique, but it is based on function analysis at the conceptual level, and task analysis at
the detailed level. The function analysis will allow decisions to be made as to the effective
layout of the functions within a facility. Operational sequence diagrams and functional
flow diagrams will allow the analyst to see where raw materials and services are supplied to
the process, the order of different parts of the process, and the outputs of the process, in
terms of products and waste, for example. Decisions about the layout of the facility in a
design project or a refurbishment can be made at this stage.
At the detailed design stage, before detailed equipment design is undertaken, it is useful to
use the information from the task analysis about the order of operations within a specific
function or work area, and allocate space according to ergonomics principles. This can be
reviewed in the later design phase, but is much more difficult to change at that stage. Link
Analysis also provides a useful input to workplace layout in that it yields information about
those items of equipment and instrumentation which could usefully be placed close to each
other.
Workplace layout activities require liaison between human factors specialists and the
architects to ensure that their needs are compatible. Interaction is also essential between
the system designer, the operations personnel and the human factors specialists. In this
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way it is possible to ensure that the layout can accommodate the designer specifications and
to ensure that the layout is appropriate for the method and order in which the tasks will be
carried out.
3.2.6 Physical Demands Analysis
In addition to making a system robust against operator error, it is the responsibility of the
human factors program to address such issues as industrial hygiene and potential causes of
physical stress to the operator. This section of the program is linked to the workplace
layout in that recommended access space needs to be provided for both operational and
maintenance activities in order to limit the physical stress to the workers. This element of
the program should also include the assessment of potential hazards to the operator, and an
analysis of the body postures required to carry out work activities, to ensure that the
potential for injury and repetitive strains is reduced as far as possible.
There are a number of other factors which will affect worker performance, that should be
addressed as part of physical demands analysis. These include lighting levels provided in
the different work areas, the thermal environment and noise levels, which, if inappropriate,
will cause physiological stress to the workers. In addition, attention should be paid to the
psychophysical affects of work stress, i.e. how stress will affect the mental processes of
the workers and how this will impact upon system performance. It is suitable to address
these factors to some extent during detailed design, but a review of the extent to which the
design meets the specified intent could be usefully undertaken during the commissioning
and operating phases of the system life cycle.
Physical demands analysis requires heavy interaction between the human factors specialists
and the operations personnel to verify how a task will be carried out, and provide
operations input to the identification of some of the factors which could create difficulties in
carrying out the tasks. An interface is necessary between the human factors specialists and
the system designer/architects in order to ascertain the working conditions and make
feasible recommendations for improvement.
3.2.7 Generic Training Program Development
The development of a training program is directly linked to the identification of tasks to be
carried out within the facility or system and the demand placed upon the operators, and as
such relies heavily upon task analysis. The function analysis completed during the
conceptual design stage may serve to identify different groups of personnel which are
required for the effective operation of the system e.g. operations personnel and
maintenance personnel, and can be used to make a preliminary allocation of duties at a high
level. As discussed in section 3.2.4, the organizational mechanisms for effective training
may be identified at an early stage. These considerations should include the availability of
funding to carry out the training and retraining of staff.
It is during the early stages of detailed design, when the detailed task analysis has been
carried out, that it is most useful to identify the knowledge, skills and abilities required to
perform the identified tasks, and then categorize the needs into those which are recruitment
requirements and those for which the worker will be trained. It should be noted that, if the
system is already in operation, a person analysis will be required to assess the level of
expertise already achieved by the workers on the continuum from no training to fully
trained, in order to decide how much of the newly developed training program is essential
for the existing operating staff. There is little point in using resources to repeat the entire
training experience. Obviously new recruits, from this point on, will receive the complete
training program.
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Once the content of the training program has been identified it is necessary to provide some
structure and allocate the training to on-the -job training or classroom type training.
Specific training methods and appropriate training time must be selected according to the
goals of the training elements, the complexity and the frequency of tasks within system
operation. The detailed development of training modules will follow. It is usually
desirable to have completed these activities for a new system before the construction and
commissioning stages of the design project. This will enable the training program to be
piloted during construction, and training can be carried out during commissioning, ready
for operation.
The development of the training program requires liaison between the human factors team,
the operations personnel and the training staff. It is likely that the initial training needs
analysis, which consists of the organizational analysis, task analysis, skills, knowledge
and abilities identification, and person analysis will be completed by a human factors
specialist with input from a training specialist, or by a training specialist who has the skills
to complete the human factors analysis. The decisions about training methods and the
detailed program development are likely to be carried out by training specialists or human
factors specialists with particular experience in the training field. The future or existing
operating personnel should form an integral part of the analysis from the start to the finish
of the program development.

3.2.8 Procedures Development
As is the case for the development of training programs, procedures development also
relies heavily upon task analysis. This is essential to ensure the method of carrying out the
task is documented rather than how the system designer believes it will be carried out. For
this reason, interfaces between designers, operations personnel, and human factors
specialists are essential to ensure that the design intent is followed, but also that a true
representation of the actual activity is developed.
The identification of which procedures will be needed can take place during the early design
stages when the various functions and high level tasks have been identified. It is useful to
document the procedures when the detailed equipment and instrumentation design has been
set and the task analysis has been completed. Often, due to design changes and other
delays, the procedures are not completed until a late stage in the design process. A
mechanism is needed to ensure that each lime a design change is made, the impact upon the
procedure is assessed and the procedural documents are updated. This applies to the
operating stage as well as the design stage, and can appropriately be addressed within the
organizational analysis.
The procedures can be walked through during the commissioning stages of the project to
ensure that they are thorough, usable and practical. The ideal situation would be for the
procedures to be written by a team of people, consisting of a system designer, a member of
the operations staff and a human factors specialist. Traditionally the operating procedures
of a plant have been produced by the system designers. If the system designer has
appropriate operating experience then it would prove beneficial, but the procedures should
still be reviewed, if possible, by the operations staff who will be using them. In addition
they should be reviewed by a human factors specialist to ensure that the task analysis, and
all other techniques which use the task analysis are based upon accurate data.

3.2.9 Interface Design
In». ,face design includes the design of hardwired control and instrumentation and computer
c< •:-\ \ 1 systems. Some decisions about the capabilities of the computer control system can
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be made in the early design stages when the allocation of function is performed. If possible
a computer control system should be purchased which matches the requirements identified.
Often however, it is necessary to work within the constraints of an existing control system,
and so it is essential to note its capabilities and limitations at an early design stage. The
function analysis and the top level task analysis may assist in making decisions relating to
the structure of a computer control system. This can then be expanded at the detailed
design stage.
The detailed task analysis should define the interface requirements in terms of the control
capabilities the operator needs to have, the displays the operator will need to see, the
feedback requirements and how the information will be used by the operator. It is then
possible in the detailed design phase to either design or select appropriate instrumentation,
and to develop computer control screens and navigation strategies. The interface will be
designed according to human factors guidelines relating to information content, layout and
structure, size and colour coding.
The interface can be tested and evaluated in the construction and commissioning phases to
ensure its compatibility with the users requirements, its navigability, usability,
comprehension and robustness against operator error (see section 3.4). The sooner the
control system can be tested and evaluated, the sooner training can commence. This is
particularly important if a full scale simulator is to be used for training. Interfaces must
exist within the design process between the designers of the computer control displays and
input devices, the designers of the hardwired instrumentation, the human factors team and
the operations personnel. If both exist within the system, compatibility between the
hardwired instrumentation and the computer displays must be ensured. Operator and
human factors input is required to ensure that the interface is usable and matches both the
task demands and the user's capabilities. Close liaison should be maintained with the
members of the project team who are writing the operating procedures.

3.2.10 Maintainability Analysis
Maintenance activities can be considered to be a special set of operations activities and so
should be based upon a task analysis of identified maintenance procedures. It is
particularly important to assess the potential for human error within these activities as a
large proportion of system failures occur due to errors during maintenance, or failure to
restore the system correctly following maintenance.
The consideration of maintainability should take place throughout the design process as an
integral part of other human factors issues. At each design stage, where a
design/operational issue is addressed, maintenance aspects can also be addressed. For
example, during workplace design and equipment layout, the designer needs to ensure that
the method of maintenance is defined, so that access and movement space can be provided.
During panel and instrumentation design, ease of maintenance without error needs to be
ensured. In the final product, training for maintenance staff must be considered, and
maintenance procedures need to be well designed. Communication between maintenance
and operating staff have to be effective to guard against any conflicting priorities, and to
ensure that maintenance activities do not have an adverse affect upon operations and vice
versa.
Although the maintenance program should address all those issues which relate to
operations, there are some additional factors which need to be considered. An example is
the hazards to which the maintainer may be exposed as a result of the type of interaction
which is required with the system. Environmental, radiation and industrial safety
influences may be very different within maintainance activities than operations activities. In
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addition to defining the maintenance tasks which may be required within the facility, it is
necessary to define the methods of diagnosing specific maintenance problems, and
verifying and testing procedures before equipment is restored.
It is essential that areas which are pronounced ergonomically sound from the point of view
of operations tasks, are not assumed to be adequate for maintenance tasks in the same area.
A useful example is that of lighting levels; a lighting level which is suitable for a computer
control tasks may not be adequate to perform maintenance behind a control panel.
Systematic examination of maintenance activities should therefore be ensured.
EPRI4350, Human Engineering Design guidelines for Maintainability (ref. 4), provides a
useful discussion for the integration of maintainability considerations into the design
process, and provides detailed guidelines for the following subject areas:
- accessibility
- equipment design
- workshop design
- hazards and protection aspects of facility design
- environmental factors
- movement of people and equipment
- communications
- equipment and system maintainability
- preventative and predictive maintenance
- hazards and protection aspects of maintenance
- labelling and coding
- tools stores and test equipment
The guideline document discusses the elements of a maintainability program but does not
mention explicitly recommended design stages for the various elements. In addition, useful
anthropométrie and human strength data is provided for the analyst.
3.2.11 Communications Analysis
This type of analysis usually defines the procedures and points in the procedures which
require communication between two people or different groups of people, within the
facility, or between the facility and other support functions or services. It also identifies the
type and number of communication facilities which need to be provided. As such this
element of the human factors program has an input to the operating procedures, interface
design and workplace layout (to define where the facilities need to be located), and so an
interface must exist between these functions within the project. The communications
analysis should examine both normal and abnormal emergency scenarios and so will have
an input to the emergency planning function in addition to the above.
The functional flow analysis completed at the conceptual design stage will assist in the
identification of different groups who will need to communicate. For example, the
operations team in a waste treatment facility may need to communicate with their clients (the
providers of waste), transport facilities, maintenance and tradesmen, laboratory testing
facilities and environmental analysts. Internally, the operations personnel will need to
communicate with their supervisor/foreman, tradesmen in the building, the incoming shift
and engineers.
The detailed task analysis is a useful foundation for the communications analysis as it
examines each step in the procedure, and the communication requirements can be inserted
as an extra piece of information within the analysis, or added at the end, if the task analysis
was completed with other objectives in mind. This is likely to take place in the detailed
design stage. During the commissioning stage, the adequacy of the communications
facilities should be tested by simulating both operational situations and emergency

B31
situations, and therefore this issue becomes a integral part of the validation of the
procedures and the emergency planning process.
3.2.12 Workload Analysis
Workload Analysis may consist simply of the estimation of whether a specified number of
operators can carry out a specified set of activities within a given time frame, or it may
consist of some estimation of cognitive workload and the complexity of tasks. The results
of workload analysis may lead to such recommendations as:
- the addition of extra personnel
- the reallocation of work between workers
- the reallocation of functions between man and machines
- the reallocation of work throughout the shift.
This set of techniques therefore provides the basis for some job design decisions.
The workload analysis uses information from the detailed task analysis and as such is most
usefully completed during the detailed design stage. The output from the analysis may
affect the allocation of function between man and machines, staffing levels and job design,
so it will have an impact upon recruitment, training, procedures and equipment design. It
is important to recognize the fact that design is an iterative process and that one must allow
for this during program planning (in terms of the consideration of time and available
resources to make the proposed changes).
Workload assessments may take the form of a paper exercise such as a time line analysis,
or may utilize computer simulation techniques. Whichever method is selected, there will be
a requirement for data relating to the time taken to complete certain tasks and the level of
complexity, so evidently operations input is required. If a simulation exercise is used then
the future operations staff should be used as subjects for the tests to make the results
meaningful. System design input will be required to ensure that a simulation represents the
system or certain aspects of the system adequately, and that the recommendations resulting
from the analysis are feasible.
3.2.13 Human Reliability Assessment
Human Reliability Assessment (HRA) is an element of the human factors program which
provides a verification of the design, demonstrates the robustness of the design against
operator error in numerical terms, and provides the basis for cost benefit analysis of any
suggested modifications. Human reliability assessments are based on a task analysis of the
human operations, which should include the identification of potential errors, their causes
and their consequences. For this reason, the most productive time to carry out such an
analysis would be during the detailed design phase, but in reality it may not be completed
until later in the process and can often take the form of separate assessment during the
operational phase of the system.
Very little useful human performance data is available to assist in the quantification of
human errors, but in some cases it may be possible to use existing data from a similar
system to predict performance relating to the new system, or existing data from the system
being analyzed. Where data do exist, there may not be sufficient analysis of the errorrelated event to define the precise causes or root causes of the error, so a thorough human
reliability analysis is not possible. For these reasons, most human reliability techniques
seek to estimate operator error or predict the likelihood of error from a task simulation.
There are a number of techniques which are available, ranging from simple expert judgment
to complex computer simulations such as MICRO SAINT. There are advantages and
disadvantages with using each of the methods. This will be discussed more fully in the
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activities guide, but it is important to consider the type of method to be used when
estimating resources, and the method selected should be compatible with the equipment
reliability approach.
Human reliability analysis may be completed by itself to examine solely the reliability of
human actions, but within system design it is most effective to use the method as part of the
overall reliability assessment of the system. This requires the integration of human error
with the defined modes of equipment failure to produce an overall probability that a given
system will fail to achieve its goal. The quantification of the likelihood of a particular
human error can, for example, be inserted in the leg of a fault tree, and contribute to the
occurrence probability of the top event. This allows examination of the effect that a
particular error may have upon the overall probability of system failure, so that cost-benefit
decisions can be made, i.e. is it worth modifying the system to eliminate this particular
error? Proposed design solutions can be inserted into the fault tree to assess the impact
they would have upon the probability of the top event.
Human reliability assessment (HRA) uses information from all aspects of the design, such
as training, procedures, interface design etc. and the analysis outputs may affect some or all
of these elements. HRA therefore requires interfaces with all the project functions. Due to
the unpredictability of human behaviour, it must be realized that the results of human
reliability analysis are prone to subjectivity, but the value of the assessment lies in the
qualitative information which is revealed about human errors and their prevention.
3.2.14 Emergency Planning
Emergency planning should take place throughout the design life cycle. When initial
building structure or layout (if the building already exists) is being developed in the
conceptual design stage, consideration should be given to emergency exit routes. Liaison
with the process engineers will provide information about potentially hazardous substances
and circumstances from which the workers will have to escape, protect themselves and/or
rectify the situation and make safe the system.
During detailed design the following types of issues can be addressed:
- facilities and location of facilities to protect the workers and assist their safe evacuation
- information system design for emergency scenarios
- command structure and lines of responsibility during emergencies
- protective equipment design
- emergency procedures
The human factors specialist will be required to apply guidelines relating to tangible design
aspects such as the use of anthropométrie data to design protective equipment, projected
flow of traffic to determine escape route widths etc., but will also be required to assess the
impact of human behaviour upon the likelihood of success of the evacuation. This may
have implications for the design of information systems, the command structure and the
emergency procedures. It needs to be ensured that the scope of the program takes account
of both aspects.
Construction and commissioning are appropriate design stages at which to perform a
verification of the emergency procedures and protective equipment design, and for carrying
out emergency drills. The frequency and activities for emergency drills should be
determined and continued throughout the life of the facility to ensure worker safety, should
an undesirable situation arise.
The emergency planning element of the program requires interfaces with all of the project
disciplines as information input is required from operations personnel and systems
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designers, regarding the design of the process and the way in which it is operated. The
output from the emergency planning process will have an impact upon system design,
training and procedures.
3.3 Guidelines for Human Factors Integration
3.3.1 Human Factors Design and Review Tasks
Liaison with the rest of the design team should occur as an interactive process rather than as
a process of human factors review. This will ensure, for example, that panels and
instrumentation are designed according to the operators' needs as identified in the task
analysis, rather than according to solely the system design requirements. The ideal
situation would be for the entire human factors team to be involved in the development of
the task analysis, and then for each member of the human factors team to be allocated to the
different human factors elements within the program.
This does not imply that one human factors specialist is required for each program element,
but that it requires some coordination at the program planning stage to ensure that a
specialist is always available to work along side the appropriate engineering project team
member. It does imply however, that effective coordination is essential between the
human factors team members. A mechanism should be available to ensure that any
modifications made to one area of design are assessed for their impact upon other areas
during the project life cycle. An example is that a change in the design of equipment or
instrumentation must be assessed for its impact upon the training program and the operating
instructions.
When design information and design drawings are produced, a human factors specialist
should be part of the review process. This means that they should be on the distribution
and request for comments list, and should be active participants in review meetings and
other meetings where design decisions will be made. The review process should ensure
that any concern, request for modification, or comment is addressed by the issuer of the
information and that the resolution is agreed to by the reviewer. Outstanding issues for
resolution, design discrepancies and requests for modification as result of design reviews
or system assessments should be documented in a tracking report. This report should
detail the nature of the concern, by whom it was raised, a proposed resolution, by whom
the action is to be completed, how (by purchasing a new piece of equipment, implementing
a repair or modifying a drawing, for example), and the date by which this action is to be
completed. See Figure 4 for an example of a tracking report. The tracking report could
usefully be reviewed at the project progress meetings. It must be clearly specified at the
project planning stages, who will be responsible for the up-keep of these reports.
A mechanism should exist to resolve decision-making discrepancies i.e. in a situation
where a recommendation is made by the human factors specialist but the system designer,
training specialist etc. do not agree and no compromise can be reached. During assessment
of an existing system or during safety assessment, a useful approach is to categorize those
deficiencies which will lead to direct safety problems and those which will not. This means
that all the human factors issues which lead to the detriment of safety will be addressed.
This is a little simplistic however, as it may eliminate some of those easy-to-implement
human factors suggestions, which either lead to indirect safety consequences or enhance
performance. It is also not a desirable classification system to use in the design process, as
there are other priorities which need to be considered in addition to safety, such as
productivity. Some means of categorizing the human factors recommendations should be
developed for this purpose. In reality the final decision will usually rest with the project
manager.
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PROJECT: Reactor Control System Upgrade
SYSTEM/S: Component Cooling Water System
Date

Nature of Concern

Raised
By

6.4.94

Panel J3960 in the
control room does not
provide adequate
feedback for the
transfer of material
from tank 1 to tank 2,
as there is a digital
indicator for tank 1
level and no tank 2
level indication

S. Taylor
(human
factors
specialist)

Action to
be
Completed
By
J. Peterson
(Instrument
Engineer)

Date for
Completion

Status

8.5.94

Ongoing

12.7.94

Agreed Resolution
Modify the panel design so that the tank 1 level indication is a bargraph indicator with
a digital readout above it.
Add a tank 2 level indication, using the same instrumentation as for tank 1 level
indication.
Modify the panel drawing accordingly and reissue for comment.

Figure 4: Design Issue Tracking Report
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3.3.2 Human Factors Training Issues
It was mentioned earlier in this guiding document that the project team should be trained to
a certain level of knowledge in human factors issues in order to ensure effective integration
into the design process. The project team will be familiar with the responsibilities of the
different disciplines within design and assessment, due to their previous experience, but the
inclusion of human factors may be a new experience to them. One of the aims in providing
a level of human factors training is to dispel the myth that human factors issues will delay
the project, cost too much money, and change everything the designers propose. The
project team needs to be aware of the benefits of including human factors and the fact that
inclusion at an early stage in the project will actually result in cost savings.
The objective is not to teach the project team "everything there is to know about human
factors." The project team as a whole would benefit from some general training about what
constitutes the study of human factors and how it will impact upon the future design.
Managers will benefit from information about the elements which should be included in a
human factors program, where in the design process interaction is required, and training on
the type of resources which may be necessary.
The different project functions should be trained in areas of human factors which are
directly relevant to their field of expertise. Architects require training in the area of
workplace layout, to ensure that access and viewing guidelines are considered, and they
should also be aware of environmental considerations such as lighting, noise and the
thermal environment.
System/instrument designers should be made aware of human factors issues such as the
use of task analysis to document information requirements, the selection of the most
appropriate instrumentation for the type of information to be displayed and controlled, and
the existence of guidelines referring to spacing, size, colour coding and panel or display
screen layout. The latter issues are of particular importance to the personnel responsible for
producing panel drawings, as they can be encouraged to adhere to these guidelines without
the intervention of a human factors specialist, and the design drawings can then be audited
for these features.
The operations personnel attached to the project should be made aware of why a task
analysis is carried out, how it contributes to future human factors assessments, and what
level of input will be expected from them to complete this activity. They should be trained
in the issues related to workload assessment and how it will impact upon manning levels
and job design, training program development, and how training needs analysis will impact
upon the recruitment requirements, training content and methods, and good practices when
compiling operating instructions. Training staff should be made aware of the contribution
of human factors to training needs analysis, and human factors issues relating to learning
skills and knowledge.
The safety assessors and design engineers would find it useful to know something about
human error so that they could integrate effectively the consideration of human performance
within equipment design. The training would help them to assist the human factors
specialist when identifying potential errors associated with particular systems, their
consequences and the effect of these consequences on system performance.
The entire project team should receive training on the importance of organizational issues
and the coordination of both design and operational activities to ensure safety and
productivity. This will aid their understanding of the importance of addressing

B36
organizational issues, and assist them in the identification of those organizational
mechanisms which are necessary to optimize performance.
It is important not to overload the project team with information about human factors, but to
give them an idea of the issues which are relevant and what will be expected from them in
terms of input to the human factors analyses throughout the course of the project. The
training should take place before the project commences or at the very beginning of the
project to reduce the likelihood of any confusion or any ineffective use of time. If all
expectations are clearly stated, there will be a reduced reluctance to involve human factors
personnel.
3.3.3 Administrative Controls
Administrative controls can be defined in this case to mean those policies and procedures
which are used to control the safety, efficiency and productivity within a facility or plant,
by influencing human behaviour. The AECB influences the activities which are undertaken
by a facility to ensure fitness for duty and motivation of the workforce in terms of taking
responsibility for their own and others' safety.
The AECB does not have fixed regulation regarding fitness for duty, but requires that the
licensees have considered this factor in terms of:
- providing mechanisms to ensure that the workers are fit to work
- training the operators to maintain fitness for work
- enforcing company or facility policies
Fitness for duty means being physically and mentally capable of carrying out operations
and maintenance activities in a safe and effective manner, and as such seeks to eliminate
drug abuse, physical injury and stress. Programs relating to fitness for duty may address
issues such as managing stress, exercise, nutrition and relaxation. Example of programs
developed for this purpose include employee wellness programs, substance abuse
programs and employee assistance programs.
During the design or assessment process it is useful to identify in-house ergonomics
programs which may improve the safety record and motivation of the workforce, and
thereby improve productivity. A hazard identification will serve to identify the potential
areas of concern, such as particular tasks which require heavy manual work or repetitive
activity. Many of die issues relating to health and safety of the workers will be
implemented through the use of regulations; such as the wearing of protective clothing in
particular areas or while performing specific tasks. The workforce must be trained in the
potential hazards and the reasons for wearing protective clothing, but they must also be
aware that they are responsible for their own safety within the facility. Other ways of
reducing risk potential may be to educate the workforce in certain aspects of their job, such
as how to correctly lift heavy objects. It should be ensured however, that where an
engineering solution is feasible, it is implemented.
The identification of ergonomics issues which affect worker health and safety may affect
the procedures, training and job design. Procedures may need to include certain
precautions or specify particular methods of performing certain activities, and time spent
performing a particular activity may need to be regulated. This should be ensured through
the use of the tracking system described in section 3.3.1.
The introduction of ergonomics programs and the establishment of rules and regulations
affecting the health and safety of the workforce will only be effective if the results are
monitored. Rules and regulations should be the subject of safety auditing during the
operating phase, where the results are documented and any resulting actions are the subject
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of a tracking report It has to be decided what form of action will be taken if workers are
not following the rules and regulations. The workers should also be encouraged to make
suggestions which will improve safety. These suggestions and the safety audit results
should be the subject of regular safety meetings within an operating facility, and the
suggestions should also be placed on a tracking report.
The effectiveness of ergonomics programs, such as safe lifting training, should be
monitored. This can be done through the use of observation and auditing, and the
recording of safety statistics. Data recording requirements are discussed in more detail in
section 3.5 of this document.
3.4 Guidelines for Test and Evaluation
3.4.1 Equipment Evaluation
There are many factors about the usability of a system or piece of equipment which do not
become obvious at the paper design stage. For this reason it is useful to provide mock-ups
of the system or equipment to test certain aspects. The earlier in the design process the
usability of equipment is tested, the more cost effective the impact upon the design process.
Mock-ups can be constructed as early as the conceptual design stage. For example, a
cardboard mock-up of a control room layout can be constructed to test its suitability in
terms of anthropometries and visibility. During the early detailed design stage, panel
drawings can be added to the mock-up to test the effectiveness of instrumentation layout for
use in performing control room tasks.
The level of fidelity for the mock-up depends upon its purpose. The Human Engineering
Procedures Guide (ref. 2) provides some discussion about different types of mock-ups. A
cardboard mock-up of the control room is adequate in the situation described above.
Drawings of computer control displays may be suitable to test the design of the screens in
terms of the users' need to retrieve certain plant status information, whereas a computer
system containing the screen displays within their defined structure may be necessary to
examine the navigability of the system. The latter is a dynamic mock-up as opposed to the
static mock-up of the control room layout.
The mock-ups allow the designers to test certain aspects of the design. To do this
representatives from the user population are used, who may be existing operators if the
project is an assessment or an upgrade, or future operators with previous operating
experience if it is a new design. The purpose of the mock-up should be considered
however, because if the mock-up is being used purely for anthropométrie purposes, then
operations personnel are not required; ordinary members of the population can be used. A
sufficient number of users need to be tested to make the results valid. Where possible in
operations-related issues, the range of users should be spanned i.e. a sample from the
experienced operators and from freshly trained operators, and a selection from different age
groups should be used.
The process of using mock-ups is iterative in that, as modifications are made to the design
as a result of testing or review, the mock-up can be modified and retested to examine the
improvement. This ensures that, in fact, the modification is an effective one, and leaves an
audit trail as proof.
3.4.2 System Level Testing
Mock-ups can be said to be a form of simulation, but usually they represent a piece of
equipment or part of a technical system. A simulator usually represents the interaction of
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system elements and pieces of equipment which are required to achieve a system goal. The
simulator can be used for the following purposes:
- to assess workload
- to verify operating procedures
- to determine the effects of certain variables upon performance
- to assess the adequacy of a design solution or modification and assess its impact upon
performance
- to assess whether continuing performance is adequate.
- to train and retrain operations staff
The simulator has some obvious advantages in its use for test and evaluation. A variety of
operational situations can be created without having detrimental effects upon an operating
system and it ensures that the effects of certain performance shaping factors can be
predicted before system operation, e.g. the effects of different lighting levels upon
performance. The simulator can demonstrate the adequacy or inadequacy of design
features in support of detailed design, and address issues which may not easily be
predicted. The simulator can also be used to test the effectiveness of the training program
and to carry out training in dealing with abnormal scenarios, which it is not desirable to
create in the real plant, and which may not occur sufficiently frequently to produce an
adequately trained response.
The tester must however, be aware of the limitations of the simulator. Firstly, it is not
possible to replicate exactly the operational environment. The stress of having an impact
upon real systems cannot be recreated, and there are invariably distractions and a number of
additional activities being carried out at the same time in a real situation. In addition the
subjects may lack motivation once they realize it will have no impact upon the system. The
Human Engineering Procedures Guide (ref. 2) discusses the advantages and disadvantages
of different forms of performance measurement and issues relating to test conditions.
The human factors specialist should record those issues which need to be addressed by test
and evaluation, throughout the earlier design stages and formulate a test plan. It is essential
to record the specific purpose of the test and ensure that the task which the subjects are
required to perform will actually yield suitable data for that purpose. Subjects need to be
selected, and measurement criteria and data collection methods established. The human
factors specialist should attempt to reduce as far as possible the effects of the limitations of
using simulators upon performance. A test schedule must be prepared. The above issues
are discussed by David Meister in "A Handbook of Human Factors" by Salvendy (Chapter
10.1 System Effectiveness - ref. 14) and in his book "Behavioural Analysis and
Measurement Methods" (ref. 8).
The testing of the system is of relevance to the systems designers, training specialists and
the operations personnel within the project team and so the test development should be
conducted with collaboration from these disciplines. The results of the tests must be
communicated to the relevant areas of design and any resulting actions should be tracked
using the tracking system discussed in section 3.3.
3.5 Data Requirements and Deliverables
3.5.1 Records and Reports
The first output from human factors inclusion in a design project will be the program plan,
as discussed in this guide. This evidently forms the basis of the human factors project
outputs and should be available to all project staff. Any amendments made to the program
of work should be recorded as a revision or an addendum to the project plan and should be
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communicated to all relevant project staff at the time the amendments are agreed.
Responsibility should be assigned to ensure that this document is kept up-to-date. In
addition to the program plan, a checklist may be completed to ensure that all relevant issues
have been addressed in the planning process (see section 4).
The next output from human factors analyses is likely to be the high-level or preliminary
task analysis which defines the tasks to be completed within the facility to be designed or
assessed. It is important that a logical numbering system is assigned to the tasks identified
in this analysis as this may provide the link between this and later, more detailed analyses
associated with operational tasks. Again this task analysis should be made available to all
project tasks, for revision purposes, to ensure that it is an accurate representation of how
the different tasks interact, and to ensure that if any modifications are made in other design
areas, communication with human factors specialists can be made appropriately.
Detailed task analysis data, analysis reports and technical memos, design recommendations
and tracking report will be produced during the detailed design phase of a project. The
detailed task analysis should adopt the numbering system established at the conceptual
design stage to number the tasks, so that the development of the analysis can be traced, and
information can be easily accessed by all project staff. Analysis reports, technical memos
and design recommendations should be labelled with a reference code which will identify
the system, report, technical documentation or drawing to which they refer. In addition,
any design issues raised in the aforementioned documentation, which become the subject
of, and so should refer to a tracking report which will address the issue or issues
concerned.
Completed checklists which assess design features and test reports which examine human
behaviour and usability issues, may be generated throughout the detailed design and
commissioning stages to verify the suitability of the design for its intended purpose.
Modifications may still be suggested as a result of these analyses and again reference
should be made to the process, technical system, piece of equipment or procedure to which
the checklists or test refer. It is important to maintain and refer to the relevant tracking
reports.
Throughout the project, progress reports will be produced which may be specific to human
factors or may address the progress of particular issues such as training or control and
instrumentation design. These reports should compare the progress made with the program
plan to ensure that the desired achievements are being made, and any amendments to the
content, budget or schedule can be implemented. At the end of the project, or at regular
stages throughout the project, a checklist may be completed to assess the human factors
achievements, as suggested in section 4.
A filing system should be established at the beginning of the project which will allow the
logical storage of all documentation produced, and allow easy access of the information by
the project staff.

3.5.2 Database Content
Human factors input to the design of a facility or system will reduce the likelihood of
operator error, but it is not adequate to cease human factors involvement in the system once
operational activities have commenced. There may be some behavioural phenomena which
impact upon system safely and effectiveness, that have not been predicted, and there may
be elements of the system design and operation which change over time. Continuous
monitoring of the human factors aspects of design and operation will ensure that optimum
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performance is maintained. In order to do this, a data base of human performance and
system design information could be set up and maintained.
The purpose of this database will be to record human performance-related issues as they
exist at the end of the design stage and regularly update the information, to assess the
impact of any changes upon performance and to perform continuous improvements. Task
data derived from the task analysis can be recorded in the data base. A procedure may be
implemented whereby the task analysis is updated, whenever there is a modification to a
procedure or a piece of equipment, or a new piece of equipment is added. A list of
equipment used by the operators could be recorded, and any particular skill requirements
and protective clothing associated with the equipment could be documented. This may be
linked to the task analysis so that any changes to the equipment list, prompts the user to
consider the implications relating to the task analysis.
The data base may include a personnel profile associated with the different job positions
which exist in the facility. This should document such details as educational requirements,
level of experience, type of experience etc. Human performance requirements relating to
tasks assigned to the personnel, can be recorded in terms of those achievements required
through the use of internal training courses, and those specifically associated with task
steps, such as the achievement of a reaction time to certain alarms, and achievement of
certain quality standards. In the same way as the task analysis is updated, any changes to
design can be assessed for their impact upon recruitment and training requirements and any
changes in recruitment requirements can be assessed for their impact upon training.
Potential hazards identified during the design stages can be recorded in the database, in
addition to information about how these hazardous conditions are prevented, or how the
personnel are protected from them. This may include a list of hazardous materials used
within the plant, their purpose and the location of storage and use areas. Levels of
hazardous substances imported in to the facility, used by the facility, created by the
process, treated by the facility and exported from the facility should be recorded. These
levels could be monitored within regular inspections, and changes in the levels (or
additions to the materials) could be assessed for their impact upon procedures, training and
the use of protective equipment.
One of the most important uses of a human factors data base is to record incidents and near
misses which are caused by human error, and detail their root causes. This data can be
used to improve upon design and operation of the system in terms of human error and
safety, prevent the recurrence of the event, to verify the human reliability analysis
completed during the design stages, and as a basis for the completion of future HRAs. The
quality of human factors data recorded in the past has been poor and is usually not explicit
about the exact causes and root causes of the incidents. This does not lend itself to
improvements which will prevent the incident from recurring, nor to the use of the data
within safety assessments. The incident reporting, investigation and recording system
should ensure that human error is considered explicitly and thoroughly.
If the HRA data originating from the design process is recorded in the data base, any
modifications made to design, training and procedures can be analyzed for its impact upon
reliability, to assess whether the likelihood of operator error has increased or decreased.

3.5.3 Linkage to Other Databases
There will be a database (either in an electronic form or in paper form) within the facility,
which lists the equipment and instrumentation. There should also be a list of hazardous
materials. The latter may be related to a stores list. Protective clothing may be included as
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part of this list or may form a list of its own. These data bases should be linked to the
human factors database so that the human factors database can detect any changes in the
inventory and can thus analyze the impact upon other aspects of human performance. The
hazards and protective equipment data bases may also receive information which modifies
their requirements as a result of analyzed impact from another source.
Personnel records should provide an input to the human factors database, in the form of
recruitment characteristics and requirements, and training databases will provide a useful
input in the form of training requirements relating to specific jobs. Performance review
data will allow the modification of training, equipment procedures etc. if performance
detriments are observed and traced to specific problems. Data bases containing procedural
information should feed into the human factors data base, to ensure that the introduction of
a new procedure or procedural changes, can be assessed for their impact upon equipment
and training needs.
Equipment reliability and maintainability databases will both yield and use information
contained in a human factors database. Hardware changes may have resulted in a
modification to overall probability of failure of an engineering system, and also may have
increased the physical and mental demands of the users. This will impact upon the
likelihood of operator error. The human error data recorded in the data base can be
modified according to the equipment reliability data, and the refined human error data can
be fed back into the hardware system failure data to provide a combined estimate of system
failure.
Incident data is likely to be recorded in its own data base which will define hardware
failures and operator errors. If this data base is linked to the human factors data base, then
the latter will be able to define remedial actions, to prevent operator error. This remedial
action will have an impact on one or more of the other categories of data within the data
base, such as training, procedures and equipment design. Conversely any modifications to
the other classifications of daia, can be screened for potential errors and compared to the
incident causes already identified, to analyze the feasibility of recurrence.
Responsibility for the maintainance of the data base needs to be assigned and procedures
for the access of information from, and release of information to other data bases must be
established. A procedure should also be developed for analyzing the impact of a new piece
of information upon other aspects of human performance. Links between the human
factors data base and other data bases can be demonstrated by Figure 5.
3.5.4 Structure and Form of the Deliverables
The contents of the human factors database should not be restricted to one form; that is the
information does not necessarily have to be in the form of electronic media. Certain types
of data are more effectively recorded in certain ways. An example is the use of video tapes
to demonstrate performance of a certain task within a particular working environment.
Audio tapes may be used to record verbal protocols of tasks for task analysis purposes and
perhaps for training effectiveness testing, although consideration must be given to the
impact upon the trainee of recording such information. The data base should reference
audio and visual media, in a way that makes them easily accessible to the users of the
system.
The data base could contain reports of its own, but may also refer to existing human factors
documentation, contained in a filing system. The database may provide references to these
documents which would enable the user to determine the contents of the documents
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Figure 5: Suggested Interactions Between a Human Factors Data Base
and Other Data Bases
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and be able to easily access them. These documents may include technical reports, design
issue tracking report, checklist and other documentation produced during the design phases
of the project.
The database would most usefully be set up on a computer, which would allow the user to
access information.by navigation through the system. A useful suggestion may be that the
user could access information by task, system, work area, job position or specific
procedures. The computer system would need to contain lists of these items. When a
particular item is accessed, the system should present to the user all the different types of
information which is available to him/her. For example, if the user wishes to search by
task and then selects fuel change operations as the task of interest, the system may offer the
user the following:
- list of equipment
- potential hazards
- protective clothing
- job responsibilities
- procedures
- training requirements
- performance requirements
- human reliability data
From this point the computer system could either provide the user with references for the
documentation which will contain the selected information, or the information could be
made available on the computer system itself. The latter would be desirable for a number
of reasons. The first reason is that it would save time and effort in accessing the data. The
second reason is that the system can be set up to prompt the user for input to
interconnecting items. For example, if an entry is made to the list of equipment or a
modification made to the list of potential hazards, the system could be designed to prompt
the user to make modifications to the training, procedures and other relevant sections.
Another important reason for the computerization of the whole system is to provide ease of
communication between different connecting data bases, but this of course presumes that
the other data bases are also computerized.
The data base could be set up to print off reports documenting the modifications made and
the impact upon other performance aspects of the system. Any data base reports produced
should include as a minimum the date of the changes, the reason the modification or
addition was requested, the nature of the change or addition, the aspects of system
performance which were assessed for impact and the outcome of this assessment. The
database report should also note who performed the database investigation and a list of
people who are required to review the report. The report should be issued as a draft until
comments have been received and resolved, and then the modifications to the data base
should become permanent.
4. HUMAN FACTORS PROGRAM REVIEW CHECKLISTS
4.1 Characteristics of Checklists
Checklist are lists of items, usually questions, objectives or standards, which are collated
with the purpose of achieving a goal. The goal in this context is to verify that all relevant
issues in the planning of a human factors program have been addressed. Checklists can
also be used throughout the design stages to verify that designs are compatible with their
intent and have achieved human factors standards. The checklist should require a YES/NO
answer and where possible, the desired responses should either be the consistent
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achievement of YES answers or No answers, rather than a combination of both. The
checklist should provide room for necessary additional information such as the following:
- comments explaining why an item does not conform to its standard or an explanation of
why it can still be considered acceptable
- elaboration of the issue under discussion
- an assigned priority to the action which must be taken as a result of a recorded inadequacy
- the name of a contact person to discuss and/or remedy the situation
There are a number of advantages to the use of checklists. They provide guidance to the
user as to the type of considerations that should be addressed in a given situation and
ensure that all the relevant aspects are examined. The checklist provides an auditable
approach to the analysis in hand; in this situation the analysis of adequacy of the human
factors program planning process. If a particular issue is not relevant or cannot be
addressed for a specific reason, the checklist will show that it was considered and not
omitted. The checklist will ensure that there is some consistency between different human
factors programs, and it can be modified as a result of past experience to encourage
continuous improvement.
There are some disadvantages associated with the use of checklists which it may be wise to
be aware of. There is not much room for detailed explanations to explain the basis for
some decisions, and whilst it is possible to state that an issue has been addressed, this does
not mean that the issue has been adequately addressed, nor that the results are appropriate.
For example, the checklist may ask whether the scope of the project has been defined. The
answer may be YES, but this does not indicate whether or not the scope is suitable for the
scale and goals of the project. The checklist lacks flexibility in that it only accommodates
the purpose for which it was designed in the first place; for example, if a checklist was
designed to assess the consideration of human factors issues within the development of a
training program, it is not possible to merely adapt it for the purpose of assessing human
factors input to a large scale design project.
4.2 The Design of Checklists for Program Review
There are two ways in which checklists can be used to assist the planning and coordination
of a human factors program within design and assessment projects; that is to verify that all
aspects of the program have been considered at the planning stage, and that the program of
work has been completed as intended. Table 1 shows an example of part of a checklist to
verify that the planning process was thorough. It is useful to develop a checklist which is
specific to the particular organization and the type of project which is to be carried out.
Another useful example of a checklist for this purpose can be found in EPRI3659 (ref. 3 pages 17-20). Table 2 shows an example of a checklist which may be used to coordinate
and monitor the process of inclusion of human factors. Additions can be made to this
example, such as a box to contain the reference and file number of the relevant
documentation. This checklist could be completed at the end of each design stage and
reviewed on a regular basis.
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Table 1: Example of a Checklist to Verify the Human Factors Program Planning Process

Program Planning Issues

Y/N

References/Comments

1. Have management agreed to the human
factors program?

Y

2. Has the detailed scope of the project been
defined?

Y

The scope is detailed in
"Project Scoping Document
For the Design of XYZ
Facility"

Y

The Human Factors
Program Plan defines the
resourcing requirements and
the amount specified has
been agreed

Y

Defined in "Project
Organization" document

Y

As above

Y

As above

3. Is funding available for the project?

4. Have all the project components been
identified?
5. Have the project interfaces been defined?
6. Has the process of interaction of human
factors with other design groups been
defined?
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Table 2: Example of a Checklist to Verify the Completion of the Human Factors Program

Program
Element
A. Task
Analysis

Issues
1. Hierarchical Task
Analysis
2. Detailed Task
Analysis

B. Allocation of 1. People and
Function
Machines
C. Control and
Instrumentation
Design

Design Stage Complet
ed
Y/N
Conceptual
Y

Comments or
Actions

Detailed Design

Y

Task analysis of
fuel change
operations still
to be completed
due to the
introduction of a
new piece of
equipment

Conceptual

Y

Detailed Design
2. Different Personnel
1. Preliminary
Conceptual
identification of C & I
needs

Y

2. Identification of
Operator information
requirements

Detailed Design
- see task
analysis

Y

3. Selection of
instrumentation type

Detailed Design

4. Specification of
detailed design issues

Detailed Design

5. Evaluation of
Operability

Commissioning

Y

Y
Y

Use of colour
on bargraphs
still to be
achieved - see
tracking report
no. ###

Y

Still to be
completed
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PART C: HUMAN FACTORS ACTIVITIES GUIDE
A report prepared by Johanne Penington of PHF Services Incorporated under contract to the
Atomic Energy Control Board.

ABSTRACT FOR PART C
This document is one of a set of three documents prepared on behalf of the AECB for their
licensees, to provide them with guidance relating to the consideration of human factors issues
within design and assessment projects. The first document outlines the areas of human
factors issues to be addressed in a project, and discusses when they should be addressed, and
other factors associated with the planning of a human factors program. This document
demonstrates how the human factors specialist can address these areas by presenting some of
the most commonly used methods and techniques to fulfill the project objectives. The
"Design Integration Guide" discusses some of the specific human factors issues to be
addressed, and ways in which human factors can be successfully integrated into the design or
assessment process.
This document presents the background to the requirement for the inclusion of human factors
by discussing the AECB's approach to regulation in this area, the purpose of the guide, the
expected user population, and the relationship of this document to the other two in the series.
The document discusses the reason and the type of human factors activities which are
relevant to the nuclear industry, defines certain terms used within the guide and provides
advice about the selection of appropriate methods and techniques for human factors analysis.
The guide addresses certain management issues which are further expanded upon in the
program planning guide.
The guide then presents a number of techniques associated with areas of human factors. The
sections present the rationale for the use of the method, discuss the inputs and outputs to the
techniques, the resource requirements, the appropriate project stage for its use, advantages
and disadvantages associated with its use, and links to other human factors techniques. The
document addresses the interpretation of the results of human factors techniques into the
specification of requirements for certain aspects of design and operation, so that the user may
see the impact they will have upon the design or assessment process. In addition to the
discussion of analysis techniques, the guide discusses test and evaluation techniques which
can be used for design verification and usability testing, and also tools for data collection
which may be used to provide an input to the human factors techniques or as part of the
techniques themselves.
The guide touches on design integration issues which are addressed more fully in the "Design
Integration Guide" and talks about the contribution of human factors analyses to the different
stages of a system life cycle. This guide is intended for use by human factors practitioners
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as a reference document to assist them in the selection of human factors techniques and the
implementation of a human factors program of work. It is not intended to be a definitive list
of techniques, but directs the user to useful references for further information.

DISCLAIMER
The Atomic Energy Control Board is not responsible for the accuracy of the statements made
or opinions expressed in this publication and neither the Board nor the author assumes
liability with respect to any damage or loss incurred as a result of the use of the information
contained in this publication.
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EXECUTIVE SUMMARY FOR PART C
There is an increasing realization of the importance of human performance, and the reduction
of human error, in the prevention of accidents and the creation of effective operating
systems. As regulators of the nuclear industry, it is one of the responsibilities of the Atomic
Energy Control Board to ensure that human performance-related issues are considered within
the design and operation of nuclear facilities. The licensees are required to demonstrate that
human factors issues have been incorporated into the design process and are considered
during the operational life of a facility. There are however no regulations relating to human
factors issues.
It has become apparent that the licensees would benefit from guidance as to the type of
human factors issues to address and how, so the AECB has undertaken to produce
documentation which will assist in this area. This documentation takes the form of three
guides: Firstly, "The Guide for the Development of a Human Factors Program" which
discusses the elements of human factors that can be usefully included in a design or
assessment project, where in the process they would be most useful and some of the practical
considerations of planning a program; secondly, this document which outlines some of the
methods and techniques which are available to complete the elements of a human factors
program; and finally the "Human Factors Design Integration Guide" which discusses more
specifically some of the human factors issues which will impact upon design and how they
can be integrated into the design and assessment process.
All three documents are intended to provide advice to the user, rather than to instruct the
user how to address human factors issues. It is intended that the users will be project
managers, facility managers, members of the project team and human factors specialists.
The program planning guide is most suited to managers and project managers to assist in the
definition of resources and schedules, and the calculation of costs, but it also gives the
project team and the human factors specialists an idea of where the interfaces between human
factors and other disciplines lie, and in what areas human factors will have an impact. This
document will probably be most useful for human factors practitioners, given that it discusses
specific approaches to human factors issues and problems, and provides references for human
factors activities. The project team may wish to consult this guide however, in order to see
how they will interact with human factors specialists on a day to day basis, and managers
may wish to consult the document to obtain a more detailed estimate of the resources which
will be required to carry out human factors activities.
The scope of the document is to define human factors methods and techniques which will
allow the user to address the elements of a human factors program as outlined in the program
planning guide. The human factors methods and techniques discussed in this guide perform
the functions of data collection, analysis and interpretation of the results of the analysis.
Within system design and development, information will be collected about the functions of
the facility or system, the design intent and appropriate human performance issues. The data
will be analyzed to define the requirements of the personnel and the system, and the
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capabilities and limitations of human performance specific to the operational scenario. The
data will be interpreted and translated into recommendations which feed into the design
process. If an existing system is being analyzed, data will be collected relating to design and
operational details, it will be analyzed for its acceptability in comparison with human factors
guidelines and again translated into recommendations for system improvement according to
the objective of the study.
The guide will suggest methods and techniques which are available and discuss the
advantages and disadvantages of their use, comment upon the resources required and discuss
the type of input required and the output yielded by the analyses. It is not within the scope
of this document to provide detailed instructions as to the use of the method. References are
given so the user may research the methods and techniques in more detail. The methods and
techniques discussed are all suitable for application to nuclear facilities, which encompasses
research and power reactors, fuel fabrication, and waste treatment and disposal facilities.
The range of techniques and methods discussed will permit the design and assessment of all
levels of technology which are present within Canadian nuclear facilities.
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1.

INTRODUCTION
1.1 Background

The role of human factors within system design development and evaluation is to introduce
the consideration of the user into the design and operation of the system, and ensure that
the design is compatible with human capabilities and limitations. The discipline of human
factors can therefore be said to provide an interface between the designers and the users, to
create a design which aims to optimize human performance. The objective is to reduce the
likelihood of human error as far as possible and provide a control system design which is
consistent with the operators' perceptions. The overall purpose of human factors input, is
to create a system which is safe for the users, the public and the environment, efficient to
operate and comfortable.
Human factors issues influence design at all design stages and thus should be incorporated
in the process as early as possible. This will reduce the likelihood that deficiencies will be
discovered later in the design process, when they are costly or difficult to modify. In order
to perform human factors analyses and assess the adequacy of a design, the human factors
assessor uses knowledge and expertise gained from past experience with similar systems or
operational situations, human factors methods and techniques, and human factors standards
and guidelines. This information is documented in a number of references which can be
usefully categorized into texts and handbooks, guidelines and standards.
A standard is a characteristic or set of characteristics which have been approved, usually at
a national or an international level, which must be adhered to. The penalties of
noncompliance will result in a lack of acceptability, and in terms of licensed facilities will
generally lead to a request from the regulators to resolve the incompatibilities. Guidelines
however contain suggestions and recommendations for various aspects of system design.
Texts and handbooks usually contain a mixture of theory about human performance and
human behaviour, which forms the basis for design decisions, and some guidelines. The
references within this document relate to each of the different types of source information.
Although a number of guideline documents exist which refer to the nuclear industry, they
are specific to the level of technology which was prevalent at the time of their production,
they tend to focus mainly on control room design and they do not address some of the
concerns which are being created as control systems become increasingly automated.
Previous and current guidelines refer to technology which is becoming obsolete. The
introduction of advanced control systems and automation still demand the examination of
traditional issues such as allocation of function and attention, but raise some new concerns
relating to interface design and user-friendliness. For this reason there is a requirement for
documentation which will provide the assessor with a generic approach to human factors,
to ensure that operational scenarios are examined for relevant human performance issues,
and are not technology specific.
The approach of the AECB to human factors is not prescriptive but requires that the
licensees demonstrate the consideration of human capabilities and limitations at all stages of
design and assessment. The AECB requests evidence to that effect. It is the intent of the
AECB to encourage their licensées to develop a proactive approach to human factors; by
designing against the possibility of human error, rather than resolving problems as they
occur in the operational phase of the system. The development of an overall approach in
terms of planning a human factors program which is relevant for a particular project,
selecting analysis methods and techniques which will assist in the fulfilling of project
goals, and ensuring integration into the design process to encourage optimum impact, are
the subjects of three guides developed by the AECB.
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1.2 Purpose
The purpose of this guide is to provide the user with insight into the type and variety of
human factors methods and techniques which can be applied to the nuclear industry. It
provides an analytical framework which will assist the practitioner in selecting the most
appropriate analysis or evaluation method for the specific purpose i.e. to meet a particular
program goal. The document will act as an aid for non-human factors specialists who wish
to address human factors issues, but will also provide a reference guide for the human
factors practitioner working within the Canadian nuclear industry.
This document can function as a stand-alone document but also forms part of the human
factors process developed in a series of three guides (see section 1.5).
1.3 Approach
Systems are assessed and upgraded due to any defined inadequacies, whether it is the
inability to accommodate increasing system demands, or inefficiencies, lack of
accommodation of productivity or safety concerns. System design and development can
also be termed a problem solving activity in that system development represents the
problem of designing a system which achieves its purpose, but is also compatible with
human capabilities and limitations, and is completed within cost and time constraints if they
exist. System testing and evaluating activities aim to resolve problems which have arisen
within the design, and to ensure operability. Problem solving activities consist of asking
and answering a series of questions such as: for what purpose is the display to be used,
does the operator need to read the display with some degree of accuracy, is the operator
capable of examining the display while implementing a particular control? The answers to
these questions will lead the user to developing an appropriate user-centred design.
In order to select the most appropriate methods and techniques for specific purposes within
the design or assessment project, it is essential for the analyst to pose a number of
questions which will assist in the identification of the specific qualities and characteristics
required of the techniques. The analyst should ask such questions as:
- what is the purpose of the analysis?
- at what design stage is the technique to be utilized?
- what resources are available to carry out this study (time, experienced personnel,
equipment)?
- are the inputs required by the technique available?
- will the outputs generate the required results?
- is the validity of the technique selected adequate for the purposes of the study?
- can the results from this study be used for other purposes as well?
This guide attempts to provide information which answers the above questions and thereby
allows the user to select the most appropriate technique. Decisions need to be made about
the cost effectiveness of the use of the technique. This is usually context specific and
requires to some extent the judgment of the user.
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The use of questions to guide the user to the selection of appropriate techniques, and to the
selection of appropriate design solutions will enable the user to make the judgments most
suited to the situation at hand, rather than specifying particular design details for a specific
piece of equipment or system. This is compatible with the AECB's approach to human
factors, in that the licensees are guided towards the solutions which are appropriate for their
facility, but not dictated to. This allows the licensee some flexibility to implement their
own human factors programs without being locked into specific methods and techniques,
or the use of specific design details.
This guide differs from some of the existing information sources in that it specifically
relates to the nuclear industry, but it also provides a general overview of the techniques and
methods which are available for human factors analyses, and allows the user to access
references for specific details on how to carry out the techniques. The techniques are
grouped together according to the type of method they represent, or their purpose. For
example, to assess workload the user would seek the section on methods of workload
analysis to select from a number of workload techniques presented.
The methods are arranged in the order in which they may be applied during the design
process, for example, function analysis is presented first to analyze the overall functions of
the facility or project, task analysis is presented next, to analyze the tasks which make up
the functions, and then later interface design techniques are discussed. This is to create a
logical structure, but it is evident that there are some activities which may in fact be
completed before others or in parallel. For example, training program development and
human reliability analysis may be carried out at the same time or in a different order.
There are a large number of source documents which discuss human factors issues and
methods arid techniques, but it is not easy or practical for the user to attempt to examine a
large number of documents to find out which techniques are suitable for the nuclear
industry, for their type of facility and for their particular application. The intent of the
guide is to examine handbooks, standards, guidelines and other human factors texts to
discover and document those which may be most suited for nuclear applications and
potential problem areas within both design and assessment projects. There are certain texts
which are referenced frequently. The user may find it useful to select such a group of texts
for purchase, based on the frequency of their use and their usability within the nuclear
environment. Where source material was not easily accessible, it was omitted from the
guide on the basis that the user would not be able to access it easily so it would not be
useful to them.
1.4 User Population
The users of this guide are intended to be human factors specialists, or members of staff
who are given the responsibility for carrying out human factors activities, within either a
design or assessment project. The expectations of the AECB are that this person will
preferably have a qualification in human factors, and relevant experience. The situation
may arise however where the responsibility for carrying out human factors analyses lies
with a non-specialist who does however have a degree of competence and familiarity with
the objectives of human factors, and with activities, methods and techniques which can be
used. In this situation, it is the relevance of the experience and their understanding of
human factors issues which are the important issues.
It is clear that human factors analyses are not stand alone activities and require interaction
with other project disciplines in order to carry out assessments, and to ensure that the
outcome is compatible with other system demands. The program planning guide (ref. 15)
discusses where project interfaces exist and how communication can be encouraged to
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integrate human factors activities into the overall process. There are a number of areas
where human factors concerns overlap with other fields, and decisions arc to be made
jointly between two groups of people within the project team, for example, in the
development of a training program. It is important that these groups of people are aware of
each others concerns and the relevance of the issues that the other is expected to address.
The human factors specialist is required to liaise with designers in relation to workplace
layout, equipment design and control and instrumentation design. System designers arc
responsible for the traditional design aspects but are required to incorporate human factors
issues, such as fulfilling operator information and feedback requirements and usability
considerations. Within maintainability, in addition to traditional concerns such as the
frequency of maintainance operations and the availability of maintainance equipment,
human factors issues such as accessibility and design for usability must be addressed.
Occupational health and safety issues will include human factors concerns associated with
the thermal environment, lighting, noise, and other aspects relating to personal comfort and
accident prevention. Safety engineering and reliability engineering should include human
performance related issues, and accident investigations require the examination of human
errors and root causes such as management deficiencies, in addition to equipment failures.
Within both the training and the human resources function, human factors will have a role
to play in the determination of the skills, knowledge and capabilities required to carry out
the necessary tasks, and hence in the identification of both training needs and recruitment
requirements. The logistics engineering of a project will have an impact upon all of the
above features of design and therefore it is important that communication takes place
between this area and the area of human factors.
The user population of the guide then is not intended to be solely human factors specialists
as it is useful for the other project staff to know on what type of issues they should liaise
with human factors personnel, and how it will impact upon their role within the project and
the design outcome.

1.5 Relationship to Other Human Factors Documents
This guiding document is one of a set of three which aims to assist the human factors
process within the Canadian nuclear industry (see Figure 1). The "Guide for the
Development of a Human Factors Program" (rcf. 15) focuses solely on the elements of a
human factors program, where they may fit into a project and other planning issues such as
budgeting, scheduling and so forth. It does not attempt to address the human factors
methods and techniques which may be used to fulfill the goals of these elements.
The "Design Integration Guide" (ref. 16) details the specific issues which human factors
methods, techniques, and guidelines would wish to address and specifically how these
issues will impact upon the design and assessment outcome. The three documents can be
said to form a hierarchy of detail in relation to the incorporation of human factors into
design and assessment, as the program planning guide examines the process, the activities
guide discusses the methods to be used within that process, and the integration guide
discusses the issues to be examined by the different methods and techniques and their
integration within the process. See Figure 1 to demonstrate the relationship between the
guiding documents.
The user will find that there are some aspects of the guides which are common to all of the
documents, such as the discussion of interfaces between human factors specialists and
other project staff. This is because interaction requires consideration at the planning stage
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Human Factors Process Guide
Guide to Planning and Managing Human Factors
Activities within a Nuclear Facility

Work Plan
Staff Selection/Assignment
Budget
Co-ordination with
Other Activities

Human Factors Activities Guide
Guide to Performing HF Analysis,
Test and Evaluation

\

HF Design Integration Guide
Guide to Integrating HF Principles Within Facilities
Control Rooms, Workstations & Equipment

Task Analysis Data

•"System/Equipment Design

User Abilities & Limitations

Equipment Purchasing

System Test & Evaluation

Operations Spécifications

•: User, Organization &
: Machine Requirements
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Figure 1 : Interrelationship of the Three Human Factors Guiding Documents
(W. Rhodes et al 1993)
Shaded boxes show some examples of outputs from the three guide documents.
Black arrows indicate the transfer of information for use in activities specified in
other documents. This diagram does not show feedback of information during
design development or retrofits.
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to ensure that the process encourages effective interaction. Also interaction with other
disciplines is essential for the completion of analyses, and integration necessitates
communication in order for human factors to have a positive impact upon the project
outcome. There are a number of other common threads between the guiding documents
which are important from the point of view of the users' understanding. Examples of these
are the issues of scheduling activities and resources. Scheduling is an important factor
within the planning process, but in addition some methods and techniques may demonstrate
suitability at different project stages and some human factors issues are more relevant for
integration into design at specific project stages. The resources required to implement a
human factors program must be considered at the planning stage, but will be affected by the
type of technique which is selected and the project stage at which it is carried out.
1.6 General Overview
Tne AECB intends this document to be a general reference, designed to assist the selection
and use of human factors techniques and methods. It is not intended to be a handbook of
step-by-step instructions as to how the techniques should be completed or the analysis
carried out. The intent is to discuss some of the relevant methods and techniques which
can be used to address the areas of human factors within a program. It is not suggested
that the methods and techniques discussed in this guide are the only methods and
techniques available. The aim is to identify some of the most commonly used methods and
techniques, and those for which there is some helpful reference material the user can access
in order to actually carry out human factors activities.
Section 2 of this document examines the relevance of human factors to the Canadian
nuclear industry in terms of some of the issues to be considered within the nuclear
environment. Section 3 aims to provide an understanding of human factors activities by
defining some of the terms which are used and indicating their differences, outlining the
design process itself and discussing the general issues relating to the selection of
appropriate methods and techniques. Section 4 addresses the management of human
factors activities and so relates back to the issues discussed in the program planning guide,
such as monitoring the progress of human factors and coordination with other project
teams.
Section 5 presents the suggested methods and techniques to be used within the program
elements. A number of methods and techniques are discussed in terms of when the use of
the method or technique would be appropriate, how it is used, the type of input required,
the type of output which is yielded, how the output data can be interpreted and how this
will impact upon the design. In addition there will be some discussion of resource
requirements of the method and any additional tools. The document will also demonstrate
links between the particular method or techniques and others within the process. Each
subsection within section 5 will list references which are useful for the particular human
factors element or method discussed.
Section 6 discusses the process of interpreting analytical data generated by human factors
analyses for the purposes of establishing operational requirements and section 7 discusses
methods and techniques for evaluating the design once the details have been specified.
Different methods of collecting and recording behavioural data are addressed in section 8.
It is important to address these behavioural techniques, as they provide an input to a
number of other techniques discussed in the guide. These methods and techniques are
categorized into objective and subjective measures and the importance of both of these are
discussed. Although design integration is the subject of another guiding document, the
contributions of the human factors analyses to other areas of the project are addressed in
section 9. The reason for this is that the use of the output from the analyses within the
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project is a fundamental element of the success the human factors contribution and should
be considered during the selection and implementation of the techniques.
Designs and assessments consist of an interactive process whereby the work is continually
updated and modified throughout the different project phases. Human factors input is not
therefore complete when each of the analyses, outlined in section 5, have been finished. It
is necessary to carry out a review of the activities at specific points in the process. Section
10 deals with continuing evaluation during the design and assessment of a system and
throughout the system lifetime. Section 11 discusses the storage of data resulting from
human factors activities, in a form which will be useful in the future operation of the
system.
2.

HUMAN FACTORS AND THE CANADIAN NUCLEAR INDUSTRY
2.1 Human Factors in Complex Systems

The role of the human within a system has in the past been to operate equipment and
interface with pumps and valves etc. in order to make the system perform its intended
function. There is potential for operator error in terms of incorrect operation of equipment
and the maloperation of pumps and valves, which will have a detrimental effect upon the
safety and efficiency of the system. Traditionally human factors has examined such issues
as equipment design, hardwired control and instrumentation design, workplace layout,
procedures and training. As technology developed, computer control systems were
introduced and the level of automation of nuclear systems has steadily increased.
Although the introduction of computer control has theoretically decreased the role of the
human operator and the potential for operator error, the complexity of nuclear facilities has
increased. Nuclear power reactors can now produce more power per reactor and occupy an
increased percentage of the electricity market, fuel fabrication facilities are expected to
produce more fuel in line with this demand, waste treatment facilities have an increased
level of waste due to increased power production, and greater demands are being placed
upon such facilities due to the level of environmental awareness. Research reactors are
becoming more complex as they are exploring the issues which promote the development
of future, improved efficiency power reactors, such as the performance of high efficiency
fuel. In addition to these factors, the nuclear industry has experienced an increased
understanding of adverse human performance issues and their causes.
The introduction of automated systems has also brought with it a new breed of problems
relating to allocation of function, interface design and training. The level of automation has
an impact upon operator workload and there may be a tendency to automate to the point
where the operator experiences boredom, which causes inattention and potentially leads to
performance decrements. The other related concern is that if the system requires too little
input from the operator and a system failure occurs, the operator may not have sufficient
knowledge, or sufficient up-to-date knowledge of the system status and performance, to be
able to assume control and render the system safe. The aim is to achieve a level of
automation where the operator is assisted in his or her role, but maintains a sufficient level
of awareness of plant and equipment status to safely assume control should this become
necessary.
The greater complexity of nuclear systems has increased the emphasis on effective training
programs and has raised the awareness that a systematic identification of training needs is
required, a combination of on-the-job and classroom training is essential, and the retraining
of certain infrequently performed but important tasks is needed. Due to the complexity of
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systems and the large number of procedures, the form and structure of procedural
documentation is changing. The computerization of procedures is being considered as an
easily controllable and accessible form of the documentation, and the format is moving
from system-based to symptom-based procedures, to assist in the diagnosis of problems.
System complexity has lead to a vast increase in the number of alarms which can be
activated in a nuclear facility, which has consequently lead to the need for conditioning and
prioritization of alarms to reduce the potential for overloading operators. Supervisory
systems are being examined as an aid to operators, and a number of interface design and
software dialogue issues are being explored to improve information management and the
user friendliness of the control system.
It can be seen therefore that design within the Canadian nuclear industry has not reached the
stage where all human factors issues have been addressed. There is still a need to examine
the limitations and capabilities of humans with regard to the changing system demands.
There is a need to examine physical capabilities regarding the safety of manual handling
tasks, the provision of access space for operational and maintenance activities, the effects,
of environmental stressors upon performance, the safe and comfortable use of equipment
and other occupational safety and health related issues. Human factors activities include the
examination of cognitive aspects of work in terms of the prevention of undesirable
phenomena such as memory overload, inattention, inappropriate workload, dual processing
and ineffective decision-making. In addition there are emotional/social aspects to be
considered within the working environment relating to the encouragement of positive
features such as team work and ownership of one's tasks and the safe conditions relating to
that task. There are also some negative social characteristics which should be avoided,
such as poor communication and friction between management and the workforce.
2.2 Human Factors Activities and Nuclear Facilities
The three guiding documents have been developed to propose a structured and thorough
approach to the inclusion of human factors considerations into facility design and
assessment projects. They aim to present the user with ways of assessing potential
difficulties which will affect the physical, cognitive and social aspects of performance
within a working environment.
Facility managers and project managers may use the program planning guide to determine
the scope of human factors involvement and make resource and budgeting decisions.
Human factors specialists may use the activities guide and the integration guide to plan,
carry out and monitor their contribution to the project and ensure that the desired impact is
achieved. Other project staff may wish to use one or all of the guides to determine where
and how and when they are expected to interface with human factors specialists. That is to
say that the guides are designed both for use as individual documents, or together as a
complete guide for the incorporation of human factors issues into nuclear design and
assessment projects.
The intent of this guide is to present to the user, methods and techniques which are suitable
for use in the design and assessment of control rooms and local plant areas. Issues such as
workplace layout, accessibility and instrumentation design are just as important within the
outlying process areas, as they still have a contribution to make to the safe and efficient
operation of the plant, and the safety and comfort of the workers is still a priority. The
inclusion of human factors considerations into future design projects will attempt to ensure
that human error potential is reduced and human performance optimized. When
improvements are being made to existing facilities, the guide can be used to select
appropriate methods for analyzing existing human factors deficiencies and suggesting
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remedial action, whether this forms part of a retrofit or upgrade, or an assessment
prompted by a deficiency.
The types of methods and techniques which are presented in this document are suitable for
different levels of analyses at different system life-cycle stages. There are methods which
can be used during the design stages and the commissioning stages. Test and evaluation
techniques are also suggested to perform the function of design verification at various
design stages including construction and commissioning. Techniques such as walk/talk
through to examine the suitability of the procedures, are suitable for such purposes, in
addition to the use of prototypes and simulators.
The techniques and methods included in this guide arc suitable for maintenance as well as
operations activities. For example, task analysis of maintenance operations can be
performed to assist in the identification of maintenance procedures, the design of
maintenance equipment and the identification of adverse environmental characteristics. The
decommissioning of facilities is an aspect of the system life-cycle which has not received as
much attention as the operational phases. It is however important that safety, efficiency
and comfort are maintained during this process. The methods and techniques can be used
to assess the suitability of working methods, practices and equipment design which are
necessary to carry out this activity.
3.

UNDERSTANDING HUMAN FACTORS ACTIVITIES
3.1 Activities. Methods, Techniques And Procedures

Within this document, the user will find the terms "activities", "methods", "techniques" and
"procedures". It is the intent that these terms will be used consistently with specific
meanings to assist the user in the process of planning and carrying out human factors
analyses. An activity can be thought of as more of a purpose and relates to the program
elements defined in the program planning guide. An example of an activity may be the
appropriate design of a workplace, which is a program element and its purpose is to
examine the operational situation to ensure that the design is acceptable for the intended
purpose and the capabilities and limitations of the operators, and is not likely to lead to
performance decrements.
Methods can be thought of as sets of techniques which will allow the analyst to complete
the human factors activity, and therefore fulfill the purpose of the element within the design
or assessment program. If the activity to be considered is workplace design, then the
methods which will assist the completion of this activity may be task analysis and
anthropométrie analysis. Techniques are the specific approaches to the completion of the
methods. Within this specific example therefore, the techniques selected may be tabular
task analysis (as one of the many task analysis techniques) and SAMMIE (as one of the
approaches to anthropométrie modelling). Procedures are the step by step instructions as to
how to carry out the analysis and as such are not within the scope of this document.
3.2 Human Factors Activities and the System Design Process
The design life cycle can be said to consist of the following stages:
- conceptual design
- detailed design
- construction and commissioning
- operation
- decommissioning
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Human factors considerations are relevant to each of these stages. The earlier in the design
process human factors is considered, the greater the impact it will have upon design, but
there are certain types and levels of analysis that can only be achieved at certain stages. For
example, the functions of a new facility and the systems which will be necessary to achieve
those functions may be identifiable at the conceptual design stage, but it will not be possible
to complete control and instrumentation design or procedural development until the detailed
design stage.
Decisions that are made at the early design stage are often revisited at a later stage due to
new information arising or new design developments taking place. For example, allocation
of function decisions made at the conceptual design stage may be modified as a result of a
workload analysis completed at the detailed design stage, which states that the operators
will be overloaded with monotonous tasks that could be automated. Detailed designs may
be modified at a later stage due to testing and evaluation. For example a piece of
equipment may be found to be difficult to use or ineffective for reasons only discovered
during testing at the commissioning stage. In addition to changes as a result of the
progression of design stages and therefore greater availability of design detail,
modifications may be made to one area of design as a result of the impact of another area of
design. An example may be the alteration of panel layout due to the realization that
information for one task is necessary for the completion of another task carried out on a
different area of the same panel.
It can be demonstrated therefore that the design process is an iterative one, so
communication between the different project disciplines is essential, and data from each
activity, within each design stage must be documented in a usable and easily accessible
form.
Within primary human factors assessments, there are two different types of analysis
activities; these are design and development activities and test and evaluation activities.
During the design and development process the inputs to the process are functional
information about the intent of the design and the goals of the system. As the process
progresses input will take the form of system requirements and the output from the analysis
will be in the form of user requirements. The outputs from the human factors analysis will
feed directly into the design process where the interpretation of user requirements into
design specifications will take place.
The test and evaluation scenario may either represent the testing and evaluating of proposed
designs later in the design stages of the system or it may refer to the evaluation of existing
systems to improve safety and efficiency. In these situations the inputs to the analyses will
be existing data about the design and operation of the system. The analysis will consist of
the examination of the suitability of the designs for their intended purpose and will address
human performance issues. The interpretation of data will consist of suggesting ways in
which the gap between desired performance and actual performance can be achieved.
It should be considered that there are other ways of providing human factors input to
system design and assessment, which are used in conjunction with analysis methods.
They could be referred to as interpretation of the data yielded by the analysis or secondary
activities. These include the use of human factors guideline data and the specification of
design details and performance requirements as a result of the analysis. For example, task
analysis may identify the fact that an operator needs to compare two tank levels at a certain
point and that the operator will be at a seated console when the information needs to be
accessed. Guideline documents will interpret this information into the need for a particular
type of a display at a particular size, for the purpose of level comparison and to ensure
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visibility. This is discussed more fully in section 6, which addresses the definition of
human factors requirements.
Other secondary activities may be the specification of human performance criteria, based
upon the capabilities and limitations of human operators, the system requirements, the
complexity of the task, the time available, the safety and quality concerns and any other
relevant data. The performance criteria may form the basis of the testing and evaluating to
verify the design and operability of the system, and/or set the standards for future
performance, against which the system will be evaluated for necessary changes in certain
features such as training, procedures and so forth.
3.3 Selecting Human Factors Activities
All human factors activities are not suitable for all situations, but require tailoring to fit the
specific situation at hand. For example it is not useful to say that one method of task
analysis will be suitable for all analysis purposes. It may be possible to use observational
techniques if the system or a similar system already exists, whereas this will not be
possible in the case of a new design. A task analysis used to examine control room
activities will not have the same requirements as that of local operations, where additional
information about the situation may need to be recorded, such as protective clothing
requirements or environmental conditions. Human factors techniques and methods will
need to be selected specifically for the situation in mind and possibly modified to meet the
analysts needs.
There will be a number of specific aspects which will affect the analysts' decisions when
selecting an appropriate method or technique. The level of detail of data collection will vary
between methods and as such will make them appropriate for certain objectives at certain
design stages but not for others. For example, if the objective of the analysis is to examine
the appropriateness of equipment layout within a control area, the use of link diagrams to
show the operators movements during specific tasks would be a more appropriate level of
analysis than employing a technique which requires detailed information about the timing of
the actions and the precise information requirements of the operators.
The level of validity and reliability of the data collected may be an important feature to the
human factors specialist. In a situation where workload is being examined, both subjective
and objective data may be useful for different purposes. If the objective of the study is to
calculate the number of activities which can be carried out within a shift, it may be
important to time the activities rather than ask operators to give estimates, as different
operators will invariably give different estimates. This may reflect actual differences or just
perceived differences, in the time taken to carry out operations tasks. If the objective of the
activity however, is to assess the stress levels of the operators while carrying out certain
tasks, it would be more appropriate to elicit the subjective opinions of those taking part.
Once the data is collected, the level of analysis which needs to take place will also vary
between methods and techniques. Again, this must be appropriate for the purpose.
Hierarchical task analysis is a useful technique to select if the analysts purpose is simply to
identify the operations activities which take place within a facility, and how they interact
with each other. This technique requires data collection and data representation but very
little data analysis in order to fulfill its goal. Techniques and methods relating to workload
assessment however will require data collection and representation, but will also require
interpretation of the results and analysis of possible solutions if the workload is found to be
inappropriate. Again if time available for operations tasks is the only consideration a
technique which requires little data analysis would be selected. If however the cognitive
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workload is to be considered, then a method or technique which requires analysis of
cognitive data would be more useful.
For the purposes of economy of resources, the applicability of analysis methods or results
for different purposes may be a consideration. For example, a task analysis technique may
be selected because it will provide valuable data for interface design, but it will also provide
the basis for training program content and procedures writing. A time line analysis
technique may be selected because it provides the means for decision making relating to the
number of personnel required in an operational situation, and because it provides the basis
for job design decisions. On-going data collection needs may also form part of the
selection criteria for human factors methods and techniques. The data collected may be
modified or augmented throughout the design process and during the operational phase of
the system, and so the data generated may need to be in a form which is amenable to such
changes.
In order to select the most appropriate method or technique for a particular purpose, the
analyst can usefully pose questions about what is expected from the technique. The
following are some examples of questions which may guide the user to the selection of an
appropriate technique:
1. What is the goal or the purpose of the analysis and is there more than one goal?
2. What information will need to be collected in terms of design and operations details, are
there any assumptions that must be made, and how can this data be obtained and recorded?
3. What level of interpretation and analysis of the data will be required to achieve the
purpose of the analysis?
4. What resources are available to carry out this activity in terms of time, and personnel,
and will this constrain the analysis in any way?
5. At what design stage is it intended that the analysis will be carried out?
The answers to these questions should assist the user in the selection of an appropriate
method or technique, by matching the answers to the information contained in the guide
and in the references. There is further discussion about the use of guiding questions in the
selection of techniques in "Behavioural Analysis and Measurement Techniques" by Meister
(ref. 10), and more examples are given of the type of questions to ask.

4. MANAGING HUMAN FACTORS ACTIVITIES
There are a number of relevant considerations to bear in mind when managing human
factors activities. They need to be addressed at the program planning stage and so these
issues are addressed in some detail within the "Guide for the Development of a Human
Factors Program" (ref. 15). It is relevant however, to summarize the considerations in the
activities guide as they affect the overall analysis process, and the selection of techniques
may affect specific aspects of the planning process.
4.1 Determination of Level of Effort
The level of effort required to carry out human factors activities is dependent upon the
amount and type of data which needs to be input to the analysis method or technique, the
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complexity of the technique itself, and the level of analysis and interpretation of data which
is required. This will have a bearing upon the time taken to complete it and so will affect
the cost. The cost effectiveness is a product of the level of effort expended compared to the
usefulness of the outcome and it is difficult to specify in quantitative terms. The qualitative
judgment of cost effectiveness will be dependent upon the scope and objectives of the
project and the suitability of the analysis technique for its purpose.
4.2 Scheduling
The scheduling of human factors techniques within a program will be largely dependent
upon the input requirements of the technique and the proposed use of the results of the
analysis. For example, it is not possible to perform control and instrumentation design at
the conceptual design stage, before detailed task analysis has been carried out to identify the
operators' information requirements. Within the detailed design stage itself it is not
possible to perform workload analysis before task analysis is complete, as the latter
provides the basis for the former.
Scheduling is not only important within the set of human factors activities, but is also
dependent upon the needs of other project team members. For example procedural
documentation should be completed after the system design details have been specified and
after task analysis of operations and maintenance activities has been completed. It is clear
then that task analysis activities should be scheduled to provide the users of this detailed
task information with the necessary information to complete their project tasks.
4.3 Coordination
Coordination within the project team is an important aspect to ensure the impact of human
factors upon the design or assessment process. Coordination is necessary between human
factors project team members (if applicable) to ensure that effort is not replicated and
information is shared about activities which may impact upon one another. For example, a
human factors specialist involved with equipment design would wish to liaise heavily with
a human factors specialist working on the development of training to ensure that the
training program accounted for the equipment users' needs.
Another example which demonstrates the cost effectiveness of a coordinated approach is
the use of task analysis as a basis for a number of other techniques. Task analysis will be
completed to identify the information requirements of the system operator, which can then
be used to define control and instrumentation needs. The results can also be used to form
the basis of workload analysis, training program development, procedures documentation
and so forth. It is not cost effective to repeat the task analysis process for each of these
purposes, and so the initial task analysis should be developed to serve all the analysts'
needs or designed such that it can be appropriately modified at the relevant time.
Coordination is required between the human factors specialist and the rest of the project
staff to ensure that the specialist obtains information about the design intent and to ensure
that any human factors concerns or recommendations are fed into the design process. For
the purposes of both coordination within the human factors team and with other project
teams, it is useful to identify the nature of the inputs and outputs to the use of human
factors methods and techniques. This will permit the lines of" communication to be
identified at the early project stages, and mechanisms for communication be identified. In
order to effectively communicate, it is essential that the roles of each project team, and the
specific roles within the team, are identified and communicated to the project staff, and
expectations relating to the timing and content of deliverables are documented. The
program planning guide (ref. 15) addresses the area of coordination in a little more detail.
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4.4 Tracking Human Factors Activities
The tracking of human factors activities serves two purposes: the first is to ensure that the
activities are meeting their time and cost schedules; and the second is to ensure that the data
yielded by human factors analysis is utilized and communicated to the relevant areas of
design or assessment The first use of tracking will enable the program to be modified
according to delays or a change in the scope and will be useful for the future development
of human factors programs. The second use of tracking relates more to the usefulness and
applicability of the methods and techniques selected for specific purposes and will again
provide valuable experience tc be used in the future selection of analysis methods.
If the purpose of the technique, the inputs required and the desired outcome are
documented, some means of comparison will be provided upon completion of the activity
to make a judgment of its success. Any reasons for lack of achievement can be recorded
and used as part of a lessons learnt exercise. The "Guide for the Development of a Human
Factors Program" (ref. 15) discusses the use of checklists to verify the human factors
program and gives an example of a checklist which monitors the completion of different
activities at different design stages. The user may find this a useful tool or may wish to
develop a checklist which examines the use of human factors methods and techniques in
more detail. In addition, reference 15 presents the idea of using a tracking report system
which will record areas of concern relating to human factors, an agreed solution and a
specified action plan for completion. This allows the impact of human factors upon the
design or assessment process to be tracked and provides an auditable trail of the process of
interaction.
4.5 Recording and Reporting Techniques
The project staff should all be made aware of the deliverables which they are expected to
issue and the form which they should adopt, and a filing system should be established
which will allow the project staff to access the information produced. A
reference/numbering system should be established to allow the user of the filing system to
easily access documentation associated with or referred to within other documentation.
This is relevant for all project documentation and not just human factors data.
Human factors information may take the form of a program plan, a checklist to verify the
planning process, task analysis data, analysis reports, technical memos, design
recommendations and tracking reports. Consistent use of a particular document type for
different purposes should be adopted and referencing should be standardized to be
compatible with the overall project information access system. An important example of
consistency is the use of the same numbering system for tasks within a preliminary
hierarchical task analysis, as that of a detailed task analysis, and the identification of skills,
knowledge and capabilities associated with these tasks. This would allow for ease of
tracing the sources of the information, and will ensure that any modifications to one of
these components can be assessed for its impact upon the others.
Analysis reports, technical memos, design recommendations and tracking reports should
indicate their origins. For example, they should clearly reference the system information
which formed the basis of the analysis and any other relevant documentation or drawings.
Progress reports issues at defined stages within the project will form part of the series of
project-related documentation.
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,4,6 PrQdycing Human Factors Databases
The methods and techniques carried out within the human factors program will yield data
which may change or be added to throughout the lifetime of the system. A database
containing this information should be maintained to allow for the continuous improvement
of the system in terms of optimizing human performance and minimizing human error. The
data base may take the form of a paper system, such as the filing system alluded to above,
or it may be a computer based system which will allow the interaction of related elements.
The data base should contain such information as task analysis data, skills and knowledge
requirements, recruitment requirements, training program information, performance
standards, equipment data, control and instrumentation data, hazardous materials and
protective clothing lists, human reliability data and incident recording and. investigation
results. The data base should be designed to provide the necessary interaction between the
human factors elements so the modifications to one area can be assessed for its impact upon
another. For example, an addition to equipment will require training and procedural
additions, and any modifications to the training program may result in changes to the
performance standards.
It should be clarified how the data base will be structured, who is responsible for its
maintainance, and the source of the input. The data base will probably be set up at the
same time as the design process, or during the assessment process, if it does not already
exist. The outputs from the analysis methods and techniques should be defined in terms of
how they will be incorporated into the data base and where, and how the information will
interact with other areas of the data base or other data bases. The issue of human factors
data bases is discussed in more detail in the "Guide for the Development of a Human
Factors Program" (ref. 15).
5. HUMAN FACTORS ANALYSES: METHODS AND TECHNIQUES
It is the intent of this section of the guide to address different human factors methods and
discuss some of the techniques which are available to fulfill the objectives of the methods.
It is not intended that the methods and techniques presented here are definitive, but are
some examples of more commonly used methods and techniques which will be useful to
the user. The guide does not give step-by-step instructions for the completion of the
techniques but a general review of their use. The methods and techniques are described in
terms of the rationale for their use, a general description of the analysis, data inputs and
outputs, data interpretation, resource requirements and any relationships with other
methods and techniques. The user is then presented with appropriate references to seek
further information.
Figure 2 represents the use of the different human factors methods throughout the design
process and also provides the user with a graphical representation of the structure of the
rest of the guide.

5.1 System/Function Analysis
The first stage in any system development is the definition of the purpose of the system and
the requirements for which the system is to be designed. The analyst would usually define
the overall goal of the system and then identify the different functions of the system which
would enable the goal to be achieved. Once the functions have been defined, it is essential
to give some structure to the functions, in terms of representing how the functions will
interact with each other. It is also at the function analysis stage that the requirements for
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each function to be carried out will be defined, and functions will be allocated to man or
machines.
Due to the nature of this method, it is likely to be carried out at the early design stages in
order to ensure that the design will match its intent, and to provide the basis for further task
identification and task analysis.
The following subsections provide information about a number of techniques which can be
used to analyze functions at an early design stage.
5.1.1 Functional Flow Diagrams
Technique Description: Functional Flow Diagrams (FFDs) are graphical
representations of system activities, starting from the goal or mission and expanding upon
the level of detail. The aim of producing the diagrams is to identify the functional elements
of the system. The concept has been developed from engineering practice and uses a series
of blocks to represent system elements. System elements may be pieces of equipment,
control systems and/or people, and are linked together through the use of AND and OR
gates to show their interrelationships. No distinction need necessarily be made at this stage
between those functions performed by man or machines until allocation of function has
been completed (see section 5.1.3).
The FFD can be considered to be a linear form of a hierarchical task analysis (see section
5.1.2) as it represents the system functions at increasing levels of detail. The FFD does
however tend to be system-based as opposed to task-based.
Design Stage: As already mentioned, this technique would be used at the early stages of
system design, as the amount of information is limited to function sequence and
relationship.
Inputs: The inputs to the technique are therefore information about the design intent of
the system and any available early design details. The technique will require input from
system designers and from operations personnel to ensure that the sequence and
relationships of the functions are arranged in a logical way.
Advantages and Disadvantages: The advantages of using such a technique are that it
is a relatively easy concept to learn so there is minimal training associated with the
technique for naive users, and it provides a clear picture of the functions comprising the
system and how they are related. The latter feature means that it provides a structured base
for future human factors analyses relating to these functions. The numbering system
associated with the tasks provides an auditable trail through future analyses; for example,
the task number within the FFD may be used within the training needs analysis, where
skills and knowledge associated with task are identified, to show the origins within the
task function. The FFD can be easily expanded or modified using future design
information, or during the operational phase of the system when changes are made. This
will provide the basis for assessing the impact of the changes upon other areas of design.
In addition, the technique can be used as part of the iterative process
to allocate functions within the system. When function allocation has been completed, the
FFD can be modified to reflect the decisions, and any impact upon the flow of functions
can be assessed.
It should be considered that although in general this is a cost effective technique, it can be
very time consuming to carry out for large systems. FFDs have traditionally been system
based, which may make the future analysis of tasks which cross a number of systems more
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difficult (e.g. start up of a reactor). However there is no reason why the technique cannot
be carried out to represent task-based information instead. This technique does not
represent any time information, but this may not be considered to be a disadvantage due to
he early stage of system design and the fact that time-based analyses can be carried out later
in the design process. The FFD has links with most of the human factors analyses which
aie carried out within the design process, due to the fact that it examines the system from
the top level. References to links with this technique will be made within subsequent
subsections.
An example of an FFD is shown on Figure 3. The Human Engineering Procedures Guide
(ref. 1) provides instructions on how to carry out the analysis, and it also offers examples
for the user to follow. Meister (ref. 3) also discusses and demonstrates the construction of
FFDs. Both of these examples are related to the aerospace industry rather than the nuclear
industry. They do however adequately demonstrate the principles to follow.

5.1.2 Hierarchical Task Analysis
Technique Description: Hierarchical Task Analysis (HTA) is a very similar technique
to the construction of FFDs. The purpose of carrying out the technique is to produce a
graphical representation of the functions which comprise the overall goal of the system.
The difference between the two techniques is that the HTA is presented from top down on
the page in a hierarchical fashion, as opposed to the linear form of FFDs. To construct the
HTA the overall goal is broken down into the various functions which make up the goal,
and these functions are broken down in increasing levels of detail into sub-functions. The
HTA, like the FFD, shows the interrelationship of the functions, and is able to demonstrate
the sequence of activities by the use of plans, which are written indications of task
sequence included at each level of the HTA. Figure 4 shows an extract from an HTA and
reference 2 provides further examples for the user to follow.
Design Stage: The HTA, like the FFD, is carried out during the early design stages and
is amenable to later addition and modification during both the design and operational phases
of the system life cycle.
Inputs: The inputs to the technique are early design details and knowledge of the design
intent.
Advantages and Disadvantages: The benefits of the HTA can be considered the same
as that of the FFD, in that it is an effective way of identifying functions and their links, it
provides the basis for a number of other human factors analyses and the numbering system
provides an auditable trail for future performance-related data. . The HTA is task-based
and as such provides valuable operational information which can form the basis of design
decisions and operating instructions, which are more usefully task-based rather than
system-based. The major disadvantage of the use of a task-based technique at the very
early stages of system design is that it presupposes that the functions have already been
allocated to operators and machines.
The principles of HTA construction are not difficult to learn (see ref. 2), but as with the
FFDs, it would be time consuming to construct an HTA for a large system. Again due to
the fact that the HTA can examine system functions at a high level, it is most usefully
completed during the early design stages and provides the basis for a number of other
human factors analysis techniques such as training needs analysis and interface design.
HTA, by its title, is a technique can be said to belong to the family of task analysis
techniques. It has been included in this section because it is suitable for high level
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analysis and indeed usually starts at a high level. It can however be expanded to a very
detailed level which permits the identification of individual task steps. The analysis can
also be started at a more detailed level for a specific purpose, for example, the top goal
which is subsequently subdivided may be Change Fuel, with the purpose of identifying
the individual steps taken, rather than the starting at the Operate Reactor or Produce
Power level. It remains to be decided whether at this detailed level an HTA is the most
suitable method of task identification to use.

5.1.3 Function Allocation
Description: Function allocation in this context means the allocation of function between
man and machines as opposed to the allocation of functions between personnel or
throughout the shift, as in the consideration of job organization issues. Having identified
the functions themselves, the intent is to use knowledge of human capabilities and
limitations to appropriately allocate functions to a human or a machine. Decisions have
usually been made based upon past experiences with similar systems and based upon lists
of activities, categorized into those best performed by humans and those best performed by
machines. Such a list compiled by Paul Fitts in 1951 (see Table 1) has been used
extensively, but there has been a recent realization that the application of a list is not
necessarily a useful way of allocating functions.
It is acknowledged that humans will always be considered less reliable than machines, but
that machines will always be considered less versatile than humans. There is also the
realization that there is a point beyond which automation will be detrimental to human
performance due to underloading, and may lead to situations where the operator will be
unable to respond effectively in the event of a system failure, due to deficiencies in his or
her knowledge of operational status and activities. The Human Engineering Procedures
Guide (ref. 1) discusses issues relating to allocation of function and outlines a worksheet
approach which requires the itemizing of plausible roles for people and equipment and rates
them against a set of specified performance criteria.
Meister (ref. 3) has developed an approach to function allocation which is similar to the
worksheet approach but seems to consider more thoroughly the automation alternatives.
The technique requires that all alternative ways of performing a certain function are
identified. This requires a great degree of interaction between behavioural specialists and
engineers to ensure that all possibilities are explored. A qualitative description is written
about each alternative and then each is rated according to a number of defined criteria,
which may include issues such as performance standards, effectiveness of outcome, cost
effectiveness, reliability, physical limitations, stress and so forth. A formula is applied to
combine the ratings to demonstrate a favourable selection.
Inputs: The inputs to the method will be task information relating to performance
standards, which will require participation from both system designers and operations
experts, both to decide upon the appropriate criteria and to perform the rating itself. The
output from the technique will then feed into the design process.
Design Stage: The information resulting from this analysis does not link directly with
other human factors techniques, but provides the basis upon which future designs are
created. The allocation of function is likely to be revisited in the later design stages, as
modifications are made to the design or the design intent, and it may become clear that the
designs do not match the selected criteria or that the ratings require some modification. In
this respect the technique is amenable to addition or modification but it is essential that the
analyst realizes that the later in the design process allocation of function is addressed, the
more difficult and costly changes become.
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Man Excels In:

Machines Excel In:

Detection of certain forms of very low
energy levels

Monitoring

Sensitivity to an extremely wide variety of
stimuli

Performing routine repetitive, or very
precise operations

Perceiving patterns and making
generalizations about them

Responding very quickly to control signals

Detecting signals in high noise levels

Exerting great force, smoothly and with
precision

Ability to store kirge amounts of.
information for long periods - and recalling
relevant facts at appropriate moments

Storing and recalling large amounts of
information in short time periods

Ability to exercise judgment where events
cannot be completely defined

Performing complex and rapid computation
with high accuracy

Improvising and adopting flexible
procedures

Sensitivity to stimuli beyond the range of
human sensitivity (e.g. infrared, radio
waves etc.)

Ability to react to unexpected low
probability events

Doing many different things at one time

Applying originality in solving problems
i.e. alternative solutions

Deductive processes

Ability to profit from experience and alter
course of action

Insensitivity to extraneous factors

Ability to perform fine manipulations,
especially where misalignment occurs
unexpectedly

Ability to repeat operations very rapidly,
continuously and precisely the same way
over a long period

Ability to continue to perform when
overloaded

Operating in environments which are hostile
to man i.e. beyond human tolerance

Ability to reason inductively

Table 1 : Fitts List
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Advantages and Disadvantages: The advantages of using such a method are that it is
a systematic way of addressing the possibilities of allocation of function, and it
demonstrates a favourable selection in numerical terms, which may be appealing to
engineers. Its value is however in its qualitative consideration of automation ideas. There
are a number of disadvantages associated with the use of this technique. It requires
extensive collaborative efforts between the engineers/system designers and human factors
specialists and requires consideration of performance standards at an early stage in system
design when these standards may not be easy to explicitly identify. Cost often outweighs
other considerations within automation decisions, and trade-offs are necessary between
automating those parts of the process which could be monotonous and time consuming,
and maintaining the awareness of the operator. This is an ongoing concern within the
nuclear industry and there are no strict answers to these concerns, but the user should be
aware of these issues when addressing this area.
5.1.4 Decision/Action Diagrams
Technique Description: Decision/Action Diagrams (D/A diagrams), sometimes called
information flow charts, are basically an extension of the FFDs. The D/A diagram is used
to show the flow of system data through the use of actions and decisions. It usually adopts
a vertical orientation rather than the left to right orientation of the FFD and uses more
detailed symbology to distinguish an action from a decision, and to indicate whether an
action performed is performed by people, machines or software. The recording of
information flow in this way can be likened to the process used in computer programming
in that the charts are based upon binary decisions to lead the user to the next decision or
action.
Design Stage: Although this technique can be used at a more detailed level of analvsis,
it is suitable for use early in the design process after allocation of function has been
completed.
Inputs and Outputs: The inputs to this method are data from FFDs, but also
information about the decisions which are available to the system users and how these
decisions will impact upon the process. The output from this technique will be a graphical
representation of the activities which will be carried out to achieve the system functions.
Advantages and Disadvantages: The D/A diagram can provide a useful framework
for the development of operating proceduresas it considers the interaction of the operator
and decision alternatives. For this reason, it is also a useful way to examine the potential
operator error associated with system performance. The D/A technique can also form the
basis of other techniques, for example it can be used as part of a time line analysis by
adding information such as time associated with the defined activities. The technique can
also be used as part of software development for a computer control system.
The caution associated with the use of this technique is that it can be complex and unwieldy
at more detailed design stages which means that it can be fairly resource intensive. The
user should carefully consider the design stage at which the technique should be employed
and assess whether it is the most suitable technique for the purpose during the later design
stages.
5.1.5 Operational Sequence Diagrams
Technique Description: Operational Sequence Diagrams (OSDs) are similar to D/A
diagrams but they are more complex representations of operational activities. OSDs
incorporate more complex symbology and so are able to discriminate between decisions,
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manual actions, automatic actions, transmitted information, stored information and received
information. The OSD is different to FFDs and D/A diagrams in that it focusses on
behavioural activities as opposed to system actions.
The original purpose of the OSD was to distinguish between manual and automatic
operations to highlight vulnerability to human error, but now is used for a variety of other
purposes. Temporal OSDs represent the time taken to complete each activity on the vertical
axis so that examination of the diagram for time stress is possible. Partitioned OSDs can be
used for tasks involving more than one operator. This consists of an OSD on a vertical
section of the page for each member of personnel, to determine how the personnel interact
with each other. Job process charts are specific examples of partitioned OSDs, which
contain columns for machine operations on the left, human operation on the right, and the
interface between the two in the centre. This is a way of defining interfaces and provides a
basis for their design. In addition, there are spatial OSDs which are usually composed in a
map form with the symbols placed in the relevant locations. The user should consider
however, whether this is a complicated method of examining location and layout. "A
Guide to Task Analysis" discusses the different types of OSDs.
Inputs: The information sources for OSDs are FFDs, D/A diagrams, workplace layout
and any other operational information which is available at that time.
Design Stage: One of the advantages of this technique is that it can be employed at any
design stage. The user should consider the most appropriate design stage to satisfy the
purpose for which the technique is being completed.
Advantages and Disadvantages: This technique is fairly resource intensive due to the
amount of information represented. Useful advice to the user is to decide upon the group
of techniques which will be used within the program and identify where data may be shared
between techniques. OSDs are one of the cheapest and quickest ways to simulate a system,
and provide a clear visualization of interrelationships between man and machines. OSDs
capture information about decision and action functions, temporal and spatial information
and also give some indication of task frequency and workload. It is useful for the
examination of tasks which occur simultaneously.
One caution to be aware of is that although the technique is versatile and can be used to
show a number of different facets of operation, usually one diagram can only show one of
these areas at any one time. For example, a spatial OSD will not include temporal
information. The time and cost invested in the use of this technique is high and requires a
trained individual with analytical skills. OSDs can become cluttered and confusing when
representing large or complex systems (see reference 2 for a discussion of the pros and
cons associated with the use of OSDs).

5.1.6 Task Description/Identification
Technique Description: The purpose of task description/identification (TD/I) is to list
all the actions in sequence which are required to address each function identified, categorize
the actions into those completed by personnel, hardware or software, and to describe the
action to be carried out. Each action is described in behavioural terms using a verb, for
example, "monitor the alarm display", "press the shutdown button." Within the TD/I the
analyst may progress as far as identifying the inputs and out puts from the task if it is
deemed useful, but it is not essential at this stage. The difference between this technique
and task analysis techniques described in section 5.2, is that this technique is only intended
to identify the tasks and describe the nature of the activity, not to analyze the tasks.
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Inputs: The inputs to this technique may be extracted from FFDs, HTAs, allocation of
function exercises, D/A diagrams and OSDs. It is a useful complement to the above
techniques, as TD/Is identify the tasks or task steps associated with the functions
represented in the above techniques, and enables them to be grouped in a way which will
assist in further analysis. Tasks can be categorized into those carried out by different
operators or those carried out by different job positions within the employment hierarchy.
Input from operations personnel should form part of this exercise to ensure that there is
agreement as to which tasks are performed and how they are carried out. The output from
this technique can be used for a number of purposes, including job/personnel organization
and training program development. It will also assist in the construction of operating
instructions.
Design Stage: This method is most suitable for use in the early design stages to assist in
the planning of future analyses. This is due to its use of other function analyses as input to
the technique, and the applicability of its output for laying the foundations for analysis
which will be completed at the detailed design stages.
Advantages and Disadvantages: The use of this technique is fairly simple as it does
not require any analytical skills, but it does require an in-depth knowledge of the system
requirements. A difficulty which the user may encounter is that of deciding upon the level
of detail at which to stop. It may help if the analyst has already planned which future
techniques will be used within the rest of the design project, and the type of information
which will be required to complete them. There is no standard format for the information
to be included in the TD/I, which may have assisted a non-specialist in human factors. The
other difficulty that a user may experience is that of deciding which verb to use to describe
an action. The only rules to consider here are those of consistency and ensuring that the
verb accurately describes the activity.
In summary, the TD/I is a useful, efficient technique to include within the suite of analysis
techniques for a design or assessment project. It is easily learnt and can provide structure
for the on-going human factors analyses. Meister (ref. 3) provides a concise summary of
issues relating to the use of this technique.
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5.2 Task Analysis
Description: Task analysis can be defined as the study of what an operator has to do, in
terms of actions and/or cognitive processes, in order to achieve a system goal. Task
analysis has many different purposes: it can be used to ensure the safety and productivity
of the system, but it can also be used for such purposes as allocation of function, person
specification, staffing and job organization, task and interface design, skills and knowledge
determination and performance assurance. These activities can be performed during the
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design process or during the operating phase to resolve specific problems which have been
identified.
There are a large number of task analysis techniques which are available to the user, but it
is not possible to address all of them here. The purpose of this section of the guide is to
introduce the area of task analysis and then examine some examples of more commonly
used task analysis techniques. To assist the user in addressing task analysis, it may be
useful to categorize the techniques into the following:
- data collection techniques
- description techniques
- simulation techniques
- behavioural assessment methods
- requirements evaluation methods.
Inputs: Data collection methods include techniques such as structured interviews,
observation techniques and questionnaires. Some data collection techniques, can obviously
only be used for existing systems or carried out on a system which is similar to the one
being designed e.g. observational techniques. Other data collection techniques can be used
for design or assessment purposes.
Task description techniques use graphical representations and words to describe the actions
and the thought processes to be carried out in the achievement of a system function, and
include such techniques as HTA, and charting and networking techniques. OSDs can be
considered one of this group of task analysis techniques when it is carried out at a detailed
level. They can be carried out at any stage of the design process, but their effectiveness at
different stages will be dependent upon the reason for their use.
Simulation methods actually construct an operating scenario and may be as simple as tabletop analysis and walk/talk through analyses or as sophisticated as a full scope simulator
(see section 5.2.4). In order to simulate a particular operating environment or situation,
preliminary design details must be available. In light of this, these techniques will prove
more useful in the detailed design and assessment stages of a project.
Behavioural assessment methods examine potential operator behaviour within the specified
tasks or operating situations and include fault tree analysis, event trees and failure modes
and effects analysis. These task analysis techniques are used to assess the human error
potential associated with a particular design, and to perform human reliability assessments
(see section 5.12). For this reason, they are most useful in the detailed design and
assessment stages of a project. Requirements evaluation techniques arc those which assess
the extent to which the proposed design meets human factors criteria, and includes
ergonomics checklists and interface surveys. They are most useful in the verification of a
design during the detailed design stages or to assess the adequacy of an existing system.
Design Stage: Task analysis provides information which can be used directly in the
design process. This information can also provide the basis of many other techniques,
such as communications analysis, workload analysis, training needs analysis and human
reliability assessment. For reasons of economy of effort, where possible, one task analysis
method should be used to serve all of these needs. Although it is not relevant to complete
detailed task analysis during the conceptual design stage, task analysis should be
undertaken as early as possible after that to ensure that human factors input is provided to
the design process and to provide a sound and consistent basis for the other human factors
analyses. Task analysis requires a high degree of interaction between operations staff,
system designers and human factors specialists. This is to ensure that task analysis
accurately represents how the operators will carry out the tasks.
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Advantages and Disadvantages: The author directs the user to "A Guide to Task
Analysis" (ref. 3) which discusses when to use certain techniques, the advantages and
disadvantages of their use, resource requirements, and demonstrates the use of the
techniques through case studies of specific project scenarios. There is an interesting
section by Drury et al within Salvendy (ref. 2) which discusses the history of task analysis
and the development of different methods for different purposes (such as equipment design
and assessment of musculo skeletal demands), and provides some useful examples of these
methods. The examples are taken from process industries and can easily be adapted to the
nuclear industry. This text also addresses the use of task analysis methods at different
stages of system design.
Moray, Senders and Rhodes (ref. 5) also discuss the history and the different uses of task
analysis. This document addresses some of the considerations relevant to the selection of
an appropriate task analysis technique, such as the level of analysis required, the personnel
demands, the choice of tasks to be analyzed and the suitability of the data fonn for the
purpose of task analysis. Some of the difficulties and practical concerns in the use of task
analysis techniques (e.g. cost effectiveness) are addressed and again some useful practical
examples are provided for the user.

5.2.1 Cognitive Task Analysis
Technique Description: Cognitive Task Analysis (CTA) is a specific type of task
analysis which has been developed to examine the cognitive processes of operators, rather
than their physical actions, and there are a number of differences between CTA and
traditional task analysis techniques. Task analysis describes observable activities whereas
CTA describes non-observable thought processes. Task analysis describes the
organization of tasks according to system goals, and CTA describes task organization in
terms of understanding, decision-making and planning activities. In addition, CTA groups
together tasks which involve similar types of thinking.
CTA can be considered to consist of three stages: collecting data; representing the data; and
analysing the findings. Data is collected about actions and decisions taken by operators,
immediate goals, information received, communicated and recalled, and parallel activities
by other team members. Information can be collected by the use of observation techniques,
structured interviews, questionnaires and so forth. A variety of formats can be used to
represent this information. Bainbridge (ref. 1) suggests producing a flow chart of
activities, using symbols to distinguish between actions and thought processes and then
analyze the information obtained.
Inputs: Bainbridge suggests the categorization of information for ease of analysis. It is
proposed that the main types of cognitive activity are identified, such as diagnosis of
current status, predicting future events, evaluating the effects of certain actions and
choosing action plans. Elements to be retained in working memory are then identified, e.g.
available actions and their effects, present state of the process and expected changes in
demands. The identification of knowledge bases, such as typical event sequences and
knowledge of cause and effect relationships, takes place, followed by the identification of
the cognitive skill types which are represented within the analysis, for example problem
solving skills and unconscious perceptual motor skills.
Outputs: CTA can be used to design interfaces which support cognitive activities and to
ensure that the likelihood of cognitive errors is reduced. It can also be used to provide the
basis for training program development and to address manning issues. Finally, CTA can
also be used specifically for human-computer interaction (HCI) studies.

C28
CTA is a useful and thorough way of examining human behaviour within defined tasks.
Roth and Woods (rcf. 6) consider that CTA provides two models of human behaviour
which can be used in system design: the competence model which represents ideal human
performance; and the performance model which represents the knowledge and strategies
that categorize both good and poor performance. This document discusses the context of
CTA within system design and some of the difficulties associated with it use. It also
addresses hints and difficulties associated with obtaining and analysing data.
Design Stage: This type of technique can be used at any design stage, but it is
appropriate for the user to consider the design stage in relation to the demands of the
specific ways of collecting, representing and analyzing the data, rather than in relation to
CTA as a whole.
Advantages and Disadvantages: CTA provides valuable information for the
incoiporation of human performance issues into the design process, but it should be borne
in mind that the analysis stage of the technique will require more attention than other
techniques. This technique requires analytical skills and understanding of the mental
processes of human operators in their working environment. The success of this technique
will also be dependent upon the interaction of the analyst with operations experience to
ensure that appropriate thought processes have been identified.

5.2.2 Table-Top Analysis
Technique Description: Table-Top analysis is the name given to a technique which
consists of a group of experts meeting to discuss a specific aspect of design or a specific
problem within the design process. An example of a table-lop analysis is hazard and
operability analysis (HAZOPS), where elements of a system are examined for potential
failures and their impact upon the system. The human factors input to this process is to
provide information about potential operator error, the consequences, and provide solutions
to any deficiencies. In this example it is clear that the detailed design stage is the most
appropriate point at which to carry out the analysis, as it will be based upon system design
details and possibly operating procedures, and will serve as a verification of the design.
See reference 2 for an account of HAZOPS.
Input: The input consists of expert opinion where table-top discussion groups are made
up of experts in the field which is being addressed, or in areas which will be impacted
upon. The analyst must ensure that the relevant personnel are present but that the group
size is not too large to be effective. Reference 2 suggests that between 3 and 7 members is
ideal. In order for this technique to achieve its objective it is important that the purpose of
the discussion is clearly identified and adhered to, and that the scope of the discussion is
defined. It is useful to plan a structured approach for the elicitation of information or views
and a proposed method of recording the information, as in the HAZOP technique.
Group dynamics and individual personalities will impact upon the process in that they may
introduce bias in favour of the most confident member/s of the group. It must be ensured
that a balanced response to the problem is adopted. This factor will largely be a product of
the capabilities of the chairman, but there are methods which can be adopted to try to
eliminate bias. Two suggestions proposed in the "Guide to Task Analysis" (ref. 3) are the
Delphi method and the Nominal Group Technique (NGT) often used in decision making
processes in the area of management. They both require the elicitation of opinions
anonymously prior to the meeting, the sharing of feedback from each other's decisions and
then the aggregation of the assessments. This however assumes an equal level of
experience of all the participants if an equal emphasis is to be placed on all judgments.
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Design Stage: The technique can be used at any design stage depending upon the
purpose of the analysis, but it is most likely to be selected for the detailed design stage to
supplement design information.
Advantages and Disadvantages: The resources required to carry out this technique
are a meeting room with auditory and visual recording materials and the time of the experts
involved. A table-top analysis can be a quick way of resolving issues and problems in the
design process, as it eliminates the time-consuming way of documenting different peoples
comments, subsequent objections to or issues relating to these comments, and attempts to
resolve the problem on paper. Table-top analysis can feed into other task analysis
techniques to provide a greater level of detail about an activity, it can provide an input into
human error analysis and it can be used as a design or performance verification tool.
The advantages of using this technique is that it allows different points of view to be
considered together, so that any conflicts can be detected immediately. It is also an
economical way of eliciting information. The cautions to be aware of however are those of
using a group which is too large to be effective, allowing the introduction of bias, and side
tracking from the important aspects of the issue.
5.2.3 Walk/Talk Through
Technique Description: Walk/Talk Through analysis (W/TT) requires personnel to
walk around the work environment to describe his or her movements within a task, and/or
to talk through the task indicating the actions which have to be completed in their particular
sequence. There are a number of different uses for this technique. It can be used to verify
workplace or panel layout, in which case a walk through of the existing work environment
or the use of full scale mock-ups is most useful. It may be used in the design or
verification of procedures, in which case a talk through would be appropriate and it does
not necessarily have to be within the actual workplace but may refer to drawings. Real time
walk throughs may be used in a situation where die analyst wishes to examine workload or
job design issues, but a more detailed walk or talk through, with interruptions for
questions, may be more applicable to elaborate upon task information and for use in
procedures design.
Design Stage: This technique can be carried out at most design stages but it would not
be suitable to perform such analysis at the very early design stages, due to the lack of
information upon which to base the discussions or walk throughs. A talk through could be
used for design as well as assessment purposes, as a talk through of how a task may be
carried out might serve to identify equipment requirements and training needs. A walk
through is more likely to be used to verify design and procedures due to the requirement for
the system to exist. A simulator could be used in the latter situation however, or the study
could be based upon an existing system which is similar to the one being designed.
Practical Considerations: There are some practical considerations to bear in mind
when carrying out a walk or a talk through. The analyst must prepare the subject/s in
advance so that they are clear about what is required. It is essential that the analyst defines
the purpose of the study and considers the most appropriate way of conducting the study,
and prepares the method for recording the data. The analyst may wish to use audio or
video recording equipment, but there is the possibility that this may not be comfortable for
the subjects and may lead to non normal behaviour. The resources available for the analyst
to use will have an impact upon the method for recording data. Recording the data by hand
may prove the most acceptable method except when real time data is required. This
situation may necessitate two runs through; the first to obtain the qualitative data; and the
second to attach the quantitative data.
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Inputs and Outputs: W/TTs can be used to collect data for a number of task
representation techniques such as OSDs or tabular task analysis (see sections 5.1.5 and
5.2.5), it can be fed into human reliability techniques through the use of fault or event
trees, and it can also be used as effective training media. Real time W/TTs can be used in
workload analyses. It should be considered that different operators will take different
amounts of time to complete the same task and so more than one W/TT may need to be
conducted.
Advantages and Disadvantages: The advantage of using such a technique is that it is
an actual representation of tasks in the manner in which they are carried out (very useful in
procedures identification and verification). In addition, the technique can be used to
simulate abnormal scenarios without creating the situation, for the purposes of identifying
training and procedural requirements, for example. The analyst may pause the proceedings
at any time to ask questions without modifying the scenario, providing that this does not
create confusion for the operator. The technique is easy to learn and can be set up and
executed fairly quickly, without any specialist training. The analyst may find however that
data analysis is time consuming. Ancther disadvantage is that an experienced operator is
required, unless the purpose of the analysis is to examine the system from a naive user's
viewpoint. The analyst also needs to have some knowledge of the system which is being
examined in order for the information collected to be meaningful (see reference 3).
5.2.4 Tabular Task Analysis
Technique Description: Tabular Task Analysis (TTA) is basically a method of
representing task information, and it is usually displayed in a tabular form, as it makes it
easier for the analyst to collect and record the information. It is a relatively simple method
which has been used within human factors analyses in the UK, the U.S. and the Canadian
nuclear industry. The technique requires some form of task identification before it can be
undertaken and so TTA is usually accompanied by an HTA or task descriptions. The HTA
or TD/I will ideally identify the activities to be completed at a task level and then the TTA
will explore a greater level of detail.
The analyst will then establish the information which is to be collected for the TTA. A
suggested format exists, which can be modified and expanded according to the purpose of
the analysis. The headings at the top of the table will include the overall task as a heading
and then a brief statement of each of the task steps which make up the overall task will be
placed in the left hand column of the table. The other headings indicating the information to
be collated may include initiating cues (the prompt indicating to the operator that a particular
task step should be carried out), the information the operator is required to know in order to
complete the action (e.g. location of valve control), the action itself, and the feedback
which will inform the operator of the success or otherwise of his or her action.
The analyst may add to this according to the purpose of the analysis. For example, if the
TTA was carried out to identify training needs, the analyst would wish to add columns
relating to the identification of the skills, knowledge and capabilities required to carry out
each task step. If the analyst wishes to examine the suitability of the interface, or assess its
robustness against operator error, the addition of potential errors, possible causes and thenconsequences would be appropriate. Communications analysis would demand the use of
additional columns which detail the required communication, between whom and where the
communication would take place, how the communication would take place and any design
or environmental features which may cause performance decrements. "A Guide to Task
Analysis " (ref. 3) calls this technique a decomposition method, and it lists some of the
descriptive decomposition categories which have been used in various studies in the past.
This text also provides some examples to illustrate the use of TTA.
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Design Stage: TTA can be used for both design and assessment purposes and is
appropriate for all design stages except for the conceptual stage, when there is usually not
enough design information available to undertake this type of analysis.
Inputs and Outputs: It is demonstrated therefore that TTA can be used for interface
design, training needs analysis, and communications analysis. It also provides a useful
basis for writing operating instructions, to ensure that they include all the necessary
information for the operators' needs. As TTA is a data representation technique, it requires
the use of other task analysis techniques to collect ïhe data and so it takes its input from
techniques such as HTA, observation techniques, walk/talk throughs and other information
gathering techniques. The resulting information is used in the aforementioned analyses,
but it can also form the basis of workload assessment and human reliability analysis
techniques.
Advantages and Disadvantages: The completion of a TTA can be a lengthy process
due to the amount of detail which it includes, but will be more cost effective if the analyst
plans to use the same information for a number of analyses, such as interface design,
training needs analysis and procedures development. The technique requires a high degree
of interaction between the analyst, system designers and the operations personnel.
Operations experience is paramount in the development of procedures to ensure that the
analysis reflects how the operators do or would actually carry out the task, as it sometimes
differs from how the designers believe it will be carried out.
The advantages of using TTA are that it is a structured approach to ensure that the desired
information for each task step is elicited, and the format is relatively easy to follow. In
addition it provides the basis for a number of other techniques, and can be considered cost
effective for this reason. TTA s should adopt the numbering system of the HTA or other
higher level technique upon which it was based, so that its origins are traceable. This will
make the technique easily modifiable in the light of design changes or additions to the
system in the future. The disadvantages are however that it is a time consuming process
and requires analytical skills to transfer the information from the TTA into design, training
or other system requirements. In addition, it is sometimes difficult for the analyst to decide
upon the level of detail to progress to in the identification of the subtasks.
References
1. Bainbridge, L. (1989) Cognitive Task Analysis for Process Operations: A Model of
Cognitive Processes, and its Implications. U. of Twente Ergonomics Workshop.
Enschede.
2. Drury, C.G., Paramore, B., Van Cott, H.P., Grey, S.M., and Corlett, E.N. (1987)
Task Analysis. In G. Salvendy (ed) Handbook of Human Factors. New York; Wiley.
3. Kirwan, B.K. and Ainsworth, L. K. (1992) A Guide to Task Analysis. Taylor and
Francis.
4. Meister, K. (1985) Behavioural Analysis and Measurement Methods. New York:
Wiley.
5. Moray, N.P., Senders, J.W. and Rhodes, W. (1985) Task Analysis Methods
Applicable for Control Room Design Review (CDR'). Prepared for Atomic Energy Control
Board, Project No. 84.1.25, June 6, 1985 (INFO 0242).

C32
6. Roth, E.M. and Woods, D.D. (1989) Cognitive Task Analysis: An Approach to
Knowledge Acquisition for Intelligent System Design. In G. Guida and C. Tasso (eds )
Topics in Expert System Design. New York: Elsevier.
5.3 Time Line Analysis
Time Line Analysis (TLA) examines temporal information relating to tasks and is
constrained to a particular time frame, such as shift length. Generally the tasks to be
examined are listed on the vertical axis, with time represented on the horizontal axis. The
purpose of completing a time Une is to ensure that there are no incompatibilities relating to
time in a specific set of circumstances (see ref. 3).
TLA may be used to assess manning requirements in an operational situation. A time Une
displaying all the tasks to be carried out in a control room, for example, could be completed
to allow the analyst to divide the workload and calculate the number of required operators
for staffing purposes. TLA can also be used in an assessment situation, to represent
separately the activities of each member of personnel, to demonstrate the peaks and troughs
of workload, and thereby make decisions about the addition of extra personnel or the
reallocation of tasks between workers. In addition, TLA can be used to assess certain job
design aspects. The time line may form the basis of decisions about automating parts of the
process to reduce workload, reallocating tasks throughout the shift as well as the addition
of personnel and the reallocation of work between workers.
It can be demonstrated then, that TLA has an input to workload analysis, but the user
should consider the fact that this information only relates to the time taken to complete
various tasks and does not examine complexity or cognitive activity. TLA does provide a
useful role in job design and can be used as a verification for automation decisions,
although once more the user should consider cognitive activities in addition to time when
making allocation of function decisions. The inputs to such techniques will be task Ustings
and descriptions and so will be taken from other techniques such as FFDs, HTAs and
TD/Is.
TLA can be used at any design stage apart from conceptual design where there is not likely
to be sufficient information available to carry out this type of analysis. It is most useful
during the detailed design stage, as a verification tool, when system design details and
operational information are available. It is not a sufficiently powerful tool on which to base
original allocation of function decisions. The disadvantage of this method is that it is
hmited to time related information, but on the other hand, it is easy and cost effective to
prepare and can be useful as long as the analyst is aware of its Umitations.
The following sections examine two variations of TLA which may be of interest to the user
of the guide.
5.3.1 Time-Line Charts
Technique Description: Time line charts are created when an analyst adds time
information to a flow charting technique such as OSDs or traditional engineering flow
charts. This allows the analyst to examine interactions between personnel and equipment,
and between different groups of personnel, on a time-related basis to ensure that it is
possible for all desired interactions to take place. It is useful to use this type of technique
when comparing the workload of different operators at any one time, and assists in the
reallocation of tasks between workers. Time is usually represented on the vertical axis with
the flow chart progressing from the top to the bottom of the page.

C33
Design Stage: Essentially, this technique bears the same characteristics as general TLA
in that it is basically employed at the detailed design stage when design features and
interactions have been identified and can be represented in a flow chart format (see ref. 1).
Input: This technique obviously requires an extra dimension of input in addition to the
flow charting methods as the analyst is required to obtain the times it takes operators to
complete task elements. This information can be obtained from observation of the activities
if the system already exists, or estimates from operators if a similar system exists.
Advantages and Disadvantages: The time information is a relatively simple addition
to the flow charting techniques, providing that the charts do not loop back upon themselves
or repeat sections to show repetition of tasks or parts of tasks. The latter situation would
result in a complicated chart which would be difficult to construct.
Time-line charts are discussed briefly in references 2 and 4.
5.3.2 Gantt Charts
Technique Description: Gantt charts have been included in this section as they are a
member of the set of time-line methods but can be useful for a different purpose. They are
predominantly used for project planning but can be used for production planning within
process industries. The activities and tasks under consideration are displayed on the
vertical axis and time on the horizontal axis. Bar chart representations are then plotted on
the diagram to demonstrate planned work and underneath the planned work, actual
achievements can be plotted. Different symbols or colour codes can be used to represent
any failures or malfunctions within the actual performance condition.
Design Stage: This technique can be used during the project planning stages and the
operational phases of a system. The Gantt charts can be used to display process type
activities within the nuclear industry, such as fuel fabrication, waste treatment, and
radioisotope production to assess adherence to targets, but as such indicates that this
technique is more useful for assessment and design verification rather than for initial design
purposes.
Inputs: The input is information about task sequencing and timing and so may use data
from observation techniques, FFDs, OSDs and other task identification techniques. Gantt
charts yield data which is useful for scheduling and job organization activities.
Advantages and Disadvantages: This technique is a very simple data representation
tool and is a suitable graphic display for project planning and monitoring, but its use in
complex systems is limited and it does not describe interactions between different
functions. A description of Gantt charts is given and an example displayed in Salvendy
(ref 4).
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5.4 Link and Network Analysis
Description: This method will be referred to as simply Link Analysis (L/A) from this
point onwards. L/A is a representation technique which demonstrates certain links within
the system in a diagrammatic form. It can be used to demonstrate communications between
people, and between people and equipment or instrumentation. It can be used as an aid to
workplace layout and/or panel layout, and it can be used to reduce the potential for operator
error and minimize operator movements and information flow distances, to make the
process more efficient. References 1 and 3 gives a general overview of link analysis.
L/A consists of the construction of a drawing or diagram to represent the working
environment in which the specific task or activity will or does take place. The links are
then drawn upon the diagram to demonstrate the location and frequency of the links. The
analyst may choose to represent only one type of link on one diagram, for example links
between the operator and the instrumentation in a particular task, or s/he may wish to
represent more than one type of link (for example, by adding communication links) and
distinguish between them using colour and/or a different type of line.
Input: As this is a data representation method, other techniques will be required for data
collection. Appropriate techniques for data input would be observation techniques,
walk/talk throughs and so forth. The analyst should consider the fact that operators may
perform the task differently to each other and so a representative sample of operators
should be used as subjects, including those with extensive experience and those who are
less experienced. This method will also require some interpretation of the data obtained to
translate it into meaningful recommendations.
Design Stage: The method would be most useful in the detailed design stage, when
information is available about equipment design and procedures, but before construction,
when it would become costly to make modifications.
Advantages and Disadvantages: One advantage of this method is that it does not
require the subject to actually perform the task; it can be completed using a drawing or a
mock-up of the equipment layout. The method is objective as it represents observable and
measurable data, and it does not require any special resources other than the analyst's time.
It is a straightforward technique which requires little specialist training. There are a number
of cautions associated with the use of this method however. There may be certain tasks
which can be completed in a variety of ways and so the data from each subject may differ.
L/A only represents physical links and so there are other essential components of human
performance which remain unexamined, such as sensory modality and conceptual
compatibility.
L/A shows the frequency with which the links are made but does not address the time
available for making them or the importance of the link, which may impact upon layout
decisions. Finally, the method is only suitable for simple systems since for larger systems
the diagrams would become too cluttered to be useful. "A Guide to Task Analysis" (ref.
2) provides an account the advantages and disadvantages associated with its use. There are
two variations of L/A presented in the following subsections.
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5.4.1 Correlation Matrix
Technique Description: The correlation matrix can be considered to be an addition to
link analysis as it is described above, rather than a separate technique. It is a way of
analyzing the data which is displayed on a link diagram or drawing. It provides a summary
of the frequency of communications or equipment links to the operator, with the aim of
locating elements of the workplace in such a position that the paths between the most
frequently linked items are as short as possible.
Inputs and Outputs: All man/machine components are listed in the left hand vertical
column, as well as along the horizontal axis. The number of interactions between each
system component are then noted in the corresponding matrix square. Distinctions can be
made between direct verbal communication, indirect communication (e.g. using the
telephone) and person-to-equipment interactions by the use of colour or the addition of
appropriate letters in the boxes, in addition to the numbers. It may also be possible to add
information about the importance of the link, but the analyst needs to develop a method of
rating the importance and combining it with frequency as a basis for location decisions.
Advantages and Disadvantages: The correlation technique is a useful addition to
basic link analysis. It is a simple method to use and so can be considered cost effective. It
does however require some interpretation of the data into recommendation or design
requirements. This technique can be used to provide input to a communications analysis,
but the analyst should be aware that it does not address the timing of communications, nor
does it identify the points in the procedure where communication is required, which is a
necessary input to the development of operating instructions.
5.4.2 Network Diagrams
Technique Description: Network diagrams demonstrate links between elements of the
system, as do other techniques within the link analysis set. Each of the system components
are displayed as nodes which are usually represented by circles on the diagram. The nodes
can be specific locations, pieces of equipment, personnel or equipment status. If more than
one of these constitutes a node then some form of coding should be used to distinguish
between them. The lines linking these nodes are often referred to as arcs. These arcs may
represent distance between items, time required for the link to take place or for the system
status (node) to move to another status (node), frequency or importance. In addition, this
technique can represent direction of activities. Again if more than one type of link is
employed, a method of coding should be used to distinguish between them.
Design Stage: As for other types of link analysis, this technique can be used for
workplace layout and panel layout, and communications analysis so as to identify
communications links and ensure that they are implemented in the most effective manner.
This technique can be used in the early and detailed design stages.
Advantages and Disadvantages: The advantage of this technique is its versatility. It
is a relatively simple technique, which requires very little training to learn, but it does
require some interpretation of the data and can be complex if the system to be examined is
large or if more than one type of node and/or link is represented on the same diagram.
Salvendy (ref 4) gives a brief account of this technique.
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5.5 Human Performance Modelling
Human performance (HP) models are representations of the sequence and elements of
thought processes which are used to undertake the cognitive activity involved in carrying
out a task. HP models are based upon scientific and experimental knowledge and theories
of the workings of the brain in a task situation. Models are used within human factors to
assist the analyst in the understanding of the thought processes involved in a task situation
so that they may be able to identify potential problem areas such as error and stress
inducing situations, with the aim of designing against them.
Human performance modelling can be considered a method of representing and analyzing
human performance information. Data collection techniques will be required to provide
input to HP modelling. This input will consist of information about the required actions
and thought process involved in task execution and so can originate from task descriptions
and task identification techniques. HP modelling provides a useful input to cognitive task
analysis and workload assessment techniques and may assist in allocation of function
activities. This method requires analytical skills to match the task elements to the
appropriate parts of the model, identify possible problem areas and determine effective
design solutions.
5.5.1 Information Processing Model
This is a commonly used model as it represents the thought process from detection of
stimuli to the execution of a response, and so is relevant for control and monitoring
situations. The model assumes that each stage of processing is characterized by some
transformation of the data and demands time to complete.
Detection of stimuli may be in a visual, auditory, proprioceptive or kinesthetic form and
any limitations of these systems will affect the quality and quantity of information being
registered. The model shows information passing into the short term memory store, which
permits temporary storage of the information. It Uzz three main properties; it requires no
conscious attention; it preserves physical details of stimuli; and the memory decays rapidly.
The information received is then coded or categorized, which uses higher centres of the
nervous system. This part of the process can be called perception or recognition and may
involve the mapping of a number of different stimuli onto one perceptual category. There
are different levels of complexity of perception; for example, simple detection of whether
or not a signal exists is less complex than identification or categorization, where
pattern recognition occurs, associating a set of stimuli with previous experience.
Decision-making is a critical junction in the process whereby the subject decides whether or
not to commit the information to memory or select a response. The information can be
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transferred to the working or short term memory and be forgotten or transferred to long
term memory. If a response is to be initiated it must be selected and then executed. The
feedback may be visual, auditory, proprioceptive or tactile, and the subject learns what to
expect if the experience is repeated. Attention is a necessary component in this process.
Some activities require more than others according to their complexity, and learning and
practice can decrease the amount of attention required. The model of information
processing is presented in figure 5.
Wickens (ref. 2) provides a discussion of this model and then gives more detailed insight
into each of the elements which make up the process in subsequent chapters of the text.

5.5.2 Control-Theoretic Models
Control-theoretic (CT) models are members of a group of mathematical models which
represent operator performance within a system. This type of model can be developed for
the following reasons: because the performance characteristics to be observed are complex
and difficult to measure in the real environment; the systems have not yet been developed; it
is expensive and/or hazardous to observe the effects of the necessary conditions; the
already developed system is not readily accessible; and the model has the ability to focus
only on those conditions which the analyst wishes to observe (this can make the conditions
unrealistic however). It can be demonstrated that the use of mathematical models is a type
of simulation.
Mathematical models can be used to assess the adequacy of manning provisions, identify
parts of the task which may be error prone, estimate operator workload, identify the effects
of reallocation of tasks, and estimate the extent to which the system will be degraded if the
operators are fatigued or stressed. The outputs of the models include temporal information
and performance data, relating to the variable selected.
CT models are not widely used, but were intended to represent manual activities. They
have an explicit but limited concept of human performance which does not permit the
identification of all potential errors. Feedback compares the actual system response with
the desired response. This type of model is more quantitative than others and has been
carefully validated. It is however difficult to model total job performance, due to its lack of
ability to deal with discrete operator inputs, monitoring, decision-making, or procedural
aspects of tasks. There is little documentation available describing this model.

5.5.3 Task-Network Models
Task-network (TN) models are also mathematical models, and represent operational
activities as nodes. The user is required to identify all the conditions associated with these
nodes, such as time or specific circumstances. The user must also input probabilities of
successful completion and the probability that one node will progress to another. The
system then models performance of the task in relation to human performance criteria.
There are a number of limitations associated with the use of this model. The model is not
good at representing tasks where diagnosis, goal selection and other cognitive tasks are
involved and can only simulate reasonably well understood scenarios. Human
performance sub models used within the model are often unverifiable in the specific context
being modelled (see reference 1).
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Figure 5: A Model of Human Information Processing
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5.6 Workload Analysis
Workload analysis can be used within the design process to ensure that the level of
automation is appropriate for the demands of the system and the capabilities of the
operators. The aim is to create a workload which ensures that the operator remains
motivated and capable of taking over control of the system if it becomes necessary, but
does not encourage inattention due to monotony, nor stress due to overwork. This method
may be used during the detailed design stage to examine the feasibility of a proposed
scenario or it may be used during the later design stages to verify design decisions. In
addition, workload analysis may be used within assessment projects, where problem areas
have been identified, such as certain activities or times within the shift which are prone to
error, or to assess the impact of adding new tasks.
Inputs and Outputs: Workload analysis is considered separately to time line analysis as
it examines more than just the time available to complete job activities and also addresses
cognitive demands upon the operator. Input to this method will first of all consist of the
identification of tasks which are appropriate for examination, and so may originate from
FFDs, HTAs and other task identification and description methods. The analyst may wish
to utilize the results of a detailed task analysis such as TTA to categorize tasks prior to
workload analysis completion, such as tasks which are physical as apposed to cognitive.
The TTA and CTA techniques will assist in the identification of the cognitive processes
which will be utilized in carrying out the tasks. Time-line analysis will also provide
information about the scheduling of activities, which will assist in the re-creation of task
scenarios for workload examination.
The output from this method will provide an input to design decisions relating to
automation, but will also assist in job design decisions such as the reallocation of tasks
between workers and throughout the shift. Cognitive workload may be high due to the
increased demands of carrying out more than one cognitive activity at any one time. The
solution may be to provide the operator with assistance either from a machine or from other
personnel, appropriate to the specific situation.
Physiological and Objective Methods: The techniques used to complete this
method can be categorized into physiological methods, which examine the physical reaction
of a person to variations in workload, objective measures which consist of the
measurement of task performance parameters, and subjective measurements which require
operators input to obtain opinion on the level of workload to which they are exposed. Each
of these types of technique are discussed in the following subsections. The differences in
methodology, resources and validity are highlighted.
Criteria for Technique Selection: Each of the techniques has its own merits but as a
guide the analyst should consider the following aspects when selecting a technique:
- diagnosticity; the ability to detect not just variations in workload but the reason for the
variation e.g. which of the capacity's demands are too high.
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- sensitivity; to changes in task difficulty or resource demands
- selectivity; to changes in capacity demand and not other performance shaping factors such
as emotional stress
- intrusiveness; which will affect performance
- reliability

5.6.1 Physiological Methods
As mentioned above, physiological measures of workload infer changes in workload
through the changes or levels of variation of certain physical attributes which are measured
within a particular scenario. The content of this subsection will discuss some examples of
physiological measures which have been used and discuss their usefulness.
Nervous System: It is possible to measure the evoked brain potential (EP) measured
from a person's scalp. Increases in workload show a decrease in the p300 amplitude,
which is a component of the brain wave form, but although it reflects cognitive load, it is
insensitive to variations in response load. It provides a graded measure of cognitive
activity, but does not require overt responses on the part of the subject, so it is likely to be a
less intrusive measure than some. Other measures of the nervous system are
electroencephalographs (EEGs) and measures of muscle tension and electromyography.
EEGs are not a useful measure as they are subject to a high degree of individual differences
so it difficult to distinguish workload effects. The same disadvantages are associated with
the measurement of the galvanic skin response (GSR), which consists of the measurement
of skin resistance using two electrodes. The measurement of electrical activity in the
muscles is too difficult to interpret but can be used effectively to demonstrate anxiety and
fatigue.
Pupil Dilation: Pupil diameter correlates closely with resource demands in a large
number of cognitive activities such as mental arithmetic, short term memory, and problemsolving. There are a number of disadvantages associated with the use of this measure. It
does not diagnose at what point acceptable workload is exceeded, and the activity of
measuring this parameter is intrusive, as it requires the use of a head constraint and very
precise measurements.
Heart Rate: Physiological measures associated with the heart and the blood have been
used to measure workload. Variability of heart rate is believed to decrease as workload
increases, but a consistent relationship has not been proven. When variability is associated
with the periodicities resulting from respiration, the measure is called sinus arrhythmia.
This measure is sensitive to workload changes but does not assist in the identification of the
cause of the increase. The measurement of heart rate has two advantages however. The
analyst can obtain continuous data for a period of time and it is not an intrusive measure.
The results of blood pressure measurements have been found to correlate well with
subjective estimates of pilot workload, but the use of blood flow and breathing rate
measurements, can be affected by stress.
Advantages and Disadvantages: The user of the guide can see that in the selection of
an appropriate physiological measure, trade-offs have to be made between usefulness of the
measure and intrusiveness, which will impact upon performance. These measures may
generally indicate changes in workload, but not indicate why, so a degree of interpretation
is required by the analyst. Another caution is that although changes in workload can be
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detected, it is not necessarily easy to determine an appropriate level of workload using this
method (see reference 1).
5.6.2 Objective Workload Assessments
Objective assessments describe such characteristics of tasks as increases in task difficulty,
the interval between stimuli, the number of information sources. The analyst may measure
such parameters as the number of correct responses to a particular stimulus and reaction
time. There are two different types of objective task measure which will be examined in
this guide: primary and secondary task measures. Primary task measures of workload are
those which are related to the one and only task under consideration. Secondary task
measures of workload involve the introduction of an additional task which will serve to
increase the demands upon the operator, and will therefore have an impact upon the
measures of performance associated with the primary task. Each of these scenarios is
examined in turn.
The analyst must be knowledgeable in the areas of experimental design and cognitive
processes to effectively make use of objective measures of workload. The analysis of
workload during the design process will require the use of simulation techniques, or the
use of an existing system. During an assessment project, performance within the actual
system can take place only if the analyst is sure that increases in workload will not create a
potentially hazardous situation (see reference 1).
Primary Task Measures of Workload: There are two short-comings associated with
the use of such measures. It is hard to cross-calibrate such diverse measures. For
example, it is hard to say how many additional choices of response would be needed to add
to the task to increase the workload by a precise amount. In addition, it cannot be assumed
that increases in task difficulty increase workload. As task difficulty increases the operator
may be expending more cognitive energy to complete the task and so no deficiencies may
be demonstrated.
The primary task workload margin (PTWM) can be determined using primary task
measures. This is the term given to the size of additional workload which could be
imposed upon an operator before the error rate or task performance becomes unacceptable
i.e. the maximum allowable deviation from acceptable performance. This involves the
determination of unacceptable performance and the modification of task conditions until
such a level is reached. This data may be used to design a system where the operator is
provided with assistance if the task situation has reached a particular workload level
(supervisory control). The information may also be used to develop effective problem
solving strategies for training purposes.
The impact of increased workload will be greater when the increase in demands share the
same channel (modality) as the task e.g. a signal detection task which involves central
processing, will be disrupted more by increases in encoding demands than by increases in
response complexity. For example, if an operator is required to monitor and detect
increases in flow, and be simply asked to record the time of the increase, the workload
would be increased more by the addition of a task requiring the detection of temperatures as
weli as flow, than by asking the operator to manipulate valves to reduce flow as well as
recording the time of the increase.
The performance of primary tasks does not seem to be affected by moderate or low
increases in workload. Primary task measures are most useful in the comparison of two
task situations rather than absolute workload measurements. In addition, the analyst must
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be aware of other factors which may be affecting task performance, such as fatigue or
motivation.
Secondary Task Measures of Workload: The use of secondary task measures can
be considered similar to the calculation of PTWIvl, except that the former examines the
impact in the increase of demands of the existing task, whereas the latter examines the
increase in workload created by the addition of another task. A number of secondary tasks
have been used for this purpose. Some of them are summarized in this subsection, but
further examples can be found in Wickens (ref 2).
A simple loading task technique can be used whereby the subject is asked to give priority to
one of the tasks and the analyst will examine the impact upon performance that the
secondary task has upon the performance of the priority task. The rhythmic tapping or
interval task requires that the subject taps on a surface at specified intervals while
performing another task, and the analyst measures the variability of the inter-tap interval.
This will demonstrate increases in workload but will give no indication of what is
acceptable. A probe reaction time task can be used, whereby an unpredicted stimulus is
presented to the subject and a rapid response if required. As primary task demands
increase, the slower the response to the stimulus. This is however a perceptual-motor task
and so would be sensitive to other activities within the perceptual-motor domain.
The Sternberg memory search task is another example of secondary task workload
measures. The subject is presented with a set of stimuli, followed by a single stimulus and
asked to state whether the single stimulus belonged to the initial stimuli set. The size of the
string of original stimuli is steadily increased and reaction time is plotted as a function of
memory load. In another case random numbers are generated by the subjects while
carrying out a different task. As the task demands increase, the randomness of the
numbers decreases. Time estimation may also give an indication of increases in workload.
Subjective passage of time varies according to how busy a person is.
The advantage of using a secondary task technique is that it has a high degree of validity,
whilst still being an objective measure of performance. It is more difficult to validate
primary task measures, due to the fact that the parameters being measured are also those
which form the increased demands. The disadvantage associated with the use of the
secondary task technique is that it examines the impact upon primary task performance of
an increase in a particular cognitive resource (the secondary task). There may therefore be
an underestimation of workload which may have been indicated by using a different
secondary task. Another disadvantage is the potential that the disruption caused by the
secondary task may create an undesirable situation and so can only really be examined
within a simulation of the real task.
The secondary task approach depends upon the validity of certain assumptions. The most
important of these assumptions is that human processing capacity is limited, resulting in
competition for cognitive resources among multiple tasks performed concurrently. Other
assumptions are that human processing capacity does not differentiate between different
types of processing, there are no specific task-related capacities and capacity does not
change with changes in processing demands. As the validity of these assumptions cannot
be demonstrated, there is some doubt as to the validity of secondary task measures.
5.6.3 Subjective Assessments of Workload
This can be considered one of the most acceptable measures of workload from the point of
view of designing a system for its user. Subjective assessments consist of the elicitation of
the user's views about the level of workload, and they are usually obtained by means of
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structured interviews and questionnaires, or asking the subjects to rank the workload of a
task or parts of a task. It may be useful to divide the task into parts in order to examine
whether some parts of the task have higher loads than others. It is advisable when
administering a rating task for the analyst to give the subjects some form of calibration
information i.e. to define and give examples of tasks which could be rated at either end of
the rating scale.
Examples of Different Techniques: Subjects can be asked to rate a task
unidimensionally or using a multi-dimensional rating scale, which can be combined to give
an overall task rating. Validity of the method is important, and the oldest and best validated
technique is the Cooper-Harper Scale but unfortunately it was designed for aircraft
handling and is tailored specifically for flight tasks. Sheridans Dimensional Scale requests
ratings associated with three dimensions: time available, mental effort and emotional stress.
In the use of this rating scale, operators seemed to be in general agreement about the
relative ratings of tasks, but it has not been demonstrated that the three dimensions are
independent. It is not easy to distinguish between emotional stress and mental workload.
Wickens (ref. 2) discusses some of the different scales which have been used in the past.
The analyst needs to possess communications skills which are useful for collecting the data
from subjects and they must be able to statistically combine the ratings to yield meaningful
results. An alternative to using a multidimensional scale is to ask operators to rate a
number of tasks on a unidimensional scale, and use multidimensional techniques to assess
how many of the dimensions affect the variability in subjective estimates of workload.
Advantages and Disadvantages: There are a number of both advantages and
disadvantages associated with the use of subjective measures. They are easy to use and
generally do not disrupt task performance, unless the analyst is continually stopping the
operator mid-task to request ratings. The main disadvantage is that it is not known how
representative the ratings are of real demands on processing resources. The operator may
not be aware of the extent to which either he or she is loaded, and s/he may confuse mental
workload with physical workload to some extent. In addition, a person's estimates may
change over time, due to such factors as emotional well being or increased experience and
practice. It is common to use subjective methods as to help validate the results of other
techniques. Further research is required to validate this technique.
5.6.4 Subjective Workload Assessment Technique (SWAT)
This belongs to the family of subjective rating techniques and was developed by Reid,
Shingledecker and Eggemeir (ref. 2). It is a multi-dimensional rating scale which
represents data relating to time, mental effort and stress. Each dimension consists of a
three point rating scale with descriptions at each of the points on the scale. The ratings
from each of the three dimensions are displayed on a 27 point matrix (representing each
possible combinations of the three ratings). Subjects are asked to rank order the cells and
the results are combined.
There is some concern that the three dimensions are nor orthogonal, so the validity of this
technique is in question.
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5.7 Physical Demands Analysis
Physical demands analysis is the identification and assessment of those factors which
require physical activities on the part of the workers, and the comparison of the demands
with the physical capabilities and limitations of the personnel. Those factors impacting
upon the physical well being of the workers may be factors relating to the working
environment, such as lighting, noise and the thermal environment (these are addressed in
section 5.8.2), those factors which are created by the task demands, such as lifting (which
are addressed in section 5.7.2), and the potential hazards posed by the task activities, such
as the existence of hazardous chemicals (addressed in section 5.7.1).
Physical demands analysis is typically carried out during the detailed design phases of a
project when the physical aspects of the environment and the tasks have been specified. It
is useful to be aware of the concerns during the design process itself, but it is valuable to
audit the design from a physical demands perspective. This method is also used to assess
an existing work situation to determine any inadequacies, or identify the causes of specific
complaints. In an assessment situation, the indications that such an analysis is required are
usually workplace injuries or complaints of pain and/or stress. It is an important element to
consider during the design process in order to prevent injuries or discomfort from arising.
5.7.1 Industrial Hygiene Assessment
Industrial hygiene aspects are those features of the workplace, which could cause personal
injury or illness, such as unsafe working conditions, the improper storage of chemicals,
lack of eye protection during welding tasks. This is traditionally an area which is
addressed by safety specialists, but contains elements of human factors and is worthy of
consideration.
Hazard Identification: The first stage in an assessment of this type is to perform a
hazard identification exercise. If this is performed during the design stages of a system,
attempts can be made to reduce the likelihood of the hazards using engineering means
where possible, but there may be some hazards which can only be controlled by work
practices and management and organizational mechanisms. The latter means of prevention
will need to be continuously audited for success.
If the hazard identification exercise is performed on an existing system, it is important to
bear in mind that there may still be engineering solutions to the problems identified, which
should be implemented where possible. Any methods of controlling the hazards should be
specified and an action plan devised and implemented to ensure that the actions are carried
out. A process of inspecting and auditing the workplace can then be constructed. This is
important to ensure that rules, regulations, policies and procedures are adhered to once they
have been set, and any additions or modifications to improve upon the situation can be
defined and integrated into the process.
Inspections and Audits: Inspections may be informal such as a walk around the plant
to survey the working conditions, or formal as in the form of an audit which requires the
completion of a checklist. The latter is usually more effective in the identification of
hazards and their remediation. It is essential therefore that the hazard identification leads to
the production of a structured format for data collection. Salvendy (ref. 1) provides a
discussion of inspections and other industrial safety issues, in his chapter on occupational
injury and control.
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Safety Management: In order for the inspections to have an impact upon the safety of
operations, it is necessary to define remedial actions, raise the issues at safety meetings,
assign the remedial actions and track their progress. It is often useful to involve all staff
members in rotation in the inspection of the workplace, to create a level of responsibility in
the safety of their own environment. This will require training to ensure that the staff have
knowledge of the areas to inspect and the issues to address, and are capable of
implementing the technique.
Advantages: One of the benefits of using inspection and auditing is that management is
able to demonstrate to the workforce that safety really is their top priority and that they are
serious about the enforcement of such policies. Inspections have been demonstrated to be
effective in the examination of consistent, fixed hazards, but less effective for monitoring
temporary hazards and work behaviours because the undesirable condition or behaviour
may only exist at times when there is no inspection. There is something to be said then, for
random inspections as well as regular audits.
5.7.2 Biomechanical Analysis of Work Postures
Biomechanics is the study of the movement of the human body. It uses laws of physics
and engineering concepts to describe the motion of parts of the body and the forces acting
upon those body parts, both at work and at rest. Since human factors can be defined as the
consideration of human capabilities and limitations in the design of the workplace, it is
important that the physical requirements of tasks are examined to ensure that they are not
placing undue stress and strain upon the human body. Although it is possible to analyze
the physical demands of a task, it is essential that the analyst bears in mind that the
capabilities of a person are dependent upon their size, age, level of fitness and other factors
which are specific to the individual.
Input: Task analysis provides a useful basis for the consideration of work postures. The
analyst should know something about the task objectives and sub-task sequence prior to the
activity, and then data may be collected using such techniques as observation,
questionnaires and interviews. A walk through of the task, if the system already exists,
will provide the analyst with valuable information. Some form of activity sampling may be
used to determine such issues as frequency and duration of the task demands. Data to be
collected will include the type of postures adopted, the forces exerted (e.g. the weight of an
object to be lifted), as well as the frequency and duration of the activities.
Aim of the Analysis: The aim of the analysis is to identify undesirable tasks,
circumstances or other factors which will cause injury or performance decrements. The
analyst may wish to divide the tasks into sections and examine the movements and postures
associated with each. A first step may be to identify the type of movement which is
employed in terms of whether it is a rotation of a joint, an extension of a joint or another
type of movement. There is a useful classification of movement types in "Human Factors
in Engineering and Design" (ref. 2) within the section on motor skills. This text also gives
the mean, 5th and 95th percentile movement capabilities of different movements relating to
different joints. The analyst may then wish to identify whether the movement is repetitive,
discrete, sequential, continuous or static.
Output: Once the data has been collected, the results must be compared to data which
exists relating to acceptable forces, postures and so forth. Reference 2 includes some
useful data such as recommended weight limits for occasional limits based upon 70% of
maximum isometric back strength and maximum weights for males and females performing
infrequent lifting and lowering tasks. NIOSH proposes a recommended action limit which
can be calculated using a formula, which takes into account horizontal location, vertical
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location, distance travelled and the frequency of the lift. This can also be found in
reference 2.
The output from this technique will be a list of poor postures, inadequate work procedures
or deficiencies in job design and this will be translated into remedial actions, which may be
categorized into the design of the task and the work environment, work practices, and
training and education to ensure that the workers are aware of potential hazards and how to
accommodate them. A useful topic for training is the correct methods of lifting, for
example.
Advantages: Although the prevention of workplace injury is a safety issue, it is also an
efficiency and productivity issue. The cost of workplace injuries is high, rehabilitation can
be lengthy and costly, and a lack of productivity may be the result of an over exerted
workforce. An industrial hygiene assessment therefore has a part to play in the safe and
effective operation of the system.
5.7.3 Physiological Measurement of Work Stress
Physiological measures of work stress are objective measures of the stress caused by work
activities and as such they measure the physical demands imposed upon the workers by
their tasks. These measures can only be taken in the actual work environment or in a high
fidelity simulation which can replicate the physical stress of the real situation. There is an
ethical issue here of whether it is better to estimate the physical stress or use the more
accurate measure which actually imposes stress upon the subjects. Five examples of
physiological measures are discussed here (see ref. 2):
Oxygen Uptake: Oxygen is used to metabolize food and release energy. The amount of
energy released depends upon the extent of metabolism and so energy consumption can be
estimated. It is however an intrusive technique as it consists of the subject wearing a
cumbersome piece of apparatus. It measures the volume of inspired air per unit time, and
samples of the air are taken to determine the percentage of air which is made up of oxygen.
The volume of oxygen per unit time can therefore be calculated.
Maximum Aerobic Power (MAP): An increase in work rate causes an increase in
oxygen uptake to a certain point and then it levels off. The point at which it levels off is the
MAP. After this stage, the activity changes from aerobic to anaerobic, which causes a
build up of lactic acid in the muscle tissue and a sharp rise in blood pressure. The higher a
person's MAP, the greater the efficiency of their cardiovascular system. A woman's MAP
is about 65 - 70% of that of a man. In both men and women it peaks at 18 - 21 years of
age and at age 65 it is approximately 70% of what it was at age 25. A bicycle or treadmill
can be used to measure the MAP.
Heart Rate: There is also a linear relationship between oxygen consumption and heart
rate. Heart rate is easier to measure however, as it simply requires the use of a small
recording device attached to the subject. One difficulty in the use of this measure is that the
linear relationship is different for different people; that is the more physically fit a person is,
the higher the oxygen consumption is for a given heart rate. It has been demonstrated that
heart rate is a better predictor of oxygen consumption with moderate to heavy work.
Another disadvantage with the use of this measure is that heart rate can be affected by other
factors such as mental stress, anxiety etc. Another measure which can be used is the heart
rate recovery curve.
Adrenal Gland Secretions: When the body is under physical and mental stress, the
adrenal glands secrete hormones called epinephrine and norepinephrine. The levels of
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these hormones can be measured in the blood and urine. It is however an intrusive
measure and it is not easy to determine whether the cause of changes is due to physical or
mental stress (as with heart rate).
Measures of Local Muscle Activity: The strain on individual muscles or muscle
groups can be measured by using electrodes to record the electrical activity of muscle
contraction. This is called electromyography (EMG). The resulting electrical signal can be
examined with respect to frequency and amplitude. The latter is usually expressed as a
percentage of maximum voluntary contraction of the muscle, measured prior to the study.
There is a high correlation between electrical activity and muscular force.
5.7.4 Subjective Measurement of Physical Workload
Subjective measurement of physical workload usually consists of the use of a rating scale.
The rating scale may use descriptions for the points on the scale which give the users some
assistance in the selection of an appropriate response. Some of the difficulties and types of
bias associated with the use of rating scales are discussed in section 8 of this guide which
discusses data collection. The Borg RPE (rating of perceived exertion) scale contains
ratings from 6 to 20, linearly related to the heart rate expected for that level of exertion.
This rating scale is intended for dynamic work. Its main disadvantage is that the results are
affected by the experience and the motivation level of the subjects e.g. a highly motivated
person is likely to underestimate the difficulty of the task. Again, such an assessment can
only be used to assess existing systems, high fidelity simulations, or systems similar to the
one undergoing design.
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5.8 Workplace Analysis
Workplace analysis or design refers to the arrangement of the working environment to
ensure the safe and efficient operation of the facility or system. The design of the
workplace incorporates the design and layout of equipment in relation to the bodily
dimensions of the target user population, the layout of information according to the task
requirements, and the creation of environmental conditions which optimize human
performance. These issues are usually addressed during the detailed design stages and are
verified during the construction and commissioning stages. The inputs to this process are
information about the detailed requirements of the task, which will originate from the task
analysis information about the physical requirements of the workers, and anthropométrie
data. The outputs will be design specifications which are compatible with the needs
identified in the analysis methods.
The following sub sections address the above-mentioned features of system design.
5.8.1 Workstation and Panel Design and Analysis
The design of the workstation will be created using anthropométrie data to ensure that the
operator can reach the controls, see the displays and have access to all the relevant areas
that are necessary for efficient operation of the system. Anthropometries is addressed in
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section 5.8.3. The workstation design must also take into account the demands of the task,
which will be identified by task analysis as mentioned above.
There are specific principles, rather than an actual method which should be used to design
the layout of the workplace and the displays and controls to meet operational demands.
There are four major principles which are used by human factors specialists to ensure that
the design is efficienL They are functional grouping, the sequence of use, the frequency of
use and the importance principle. Each of these will be explained in turn.
Functional Grouping: Functional grouping is the grouping of all display and control
items which refer to a particular function or task, to minimize the movement of the operator
within one task and to ensure that they have everything they need in one place. An example
of functional grouping would be the grouping of all instrumentation associated with system
start-up in one location. The sequence-of-use principle requires that if there is a logical
sequence of use of die equipment or instrumentation that this is represented in the layout.
Importance and Frequency of use: The importance principle requires that the most
important instrumentation are located closest to the operator. For example, in a control
room of a nuclear power station, the emergency shutdown button will be located
immediately in front of the desk operator and will be designed to be a prominent feature,
i.e. it will be large and red. The use of this principle demands the definition of the word
importance. It may be defined as importance from a safety point of view, as in the case
of the shutdown button, or in terms of the frequency of use. The frequency of use
principle requires that instrumentation which is used most frequently is located close to the
operator. There is a guideline which states that primary displays should be located within
the 30° below the operators' horizontal line of sight. In some cases it is not possible to
adhere to all four principles so trade-offs have to be made. In this case, safety is always
the top priority.
Guidelines: When the layout of the workstation and the control and instrumentation
panels have been completed, the analyst may use human factors guidelines to select the
specific type of control and display to be used and to specify the detailed design aspects
such as size, colour coding etc. Section 6.1 addresses the issue of the interpretation of task
information into detailed design specifications of the equipment and instrumentation. These
issues and principles apply to local field areas as well as control room areas, and are
relevant for both design and assessment of the workplace. Reference 4 contains some
useful theory and guidelines relating to workplace/workstation and panel layout.
Design Stage: The layout of the workplace may take place during the early design
stages of the system or facility, based on the identification of functions, but the layout of
the specific pieces of equipment and instrumentation is best addressed during the detailed
design stages, when detailed information about how tasks will be carried out becomes
available. The layout of the workplace and instrumentation can be verified during the later
design stages by the use of mock-ups (see section 7.1), walk/talk through exercises (see
section 5.2.3), and checklists. The checklists can be constructed from workplace layout
guidelines appropriate for the layout of the workplace and the layout of panels and control
desks. The use of checklists is addressed in section 7.5. The assessment of an existing
facility can be performed using these verification techniques. .
5.8.2 Environmental Analysis
There are no specific techniques associated with the analysis of the working environment,
but there is an approach which may assist the user in addressing environmental issues. In
the context of the working environment, issues such as lighting, the thermal environment
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and noise are addressed. During the detailed design stage it may be possible to specify the
appropriate environmental conditions for the work to be carried out in that particular area,
and ensure as far as possible that the design will allow for the creation of the specified
levels. However checks will need to be made during construction or commissioning to
verify that these conditions have been achieved.
Noise: In terms of noise levels there is a standard which should not be exceeded for
extended periods of time (95dBa) and a recommended level for areas where communication
is expected to take place (65dBa). It is essential therefore to identify potential sources of
noise and either remove them, move them to another location or provide some form of
acoustic guard to deaden the sound. It may be necessary to identify areas where ear
protection should be worn by the workers and the rule should be enforced for safety
reasons.
Lighting Levels: Human factors literature specifies certain lighting levels which are
suitable for certain types of task. For example, 250 lux is suitable in an environment where
the operator is using a computer screen, but for detailed inspection tasks, such as may
occur within maintenance activities, 750 lux may be appropriate. The analyst should
specify the suitable lighting levels for different work areas. Function and task analysis
techniques will provide a useful input to this identification process by defining the type of
tasks which will be carried out.
The Thermal Environment: The appropriate thermal environment depends upon the
level of activity which is carried out and the level of clothing which must be worn to carry
out that activity. For example, the most suitable temperature for a worker sitting at a desk
and performing sedentary tasks will be different to that for a worker carrying out manual
handling tasks and wearing protective clothing. There are tables to which the user can
refer, listing appropriate thermal environments according to such factors. Reference 4
discusses environmental aspects of the workplace.
It is essential that when these environmental features have been addressed during the
detailed design stage, the issues are added to the plan of checks and verifications to be
carried out during commissioning. Each of these issues are addressed in more detail in the
Design Integration Guide (ref. 16).
5.8.3 Anthropométrie Modelling
Anthropométrie data is the name given to the description of bodily dimensions. These data
describe length width, height etc. of parts of the body and the body as a whole, and is used
to ensure the accessibility and visibility of equipment and instrumentation, reach distances
and clearance spaces for both operational and maintenance tasks. The variability of data
can be described by a normal distribution curve which is symmetrical about the mean and
can be dissected at the 5%, 50% and the 95% mark. This represents the 5th, the 50th and
the 95th percentiles of the population. The 5th percentile data represents all but the smallest
5% of the population, and the 95th percentile data represents all but the largest 5% of the
population. If the designer is addressing access space then the 95th percentile data would
be used, but if the designer is addressing reach distances, the 5th percentile data would be
used.
There have been data collection exercises in this area. Salvendy (ref. 3) contains some
anthropométrie data taken from US military sources, which may be useful to the user.
Anthropométrie data can be applied to drawings, mock-ups and other system
representations, either by hand or computer system. The analyst must decide which data is
relevant and which percentile data should be selected. There are two computerized
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anthropométrie modelling techniques currently available which may be useful to a human
factors analyst.
COMBIMAN
Technique Description: COMBIMAN is being developed by the Air force Aerospace
Medical Research Laboratory, and is a computerized man model representing
biomechanical characteristics. It is a three dimensional mannequin which interacts with a
presentation of the work environment for the purposes of design and assessment.
COMBIMAN can be used to design or assess workplace layout and to examine other issues
such as visibility and reach envelopes.
Input: The user is required to define the representative dimensions of the target
population. The user may input a specific dimension of anthropometries such as arm
length, and the computer will create the mannequin according to proportionate dimensions,
or the user can select a percentile (such as the 95 %ile to design for maximum access) or
varying percentiles of the user population to ensure that the design caters to all options.
The user must then specify the design of the environment in terms of the size and location
of the panels and other equipment (one disadvantage may be that the dimensions specified
must be in inches). If certain design constraints are known beforehand then they can be
entered into the system, and if certain design details are unknown, the user has the option
to omit that information or withhold certain design characteristics without erasing the
information, to assess the impact.
Different input devices are available such as the light pen, in addition to the keyboard, and
the user has the capability to examine aspects of the workplace from different angles and
viewing distances. COMBIMAN can define a complex range of head and eye positions
with great accuracy, which enables it to produce visibility plots. The user is able to vary
certain parameters when examining visibility, such as the size of the operator, seat position,
head position and visual restrictions.
Design Stage: This technique would generally be most useful during the detailed design
and evaluation phases of the system. It is possible to use the program to try out different
design options and then to verify the final design using anthropométrie data.
Advantages and Disadvantages: The advantages of using this technique are that it is
an effective way of examining anthropometries, as opposed to using drawings which are
only two dimensional or mock-ur s which can be time consuming or costly to use. The use
of this technique removes the need for analysts to find subjects who represent the
variability in the target user population. COMBIMAN can be moved around and viewed
from any angle. No costly modifications are necessary as the modifications are made in a
computer environment until a final decision is made. It does not however address other
usability issues and so does not completely replace the use of mock-ups and simulators.
References 1 and 2 provide a discussion of the use of COMBIMAN.
SAMMIE
SAMMIE (System for Aiding Man-Machine Interaction Evaluation) is a technique similar in
design to COMBIMAN. Validation data for these computerized systems are still scarce.
They have been under development for a number of years and are still experimental.
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5.9 Human-Machine Interface Analysis
Human-Machine interface or Man-Machine interface (MMI) design or analysis is based
upon the identification of users needs and so requires input from functional and task
analysis techniques. The task analysis should identify what parameters need to be
displayed and controlled, and how the instrumentation or equipment will need to be used,
so that the analyst may then specify the detailed design features. This activity is performed
at the detailed design stage when the detailed task analysis has been completed. Human
factors guidelines and standards are usually applied to the task analysis information to reach
a recommended design. See section 6.1 for a discussion of the interpretation of equipment
and instrumentation requirements. The following sub sections discuss the use of two
techniques which evaluate alternative designs rather than specify the design itself.
5.9.1 Display Evaluative Index
Technique Description: The purpose of the Display Evaluative Index (DEI) is to
compare two or more interface design variations in terms of their capability to implement
successful information transfer and processing between the operator and the machine. It
removes the need to construct models or mock-ups, the aim is to develop a system design
which fulfills the following criteria to the greatest extent possible (see ref. 1):
- requires the least information processing on the part of the operator
- has the greatest directness between the displays and the controls
- has the least difference between the amount of information presented by an indicator and
that required for a control action
- provides for redundancy of information
- requires the least intermediate data processing before a control action can be performed
- has the least number of information sources
- imposes the least amount of time stress
- has the least number of transfers which cannot be completed within a prescribed time
- possesses the least number of critical transfers of information
- has displays and controls which are optimally encoded
Input: Each of the above aspects is represented by a factor which ranges from zero to
one, with one being the desired score. The analyst is required to construct a diagram in
which the displays and controls are listed vertically on a page and the links between them
are represented using symbology which indicates where intermediate data processing is
required, if information from two or more indicators is required to form a link with a
control, or if the control is actuated on the basis of one out of a number of indicators. The
links are then assessed numerically in relation to each of the above factors, by the use of an
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algebraic equation specific to each factor. The final score is a product of the scores for each
factor.
Design Stage: This technique is only really useful during «he detailed design stages
where design information is available and for a comparison of two or more interface
designs.
Advantages and Disadvantages: There is no merit in the individual score relating to
one particular interface. Validation studies have been undertaken and the technique was
found to be capable of differentiating even minor design variations. The DEI has not been
widely applied until now, possibly due to the complex nature of the judgments which need
to be made on the part of the analyst and perhaps the use of the equations which may
appear daunting. It is a fairly resource intensive technique and is not designed to evaluate a
single design, so cannot be substituted for the use of other techniques such as checklists.

5.9.2 Analytic Profile System
Technique Description: The Analytic Profile System (APS) is a paper-and-pen
evaluation technique, which is less complex to apply than the DEI. It is not a checklist but
does require qualitative information in order to complete the evaluation. APS was
developed on the basis of a multi dimensional scaling and factor analysis. Interfaces are
assessed on seven factors:
- stimulus numerocity, which is the volume of material displayed (the more material the
higher the score)
- primary coding, the general format of the entire display and its appropriateness for
conveying information
- contextual discrimination, which is the ease of differentiating relevant from irrelevant
information
- structure scanning, which represents the ease with which an observer would be able to
organize stimuli into a meaningful structure
- critical relationships, describing the ease with which the observer would be able to
prioritize the relationships described in the display
- cue integration, which is the ease with which an observer would be able to integrate cues
and pertinent information
- cognitive processing activity, which represents the extent to which the display facilitates
or inhibits decision making (see reference 1).
Input: The analyst is presented with a set of four statements at one time, two of which are
favourable statements and two of which are unfavourable statements, and the analyst is
asked to select which one most describes the particular display and which one is least
descriptive of the particular display. Each statement relates to a different factor and the
analyst completes thirty five such tasks. A stencil sheet or template overlaid on top of the
answers is used to score the evaluation. The APS has two types of scores; a qualitative
evaluation and a quantitative assessment of the analyst's opinion.
Advantages and Disadvantages: This technique has been demonstrated to have a
degree of validity and has a strong theoretical background. The analyst must have some
knowledge of human behaviour and display design to be able to make the judgments
required and effectively use this tool. The logic behind this technique may not be
immediately obvious to human factors specialists.
Design Stage: This technique is only likely to be used during the detailed design stages
when design information is available, and although the qualitative aspects of the technique
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make it suitable for single interface evaluation, it is more often used to make comparisons
between two or more interface designs.
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5.10 Human-Computer Interaction Analysis
The design of computer interfaces is not a rigid or static activity but is very much an
iterative process. It consists of the design of screen displays and the design of software
dialogue, but as the two aspects interact to provide the user interface, in practise the two
features can be considered together. The design of a computer system may adopt three
stages; the initial design stage; the formative evaluation stage and the summative evaluation
stage. The design process commences within an analysis of the activities which are
required to take place using the computer system and so input can be provided by function
and task analysis. These techniques will specify the inputs and outputs required from the
system, the sequence of the dialogue and the content structure for the interfaces in terms of
information, dialogue and software computations.
It is essential that user input is provided at an early stage and continuously throughout the
project to ensure that the system is compatible with the users needs. During the early
design stages this can be achieved through the use of interviews, questionnaires and
observation of performance to detect errors if the system already exists.
There are a number of design principles which should be considered during the design
process. Compatibility with human processing capability should be achieved by the
minimization of the amount of information recoding that will be necessary, and consistency
should be ensured within and between interfaces throughout the facility or plant. The
amount of information to be stored in short term memory should be minimized and the
structure of the system should be designed to assist the users in the development of a
conceptual representation of the system. This will assist in navigating the system.
Feedback must be provided to allow the user to correct their errors, mental workload
should be kept within acceptable limits, and the system should accommodate individual
differences in users as far as is practicable.
Specific guidelines exist for the design of software dialogue and computer display screen
design. Interface design guidelines address such issues as format, content structure, layout
of information, colour coding and so forth. Specifically dialogue design guidelines may
address issues such as data organization, user input devices, feedback and error
management and security and disaster prevention. There are some limitations which exist
associated with the guidelines. There are few guidelines which refer to "intelligent"
systems and there are some contradictory guidelines which may create confusion. The user
should be aware that the contradictory guidelines may actually represent alternative
strategies which are suitable for different scenarios, and so the guidelines may be context
specific. The complexity and overlapping nature of the guidelines makes them somewhat
unmanageable, although the use of a computer application to access relevant guidelines may
be an idea for consideration.
Once the initial design has been specified the analyst moves to the formative stage which
consists of the further development of the system based upon user needs. Rapid
prototyping and usability testing or user acceptance testing are used to improve and validate
the system design. These techniques are addressed in the following two sub sections.
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5.10.1 Rapid Prototyping
Technique Description: Rapid prototyping is used as a way of resolving design issues
which cannot be specified using design guidelines; that is issues which are context specific
and require the examination of human performance in order to select the best solution.
Rapid prototyping is a type of simulation used to examine task-related behaviour when a
user interfaces with a computer system. It may consist of any level of simulation from the
use of drawings of screen images to more sophisticated dynamic systems. The process is
evolutionary which means that it can be used at all design stages, and the fidelity of the
prototyping increases as design details increase, so that continuous improvements to the
system can be made. There are considered to be three different levels of prototyping; static,
dynamic and robust. Each of these will be discussed in turn.
Static prototypes are usually used to examine display formats, display content, display
messages and other screen features which do not require dynamics to assess their
suitability. They are primarily used for the resolution of design issues and menu versus
command-driven dialogue decisions. The cost of such prototypes is usually low and is
considered to be very effective.
Dynamic prototypes represent rough models of system performance on a graphics
workstation which has dynamic capabilities. It is used to examine dynamic characteristics
such as menu design, command structure, navigation issues, the use of HELP prompts and
so forth. The purpose is to conduct design trade-offs at a more detailed level and generate
detailed design information.
Robust prototypes should be a relatively complete simulation with near perfect fidelity.
The cost of such a system will obviously be a lot higher than the other two prototypes, but
it can be used to examine such issues as editing capabilities, operator errors, system
response times, status changes and other features which require interaction between the
user and the system in a realistic and real-time manner. Robust prototypes are used to
validate designs and provide performance assurance.
Input: In order to represent the system in an accurate way, data collection techniques
need to be used in conjunction with prototyping. Task definition methods such as
Functional Flow Diagrams, Hierarchical Task Analysis, Tabular Task Analysis and
Cognitive Task Analysis can be used to define the activities and constraints imposed by the
tasks. When the prototype has been constructed, the analyst must use data collection and
analysis techniques to interpret the results of prototyping into meaningful recommendations
(see section 8). The type of information to be collected may include experience-related
information such as opinions about task solutions, difficulty ratings, job aids, performance
times, errors and data formats.
Design Stage: User data can be collected and interviews can be conducted at the early
design stages to obtain information about system and task performance from personnel
with operations experience.
Advantages and Disadvantages: Observation of the simulated events is timeconsuming but generates valid data. Some information may be time-related and so the
simulation is carried out in real time, but in other situations it may be useful for the subject
to talk through the activities to discuss their approaches to problems and any uncertainties.
This is an intrusive technique however, which may impact upon task performance.
Performance measures are often taken using a robust prototype.
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Pilot studies are generally used to compare design alternatives and use descriptive statistics
such as mean response times. An experimental situation which is designed to examine the
feasibility of alternative hypotheses should use parametric statistics to evaluate the results,
and should adhere to the principles of experimental design. Surveys which examine user
preferences can be useful to assist in design decisions. A large sample of the user
population can provide an input and appropriate results can be generated in most situations,
unless there is a large degree of disagreement. Another form of data collection which can
be used is automatic data collection whereby the computer is programmed to collect data for
the user. This is a non-intrusive method of data collection and provides continuous data,
but it can only be collected from robust prototypes and requires data reduction and analysis.
The use of prototyping will ensure that system design creates a user-friendly computer
control system, and it can be cost effective if the three levels are prototyping are used at the
relevant design stages. This will ensure that all issues which can be addressed during the
early design stages are resolved before a robust prototype is required, so that the latter may
focus upon priority interaction issues, without being compounded by other design issues.
If an assessment is being carried out, all three levels of prototyping may not be required to
complete the project. It is recommended therefore that the analyst plans the use of
prototypes within the design process if appropriate (see reference 1).
5.10.2 User Acceptance Testing (Usability Testing)
Once the design goals have been achieved, it is necessary to test the system using a sample
of the target user population. Williges et al in the "Handbook of Human Factors" (ref. 2)
suggests three levels of testing; one-to-one evaluation, small group evaluation and then
field evaluation.
One-to one Evaluation: One-to-one evaluation simply consists of a user testing the
system in the presence of the analyst, describing his or her difficulties.
Small Group Evaluation: The small group evaluation is recommended to take place
following the one-to-one evaluation. The intent is that a small group of users completes a
set of tasks with little intervention from the analyst. The errors and difficulties are noted
and the system is modified to make the appropriate improvements. Often specific criteria
for an acceptable level of performance are used as a means of determining when the
iterative design process should stop.
Field Evaluations: Field evaluations test the use of the system in conditions as close to
the real environment as possible. Site testing can be considered to be a form of field
evaluation, but behavioural data must be collected in order for the evaluation to be
meaningful.
Summative Evaluation: After the initial design stage and the formative evaluation
stage, Williges suggests that there is a final summative stage, during which the final design
is tested. This is likely to take place during installation or commissioning and compares the
final design to the design and operation goals or to the existing computer system, if the
project is an assessment rather than a new design. Documentation relating to the system,
such as user manuals should be developed prior to this stage as it is necessary to test their
usability as well as that of the system itself.
Benchmarking may be carried out at this stage. This is the implementation of a standard set
of tasks to provide comparison between different systems. Unfortunately few benchmark
tests are available. There is one however; an editing task, for which four parameters are

C56
measured: time, errors committed by experts, learning efficiency for naive users, and the
functionality of the text editor over a wide range of editing tasks.
Formal experimentation may also be carried out to examine aspects of usability. It is
essential to define the characteristics of the subjects to eliminate the contamination of data
by individual subject differences. A consistent amount of training should be given to each
subject and the instructions should be well written. The analyst should always be present
during the experiment, to control the impact of any unforeseen circumstances upon the
performance data, such as a system failure. Other performance shaping factors may need
to be controlled, such as lighting, layout and so forth.
Summative evaluation can make use of both subjective and objective data. See section 8
for a discussion of data collection methods. The analyst must adhere to the principles of
experimental design and data analysis. The feed forward of results is very important in
usability testing to document the advances made in the system development and to record
any future improvements which may be required.
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5.11 Training Development
The development of a training program within a facility is a lengthy process and one which
will demand that human factors specialists, training experts, designers and operations
personnel have a high degree of interaction. It is not a process which takes place at one
stage of the design project, but one which develops throughout the design process. It is
essential that the development process commences as early as possible, so that the program
can prepare the operations staff for the operating phase. It is desirable to ensure that the
development of the program is complete by the end of the detailed design stage so that it
may be pilotted during the construction phase, and then training can take place during
commissioning.
The following subsections discuss two approaches to training development which can be
combined to provide a structured method.
5.11.1 Instructional System Development (ISD)
Instructional System Development (ISD) was developed for the American military but has
been used within other industries, and is a formalized process based upon learning
theories. Meister (ref. 3) discusses the history of this process and the stages involved in its
completion. ISD is characterized by a number of features:
- training is considered a subsystem of a total system and so interfaces with other
subsystems
- it is based upon analysis of system and task requirements, and decisions are made subject
to constraints such as cost, time, resources and feasibility
- the training process is an iterative one of testing, evaluating and modifying
- emphasis is placed upon the evaluation of training effectiveness.
The system is divided into five main stages which are called blocks. These blocks are:
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- job analysis
- the design of the instructional system
- development of the system
- implementation
- control, which consists of testing and evaluating the system in order to make
improvements. The blocks are then subdivided to give a more detailed account of the
required activities. Figure 6 shows the content and sequence of the blocks throughout
ISD. The following information summarizes the activities which take place at each of these
stages.
Block 1: Job/Task analysis (block 1) begins with the identification of the activities which
Uike place within system operation. A list of tasks are prepared and the list is verified by
referring to operations personnel and designers to ensure accuracy and completeness. The
tasks are then prioritized according to their importance. This is not an easy activity to
complete as importance means different things to different people: that is, an important task
could be defined as one which is carried out frequently or one that has potential safety
consequences if an error is committed.
ISD then advocates the selection of those tasks which are to be trained, based upon
information about task difficulty, the probability of deficient behaviour, the consequences
of such behaviour, cost, frequency, and other factors. It may be suitable at this stage to
make a preliminary estimate of those tasks which utilize capabilities which are demanded at
the recruitment stage as opposed to those tasks which will be trained.
The next stage of the process is to construct Job Performance Measures (JPMs). The aim
is to provide a means for the determination of personnel proficiency, to design and evaluate
training and to maintain quality control of the training process. The procedure is to
determine the output of the task, determine if it can or should be measured, decide whether
a simulator is required for the measurement process (if the design does not already exist),
specify the conditions under which the JPM information will be collected, and determine
the cues which will initiate the measurement. Based upon knowledge of the task
requirements, appropriate standards of performance can then be specified. Scoring
procedures need to be established and then the procedure should be validated and revised to
improve the process. If the training program exists, and therefore the project is an
assessment of the program, the existing training courses can be examined for their focus on
the performance requirements.
At this point, instructional settings may be selected for the training, such as classrooms, the
working environment, or private rooms for self study. This is likely to be revised at a later
stage in program development, when the training methods are addressed, to ensure that the
methods are suitable for the settings and vice versa, and to ensure that they both are
appropriate to meet the objectives of the training.
Block 2: Block 2 deals with the design of training program content in terms of the
identification of training objectives. For each of the tasks to be trained, the analyst prepares
a statement which describes the behaviour to be observed in terms of the activity, the
standard of proficiency which is acceptable and the conditions under which the activity will
take place. The learning category for each objective should be determined i.e. is a mental
skill, a physical skill, knowledge or an attitude demanded?
Within block 2 the tests associated with the training objectives are developed. It must be
ensured that test questions adequately determine whether performance meets the identified
training objectives. Standards of achievement for the trainees should be set. The sequence
and structure of the training program must be defined. Training objectives can be
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categorized according to common elements, such as physical skills associated with manual
manipulation of equipment may be addressed together, as may be diagnostic skills
associated with trouble shooting. The structure of the training program will usually
progress from general background information to more specific job-related training. For
example, it is useful to address the principles of nuclear theciy before teaching an operator
how to start up a reactor.
Block 3: Block 3 examines the actual development of the training material and methods
which will be used within the structure defined in the previous block. It is at this stage that
the precise nature of the element in the learning category is specified, such as which mental
skills are necessary within this task or sub task? For example, the mental skills may
demand pattern recognition of set a of alarms to diagnose the problem, or the identification
of symbols on a process flow drawing. The type of knowledge required by the operator
should be identified, e.g. knowledge of the effects of chemical addition upon a system.
Physical skills and other capabilities should also be explicitly defined.
Within block 3, specific instructional methods are selected, according to their suitability but
are bound by such constraints as cost, availability of technology and so forth. Meister (ref.
3) includes a matrix which is designed to assist in the choice of appropriate instruction
methods. This should be reviewed, ideally by those specialists who have been involved in
the development of the training program and by those who will be receiving the program if
necessary. This can be validated by administering the training course to a sample of the
population and obtaining measures of adequacy such as the time taken to complete the
course, the standard of instruction, and effectiveness of the outcome.
Block 4: Block 4 consists of preparing the course in terms of administration, scheduling
and other organizational factors. Block 4 also represents the actual implementation of the
training program.
Block 5: Block 5 then considers both internal and external evaluation of its acceptability
and success. It is stressed that ISD is an iterative process and as such will continually
assess its own effectiveness and modify the system to improve its proficiency. One
principle measure of effectiveness is the scores of the trainees, but it is not easy to identify
where the deficiencies lie if problems have been identified, that is, are the deficiencies
within the course content, the standard of instruction or the testing methods.
The advantages of the ISD method are that it is a structured process which encompasses the
total development process of a training program, and it is iterative so is subject to
continuous improvement. It is a concrete logical system which can be developed
throughout the design process and it can be easily documented. Its main disadvantage is
that ISD is weak in the areas of training needs analysis. The system does discuss the
identification of tasks to be trained, but only on a very superficial level without much
discussion about how this data is obtained. Even if the training development system is
logical and thorough, if task information is not adequately defined, or some tasks are
omitted, the training program will be deficient.

5.11.2 Needs Analysis
In his book "Training in Organizations" (ref. 2) Goldstein outlines an approach to training
needs analysis which systematically examines tasks and the needs of the trainee, in order to
determine the content of a training program. This method provides a useful complement to
the ISD approach as it caters to a weakness in that approach, and can easily be slotted into
the front end of the process. Goldstein's approach consists of the use of four techniques to
examine training needs: organizational analysis, task analysis, knowledge, skills and
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abilities elicitation, and person analysis. A summary of each of these techniques is
provided here to give the user an idea of how the approach is carried out. The "Training
and Development Handbook" (ref. 1), whilst it does not provide a detailed and approach to
needs analysis, is useful text for the development of training programs as it discusses a
variety of aspects relating to program development and conduct.
Organizational Analysis: This is a system-wide examination of the organizational
components which will affect the training program. Even if all training needs have been
identified and thorough and well-designed training program has been constructed, if the
organizational mechanisms do not exist to support training, it will not be successful. For
example, a lack of management commitment or lack of resources can lead to an ineffective
program. The organizational goals need to be considered since the purpose of training is to
ensure that the personnel can adequately assist in the achievement of these goals. The
consideration of organizational goals helps the analyst to consider the necessary interactions
with others throughout the organizational system, and to define the obstacles and conflicts
which may affect the achievement of success.
It is essential to identify relevant external factors which may affect training within the legal,
social, economic and political systems surrounding the organization, such as employment
legislation, regulatory requirements, environmental and safety policies. Each of these
factors may influence the extent and nature of the training program and may place specific
requirements upon the content to be included. An analysis of the resources available for the
development and implementation should be considered. It is useful to identify the staff
structure within the organization, the location within this structure of the people involved in
training, and the interfaces which are required to make it a successful process. It is also
essential to identify the equipment and financial resources which will be available for this
activity. The recruitment process plays an important role in the success of training and
operations activities and so identification of the source of the staff may be defined. In the
calculation of costs and other planning activities, it is useful to know what the turnover of
staff is and why people are leaving, whether the required skills already exist within the
company or whether they must be sought elsewhere, who is available for promotion and so
on.
Meistcr (ref. 3) gives some examples of questions which may form part of an
organizational analysis. Organizational analysis is usually carried out using questionnaires
and a structured interview approach. The analyst may decide to interview subjects
separately or in a group forum, both of which have their merits. It is necessary to plan
carefully what information needs to be collected and who will be asked to participate at the
start of the project. It may be useful to talk to people from different levels of the employee
hierarchy, representing both management and worker levels. In an assessment situation,
this will ensure that the intentions of management are actually reflected at the worker level.
In a design situation, it may be a little more difficult to obtain the information, but
comparisons may be possible with existing facilities.
The analyst is required to develop a questionnaire which is specific to the particular
organization or facility concerned as there is no published and validated questionnaire
available currently. The inputs to this technique are information about staff structure,
employment and recruitment policies, resources and other organizational data, and the
outputs will be recommendations for the improvements of the existing organizational
mechanisms which will ensure that the training program is successful. This part of the
training needs analysis is often omitted in the interests of time, but it is a cost effective
technique to use as it can raise other organizational issues which are not directly part of
training, but which will improve the overall efficiency of the organization or facility.
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Task Analysis and Skills, Knowledge and Abilities (KSA) Elicitation: This
part of the method is used to specifically identify those tasks for which the personnel need
to be trained. It is possible to commence with two different approaches: the different job
positions which make up the employment hierarchy could be specified and the tasks which
belong to each could be identified; or the analyst could the HTA approach to identify how
tasks interact with each other within the system, and then separate the tasks into those
performed by different members of personnel. In some cases training needs analysis is
completed when a system is already operating, and the program is developed for one
specific job position, such as the operations staff. In this case the two approaches become
the same.
Task descriptions are constructed which define the actions to be completed, the desired
outcome, the machines, equipment and tools which need to be used, environmental
characteristics, potential errors and their consequences and potential hazards. To obtain a
greater level of detail; about the task steps themselves, task statements are constructed
which describe how the task is carried out, to whom /what, how, when etc. This
information can be obtained by using observation techniques if the system is already
operational, by interviewing subject matter experts (SMEs), and by examination of
operating instructions and work schedules if they exist. If the system is being designed,
appropriate SMEs should be identified to provide an input to the process. A technique such
as tabular task analysis can be used to present the data collected in a usable form. If
training development is part of an overall design project, then task analysis may have
already been completed for other purposes, and it could be adapted and augmented, to
provide an input to training needs analysis.
In addition to traditional task analysis information, the analyst will need to collect data
about relevant task dimensions such as the importance, difficulty and frequency of the task.
This may be done using a rating scale and the expert judgment of appropriate SMEs. The
analyst is required to decide upon an appropriate scaling technique, the selection of SMEs
and whether a group forum or a one-to-one format is more effective. Goldstein (ref. 2)
suggests a rating technique. He also references other texts which may assist the user in the
use of such a technique and gives examples of training needs analyses which have already
been carried out. This information will assist the analyst in decisions relating to emphasis
of certain issues within the training program and the relative time spent on certain aspects.
The elicitation of information about KSAs can be obtained in much the same way as
difficulty, frequency and importance ratings and is again is difficult if the system does not
already exist. Personnel with operations experience relating to similar tasks should be
used. The elicitation of KSAs can be considered to be part of the task analysis process or it
may be considered a separate activity.
The inputs to this are task analysis techniques such as observation , interviewing,
questionnaires and tabular task analysis, and the outputs from this technique are profiles of
task requirements and features which will be used to form the content of the training
program, and provide the basis for the specification of performance standards to be
achieved at the end of the program. It can be a lengthy process, depending upon the size
and nature of the facility or organization, but is a worthwhile exercise to ensure that the
training is task-based. This part of the training needs analysis is most usefully carried out
during the detailed design stages of a project, in conjunction with other detailed task
analysis activities.
Person Analysis: Person Analysis is the term given to the identification of the training
needs of existing staff in a facility where a new training program has been developed. It is
not coit effective nor desirable to ask personnel to go through the entire training course,
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when they are already operating the facility. Person analysis is the examination of the
workforce to see where they are on the continuum from not trained to fully trained, and the
assessment of which courses will bridge the gap.
Criteria need to be developed which are indicators of task performance. These will be the
same indicators which are used to assess the effectiveness of training and on-the-job
performance. There is no precise method for carrying out person analysis and there is not
much documented material discussing past experience with this technique. One of the
cautions which the analyst should bare in mind is the possible hostility of the personnel to
the observation of task performance in order to decide whether training is required.
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5.12 Human Reliability Analysis
Traditionally reliability analysis has concentrated on the area of equipment reliability, and
data exist for this purpose relating to the failure rates of equipment and systems, and other
information such as mean time to repair (MTTR). It has been realized that human error has
a part to play in system failures but it is more difficult to calculate human error probabilities
for two reasons; human behaviour is not easily predicted; and there is a lack of human
error data available, and that which does exist is not sufficiently descriptive to be useful.
Human Reliability Analysis (HRA) Techniques have been developed to provide an input
into the estimation of system failure probabilities within safety assessments and
probabilistic risk assessments (PRAs). The first stage in any HRA technique is the
identification of human error, which is discussed in more detail in section 5.12.1. It is
possible and sometimes desirable to stop at the identification of human errors and provide
design solutions to reduce their likelihood of occurrence, but it is also possible to take one
step further and perform a quantification exercise. Traditional reliability analyses may use
fault or event trees to model the failure scenario in relation to equipment. They can also
include the modelling of operator errors, which when quantified, are combined with
equipment failure data to give an overall probability of the occurrence of the top event, or
failure situation.
HRA requires the use of task analysis techniques to describe the task situation to be
analyzed (although this may be implicit in the method), and requires an understanding of
human error and of the system operation itself, in order to accurately model the scenario.
This demands input from system designers and operations experts during the analysis. The
outputs from this technique are recommendations for modifications in the areas of
instrumentation design, training, procedures and other aspects of the design of the working
environment. It is possible to perform cost benefit analyses using HRA techniques, by
quantifying the scenario as it exists or as it is proposed, identifying improvements, and
then requantifying the top event using the modified system design details, to see if they
si:-';»>ficantly affect the failure probability.
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HRA can be performed during the detailed design stages to examine the feasibility of
certain design proposals, or later in the project to validate the design. In addition HRA is
used within safety assessments of the completed operational design to compile a safely
case, to update the safety case according to modifications to the system and/or to investigate
the causes of defined operational deficiencies. There is still a great deal of skepticism
associated with the use of HRA techniques due to the subjective nature of the analysis. It is
difficult to say how accurate human reliability assessments are, but the results are useful in
the comparison of the reliability of different design propositions, and in cost benefit
analyses. There is value in the use of HRA to encourage the analyst to examine human
error in a thorough and structured way, and to assess the effects of performance shaping
factors (PSFs). The qualitative information generated by the analysis is meaningful on its
own.
5.12.1 Human Error Identification
Purpose: The purpose of human error identification is to assess whether a system design
is robust against operator error, to feed into an HRA, and/or to record data for future
analyses. The identification of potential errors is based upon analysis of individual tasks
and so task analysis methods provide an input to this technique. Examples of techniques
which can be used are observation techniques, interviews and walk/talk through exercises.
The human error data may be presented in a tabular form as for TTA, identifying the
potential errors associated with each task step. It is useful to record the possible causes
associated with these errors and the potential consequences, so that modifications may be
made to the design or operation of the system to reduce the likelihood of the causes and
prevent the consequences.
Data Collection: The data collection method in these cases is usually manual data
collection performed by the analyst, but there are other ways of collecting human error
data. The data can be collected automatically but would only be possible if using a
simulator or a computer prototype which records error data continuously throughout the
task. This is a non-intrusive way of collecting data but is more expensive than manual data
collection methods. Human error data can also be generated by experimental scenarios and
self-reporting systems. Methods of data collection are discussed in more detail in section 8
and so will not be addressed further in this section.
Error Classification: It is useful to classify the potential errors or the errors
committed, in order to examine why they occur or might occur, and to define measures of
prevention. A useful philosophy is to prevent errors where possible, provide means of
error recovery where prevention is not possible or feasible, and to provide measures for the
remediation of the consequences where error recovery mechanisms cannot be created. An
error classification which is often used is discussed in Reason's book on human error (ref.
5), and it is based upon skill, rule and knowledge-based processing. Human errors
associated with skill-based tasks are usually slips or lapses, rule-based mistakes are usually
related to the incorrect diagnosis of a situation and knowledge-based errors are usually due
to inadequate or inaccurate information.
Skill-based errors can be said to be related to attentional factors. There are a number of
error modes which can be represented in this domain, for example, double capture slips,
which relate to returning to a well practiced behaviour when a deviation is required, and
omission of part of a task or a task step as a result of an interruption. Other examples are
reduced intentionality, which can be described as intending to do something and actually
doing something else instead, and perception confusions such as performing the right
action upon the wrong object. Within the area of skill-based errors over-attention may also
result in omissions, repetitions and reversals of some activities.

C64
Rule based errors comprise the application of rules incorrectly and the selection of
inappropriate or bad rules. The former can be characterized by the application of rules
when the exception to the rule is appropriate, the application of rules when the symptoms
are ambiguous, when there is too much information to process, and when redundancy of
symptoms exist. A particular application of rules may appear more suitable if it has been
applied more often in the past. Knowledge-based errors, for example may be characterized
by selective attention, that is paying more attention to only some or the incorrect features,
workplace design limitations, and overconfidence relating to certain aspects of the situation.
The error modes associated with each type of activity are discussed in detail in reference 5,
but the users of the guide may find it useful to use the following classification of errors
which is a summary of the above:
- omissions of part of a task or task step
- committing the wrong action upon the right piece of equipment
- performing the correct action upon an inappropriate piece of equipment
- performing an action out of sequence, either too early or too late.
If the system already exists the analyst may examine the system design features to ascertain
causes for the potential or observed errors. If the system is under design, the analyst may
define potential causes and ensure that they are designed against. The definition of the
possible error causes will assist in the identification of a remedial action. For example, if
the wrong action is completed on the right object, the deficiency may be a procedural or
comprehension problem and so the solution may be related to training or the provision of
diagnostic aids. If the correct action was performed on the wrong object, the inadequacy
may be related to equipment layout or labelling.
Error Consequence Classification: It is often useful for the analyst to classify the
consequences of error as well as the causes, particularly to assist in cost benefit decisions.
If the project is an assessment of an existing system, then it may be appropriate for the
analyst to classify the errors according to whether or not the consequences have safety
significance or not, so that the necessary modifications are made. In design situations it
may be appropriate to adopt a more detailed classification scheme which will represent
production consequences, environmental impact, safety concerns and other features such as
comfort and efficiency-related issues.
Qualitative and Quantitative Error Analysis: Human error may be examined in a
qualitative way and it can be modelled using fault trees and event trees. Fault trees are
graphical representations of failure scenarios which progress vertically. The overall failure
or top event is presented at the top of the page, and is progressively divided into causes in a
hierarchical fashion, using AND and OR gates to link the statements. For example, a top

event failure to successfully complete fuel change operation may be divided at
the first level of the hierarchy into failure to diagnose a fuel change is required OR
failure to follow preventative maintenance schedule. It uses a Boolean algebra
formula to calculate the overall probability of failure. The fault tree is similar to an HTA
but it represents failures as apposed to operational activities.
An event tree is a graphical representation of error scenarios which progresses in a linear
fashion. It models the progression of activities leading to the overall failure and so can be
considered to be an upside down fault tree. Each node in the tree represents an activity
which can be performed correctly or incorrectly. The two options are modelled by a binary
branching system which also allows recovery to be modelled. The construction of fault
trees and event trees is addressed in more detail in reference 3. The errors can be quantified
within this type of framework or it can be used merely to provide a structured method of
data representation.
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5.12.2 Absolute Probability Judgment (APJ)
Absolute Probability Judgments the most direct method of generating human reliability
data. It relies on experts, either singly or in a group forum, to estimate human error
probabilities (HEPs) based on their knowledge and experience of the task and the work
scenario. The group forum is used more often than the individual assessments. The
experts must have the expertise to translate their knowledge and experience of the situation
into probabilities.
Data Sources: There are various different approaches used to collect group data and a
number of them are touched on here. The Aggregated Individual Method requires
that the experts estimate the HEPs separately but the results are aggregated statistically to
generate an overall estimate. The advantage of this is that it does not require the group to
meet but it does mean that the participants do not share their expertise. The Delphi
Method also requires individual assessments to be made, but the results are shared and
discussed and die subjects are then allowed to refine their decisions before the results are
aggregated. The Nominal Group Technique (NGT) is similar to the Delphi Method,
but only limited discussion is allowed for clarification purposes. There is, of course, the
Consensus Method which requires group discussion and a consensus agreement at the
end of the process.
Reliability Calculation: The procedure begins with the selection of appropriate experts
and the preparation of the task descriptions, the detail of which is to be determined by the
analyst. The subjects must have sufficient detail about the scenario to identify factors
which may be detrimental to performance, and any information given to one subject must
also be made available to the others to ensure some consistency. Instructions must be
comprehensive and a method of recording their responses should be provided for the
subjects. When the judgments have been obtained, the analyst should determine interjudge consistency. Generally one would method is to use a statistical method based upon
analysis of variance. The results should be aggregated by calculating the geometric mean
for individual estimates. Uncertainty bounds can also be calculated using a particular
formula. The approach is discussed in the "Human Reliability Assessors Guide" (ref. 2).
This text also provides some case studies to demonstrate the use of each technique.
Advantages and Disadvantages: There are some disadvantages associated with the
use of this technique. The most obvious is that it can be subject to bias particularly in a
group setting, where certain personalities may be stronger than others. There are other
types of bias which will affect the results of APJ, such as overconfidence, availability bias
due to the level of experience of the subject in that area, and anchoring bias which
manifests itself in the desire not to deviate from other people's estimates. The advantages
of using this technique are that it has been demonstrated to be accurate in other fields, such
as weather forecasting and medical applications, and it is quick and easy to administer.
5.12.3 Technique for Human Error Rate Prediction (THERP)
THERP was developed by Swain and Guttman (ref. 4) of Sandia Laboratories for the U.S.
Nuclear Regulatory Commission (NRC) in 1983. It is essentially an engineering-based
approach and it was really the first HRA technique to be accepted and used. It has been
applied in process industries in the UK and in the nuclear industry in the UK, the US and
in Canada.
Data Sources: It is based on the modelling of human error using probability trees and
models of dependence. The technique considers factors which may be detrimental to
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human performance. It is considered an acceptable technique due to the fact that it is based
upon a mixture of data from a data base tempered by human judgment.
Reliability Calculation: The initial step in the use of THERP is to identify the system
failures which are of interest to the analyst. This may be dictated by the type of project if it
is an assessment project, or by the procedures considered to be potentially hazardous, if it
is carried out during system design and the scope has to be narrowed. The precise human
operations are then described using task analysis and human error analysis techniques (see
section 5.2) and the data is represented in HRA event trees (HRAETs). Each action
statement in the HRAET is a binary node which represents success or failure.
HEPs are calculated by reference to the data source in the THERP handbook (ref. 4), but
other data sources can be used, such as experimental or simulator results. The error
described is compared with the generic error types listed in the handbook and then it is
modified according to sets of rules associated with the performance shaping factors.
Advantages and Disadvantages: THERP requires considerable resources and is not
particularly good at evaluating diagnosis errors or high level decisions; it tends to focus on
eiTors associated with task execution. THERP does not lead the analyst to remedial
measures. It is also said to be insensitive to PSFs to a certain extent and does not attempt
to identify the underlying psychological causes of error. This technique was found to be a
little inconsistent during peer review, which was identified as being due to differences in
the way operational scenarios were modelled during construction of the HRAET and the
consideration of PSFs . There are a number of advantages however. The technique is well
accepted and can be used at all design stages due the option to modify the level of detail at
which it can be applied. THERP results can be integrated easily to a PRA. It provides a
structured, logical and auditable analysis, and is considered to have high face validity.
5.12.4 Human Error Assessment and Reduction Technique (HEART)
HEART was developed by Williams in 1985/6 (see reference 2). It is noted by its ability to
consider a wider range of PSFs, which are more specifically defined than other HRA
techniques. It is the only technique which recommends remedial measures for certain
problem areas. The technique can be considered similar to THERP in that the failure
scenario is modelled, the errors specifically identified, and then the HEPs are modified
according to the PSFs selected as relevant.
Reliability Calculation: The analyst is required to match the particular error to a set of
generic error descriptions which recommend the use of a nominal HEP. The analyst is then
asked to select the appropriate PSFs from the list of almost 40, taking care not to repeat any
conditions which are already specified in the nominal error descriptions. The PSFs include
such factors as unfamiliarity, time shortage, misperception of risk and poor feedback.
Each PSF has a multiplication factor associated with it which is combined with the
analyst's subjective estimate of the importance of the factor in the particular situation. The
latter is selected from a scale of 0.1 to 1.0 where 1.0 is the greatest effect. The results for
each PSF are then multiplied together to generate an HEP.
Advantages and Disadvantages: HEART demands a detailed knowledge of the
scenario to be assessed and so is most suitable for use during the detailed design stages of a
project or to assess an existing system. Some users have reported a difficulty with the use
of the generic error descriptions, in that the particular error under examination does not fit
into any of the descriptions or it falls between two descriptions. HEART docs not have the
capability to model dependency; that is a situation where the probability of one error is
dependent upon the success or failure of another activity; for example, the likelihood of an
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operator omitting to open a particular valve may be dependent upon the success or failure of
the operator to delect a problem which would require Oie opening of the valve. The
multiplication factors for the PSFs are based upon experimental data, but the experiments
were not carried out using nuclear tasks. The technique also assumes that each of the PSFs
arc independent whereas that may not be the case e.g., could channel capacity be related to
time shortage?
Whilst HEART does have its limitations there are a number of advantages which make it
suitable for certain applications. It is a flexible technique which can be used for most
nuclear situations. It is quick and easy to use and it has a comprehensive list of PSFs from
which to draw, which encourages the analyst to think in detail about the operational
situation. In this respect it provides useful qualitative analysis. The technique also
suggests remedial action associated with specific problems.
5.12.5 Systematic Human Error Reduction and Prediction Approach
(SHERPA)
SHERPA is an approach to identifying human error which is used in conjunction with a
quantification technique to yield HEPs. It was developed by Embrey (ref. 1) and it is
essentially a framework within which HRA can be carried out qualitatively and
quantitatively to generate error reduction recommendations in the areas of procedures,
training and equipment design. It allows cost benefit analyses to be carried out and is
ideally used within the design process of a new system. SHERPA consists of the
sequential execution of modules which analyze the tasks , classify the information
processing characteristics, identify potential errors, quantify the errors and then devise
strategies to reduce the error potential.
Task Identification and Error Classification: SHERPA recommends the use of
HTA to identify the tasks which require examination. The tasks are then classified using a
scheme originally developed by Rasmussen, which categorizes tasks into those which are:
a) skill based (SB), which are mainly physical operations
b) rule based diagnostic (RBD) tasks, which consist of the diagnosis of situations
according specific symptoms and rules
c) rule based action (RBA) tasks, which are actions based upon rules
d) knowledge based (KB) tasks, which require returning to first principles to understand
the situation.
The type of processing which is used by an operator usually depends upon the level of
experience and training s/lie possesses i.e. a new operator uses KB behaviour, but with
practice is able to progress to the RBD and RBA domain.
The next stage of the analysis is to define the error modes which may belong to each of
these processing classifications, The errors are predominantly within the SB, RBD and
RBA areas. Detailed task analysis is then used to define the task elements which lead the
operator to the achievement of the task goal and the conditions under which the tasks are
carried out. Human Error Analysis (HEA) is used to identify external error modes such as
completing an action too early or too late. The possible psychological mechanisms
underlying these errors are specified. The possibility of error recovery and the
consequences of non recovery arc identified and then strategies to reduce the likelihood of
error occurrence are defined.
Quantification: The quantification part of the approach uses the Success Likelihood
Index Method (SLIM) which is described in the next section of the guide. The error
reduction module applies the results of the previous modules to obtain the most cost
effective strategy for error reduction. SHERPA provides a structured approach for the
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integration of quantification and cost benefit capability. The approach provides auditable
results and has been applied to critical systems within nuclear power plants in the UK.
5.12.6 Success Likelihood Index Method (SLIM-MAUD/SARAH)
SLIM was initially developed by Ernbrey et al (réf. 2) in 1984, in a project supported by
the US NRC. The Multi-Attribute Utility Decomposition (MAUD) software, originally
used with SLIM was developed by Dr. P. Humphreys and Ms. A. Wisudha of the London
School of Economics. Subsequent development of the Systematic Approach to the
Reliability Assessments of Humans (SARAH) was undertaken by Human Reliability
Associates.
Success Likelihood Index Calculation: The first stage in this technique is the
calculation of SLI. The task is defined and divided into subtasks which are grouped
together according to some similarity of characteristics and subjectivity to the same PSFs,
for example all valve manipulations during start up of a system could be grouped together.
Each group of subtasks is analyzed separately. Factors which affect performance are
identified for each group of sub tasks, and they can be positive or negative aspects, such as
inadequate lighting and the existence of checklists to assist performance. The computer
generates a linear scale from 1 to 9 upon which the assessors rate the PSFs for each subtask in the group. The assessor is asked to specify the ideal point on the scale for optimum
performance, and then the computer calculates the deviation cf the actual rating from the
ideal rating.
Calculation of Failure Probabilities: It is important that the PSFs are completely
independent of each other otherwise inaccurate results may be generated. The computer
subjects the assessor to an exercise which calculates their perceptions of the relative
importance of each PSF compared to the others. The SLI is then calculated by combining
the perceived importance weightings with the initial scaled ratings (the deviation from the
desired point on the scale) for each PSF and then the totals are added to give the SLI for the
task. SARAH converts the SLI into failure probabilities. The SLIs are a relative measure
of the likelihood of success of the subtasks in the session. SARAH performs a calibration
exercise which requires the use of existing human error data from similar scenarios. The
use of SARAH allows the analyst to vary the PSF data according to recommended
improvements and thereby perform cost benefit analysis.
Advantages and Disadvantages: The disadvantages of using this technique are that it
requires greater resources than some of the other techniques and is generally more complex
to carry out. It requires the use of real data for the calibration exercise and the extensive
use of expert judgment. The calibration equation requires more extensive empirical and
experimental support. The technique does have a sound basis in decision theory however,
and is highly scrutable and auditable. SLIM-MAUD does not require such extensive
decomposition of tasks as some of the other techniques.
General Comparison of the Techniques Presented: THERP and Absolute
Probability Judgment seem to yield the most accurate results in general. Both THERP and
HEART require a certain amount of training in the field of human factors and in HRA
before they prove to be useful techniques, but both produce useful qualitative results, as
does APJ. HEART does not require such extensive resources as THERP but the data
sources are more scrutible. An important consideration in the use of any of these methods
is that most of the deviations in analysis results stem from differences in the way the
analysts model the scenario and the errors. The analyst must make the selection of the most
suitable HRA technique according to the resources available, and the purpose of the study.
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5.13 Maintainability Analysis
Maintainability refers to the maximization of system operating time by reducing the
likelihood of equipment/system failures, increasing the mean time to repairs (MTTR),
reducing the length of lime taken to repair a piece of equipment, and increasing the
likelihood of success of the repair (see reference 2). Equipment reliability specialists have
the responsibility to ensure that reliable equipment is selected for purchase within the
design process, in collaboration with the rest of the design team, and to ensure that it meets
other operational requirements. Equipment reliability is a particularly important issue
within the nuclear industry due to the inaccessibility of many items and the potentially
hazardous nature of performing maintenance in such an environment. It is the
responsibility of human factors specialists to ensure that the system and the working
environment is designed in such a way that the potential for errors within maintenance is
reduced as far as possible.
Errors Within Maintenance: Past experience within the nuclear industry has
demonstrated that a large proportion of human errors occur during maintenance, as
opposed to operational activities. The errors can potentially occur during diagnosis of the
problem (or indeed failure to diagnose that there is a problem), during the activity itself and
during the restoration of the system to its operational state. The causes of these types of
errors may be related to the inappropriate choice of instrumentation or equipment (both to
detect the failure and to perform the maintenance itself), the impact of poor environmental
features upon performance, such as poor lighting, the inaccessibility of the equipment upon
which maintenance is to be performed, inadequate training to perform the activities, and/or
inadequate procedures. These are all aspects which should be addressed during the design
process.
Implications of Errors: The failure of a maintenance task impacts upon the operations
of the facility and so it is critical to ensure that communication exists between operations
staff and maintenance staff. For example, mechanisms should exist to communicate the
requirements for maintenance and to pass on information about the symptoms, the
operations staff should be made aware of where and when maintenance is going to take
place, and they should be aware of what they can and can not do while maintenance is in
progress. This has implications for the design of work control methods such as locking
and tagging procedures, and permit-to-work systems. The consideration of these factors
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should be included in an organizational analysis (see section 5.11.2), which can be relevant
for the examination of all organizational features and not just training development.
Design Stage: Maintainability should be considered in parallel to operability of the
facility, throughout the design process. At the detailed design stages, for example, the
examination of anthropométrie data to ensure that the operator can comfortably carry out
operations activities, should also include the consideration of comfort and accessibility
during maintenance activities. When operating procedures are validated during the
commissioning stages, maintenance procedures should also be validated, and so on.
Designing a system for maintainability can therefore be considered as a process, rather than
a method, and as such may make use of the other human factors analysis methods and
techniques to address the relevant design issues. For this reason, this section of the guide
will address two of the main areas of maintainability from a human performance viewpoint,
which are the design of the working environment for maintenance through the use of
guidelines, and the design of proceduresfor diagnosis and completion of maintenance
activities.
5.13.1 The Application of Guidelines to Ensure Maintainability
Issues to be considered: It can be considered that to some extent, design guidelines
are appropriate for maintainability. Anthropométrie data relating to access spaces can be
used for operations and maintenance activities, and the consideration of the thermal
environment is equally relevant for both operations and maintenance performance. The
difference in the two situations is in the task itself and so task analysis of the activities is an
essential input to this analysis technique. For example, in the examination of the task it
may be described that the maintainer requires access to a particular area, but due to the
nature of the task s/he has to wear protective clothing and carry certain equipment. This
individual will require greater access space due to task specific requirements. The lighting
requirements of an operator in a control room may be different to the requirements of a
maintainer in the same room, due to the fact that the latter must carry out close inspection
work. The Design Integration Guide (ref. 16) discusses these issues in more detail.
Input: Task analysis techniques such as those described in section 5.2 will provide a
useful input to this process, in that they will describe the maintainers activities, the
environmental stressors, define equipment and information requirements and assist in the
identification of potential errors, their causes and their consequences (see also section
5.12.2 for a discussion of human error). Having identified the specific context and
environmental features relevant to the maintenance tasks, human factors guidelines can be
used to provide design specifications for layout and equipment design.
Guidelines: A set of guidelines the analyst will find useful are the "Human Engineering
Design Guidelines for Maintainability", produced by EPRI (ref. 1). These guidelines
include the consideration of certain plant design features relating to maintenance which
should be addressed at the early design stages, such as the provision of adequate service
outlets, equipment room, storage areas and access routes. The guidelines examine the
relevant design features for workshop design and other maintenance work areas. They
examine the impact of environmental features upon maintenance performance, such as the
thermal environment, noise and lighting. The guidelines also address communications
aspects in addition to traditional design aspects such as location of equipment and
instrumentation, colour, labelling and so forth. The user will find this a fairly thorough
examination of maintainability issues, and in addition, it also provides checklists for design
reviews.
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5.13.2 Development of Procedures for Maintenance Activities
There is little documentation which refers specifically to the production of maintenance
procedures. As with operating procedures, the aim is to provide the user with all the
information they need to know, in the correct sequence, specifically identifying the
equipment and its location, containing the appropriate cautions and aiming to reduce
maintainer error as far as possible. The maintenance procedures should be based upon a
systematic identification of maintenance activities (see section 5.2 Task Analysis) and
designed according to human factors documentation design principles. The EPRI
guidelines (ref. 1) contain a section on the design of technical manuals and procedures and
provides a checklist to verify this aspect of design.
Type of Procedures: There has been a move in the area of procedures design towards
symptom-based procedures as opposed to task-based procedures. That is, the operator no
longer has to have diagnosed the problem before the correct remedial procedure can be
selected, s/he is guided by the symptoms to the identification of the problem and the
solution. This would seem to be an appropriate approach for the diagnosis of maintenance
problems. Errors in diagnosis may occur because of the tendency of the human to make
assumptions based upon the prevalence of certain symptoms, when the exploration of other
factors may reveal a different cause. This type of error is often the result of experience
bias; that is, the maintaincr has seen this set of symptoms a number of times before and it
has usually been due to one specific cause, so an assumption is made on that basis.
Symptom-based procedures may encourage the maintainer to examine the situation more
thoroughly.
Format: The maintenance procedures may be developed in a tree-like format which
requires the user to answer "yes" or "no" to the existence of certain symptoms, and the
answer will lead the user to a branch of the tree which will ask further questions, until a
diagnosis is reached or an action is recommended. The procedures could be computerized.
The analyst should consider line use of checklists to ensure that each step of the
maintenance procedure is completed and is in sequence. This is also relevant for
restoration of the system to its operational state following maintenance. The maintenance
procedures should be developed in parallel to the operating procedures throughout the
design process. The development of the procedures is likely to take place during the
detailed design phase, when design details are finalized, and verified during the
construction and commissioning stages.
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6.

DEFINING HUMAN FACTORS REQUIREMENTS

The methods and techniques which were discussed in section 5 of this guide provide
analysis results which must be integrated into the design process. In order for integration
to take place, the analysis results have to be interpreted and translated into human factors
requirements. The following sub-sections discuss some of the ways in which the results
are used.
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6.1 Equipment Requirements
A function or task analysis completed early in the design process may allow the human
factors specialists and the designers to define what equipment and instrumentation will be
required. This is likely to be modified or added to throughout the design process. At the
detailed design stage task analysis will provide more information about equipment and
instrumentation requirements. An example is the identification that level gauges arc
required to measure tank levels. A detailed task analysis will indicate that the gauges are
required to be located in the control room and must be suitable for level comparisons
between different tanks in order to complete a specific task or tasks. This will lead to
decisions about the location, panel layout and choice of the type of instrumentation to be
suitable for its purpose (in this case a vertical level display may be selected so that it can be
compared to other vertical level displays situated next to it ).
Having acquired information about how the instrumentation will be used, it is possible to
select appropriate guidelines to address specific design issues such as the size of the display
relative to the viewing distance, the scale markings which are appropriate for the level of
detail of the reading which must be taken, and colour coding issues relating to contrast,
visibility, stereotypes and consistency with other areas of the plant. The same process
applies to the selection of controls as well as displays, for example it may have been
identified in the early design stages that particular valves will need to be controlled from the
control room. If the detailed task analysis reveals that the valve is required only to be open
or closed , as opposed to partially open or closed, then the selection of a simple pushbutton
may be appropriate, and guidelines may be used to select the size and colour coding of the
control.
Equipment requirements are defined by the use of task analysis in the same way. It may be
identified that a fuel handling tool is required and further analysis and available design
information about the fuel channels and the procedure will assist in the definition of more
specific requirements for the tool. Anthropométrie data and data relating to the physical
capabilities and limitations of the user population can then be applied, when it is clear how
it is proposed that the tool be used, and modifications or design requirements will be
specified accordingly.
The selection of instrumentation and equipment as a result of the specification of equipment
requirements may be constrained by the level of technology available, quality assurance
aspects, cost and the capabilities of the existing systems if the project is an assessment or
upgrade project. Thr< analyst must distinguish which requirements are the most important
and where compromises can be made, if at all. Documentation must be prepared to justify
the selection of equipment if it does not meet the defined selection criteria.
6.2 Job Requirements
The requirements of a job can be defined as the tasks which are associated with a particular
job position and the tasks which are expected to be completed throughout a shift. This
should include operational tasks, communication tasks, the implementation of work control
methods and administrative tasks, and any maintenance activities, if appropriate. Job
requirements may also include the consideration of other aspects such as the organization of
tasks throughout the shift.
Job requirements information will originate from a function/task analysis which defines the
responsibilities and activities to be completed at the facility. Time lines and workload
analyses will generate information about the allocation and scheduling of tasks (see section
6.4 staffing requirements for further detail).

C73
6.3 Performance Requirements
Performance requirements can be defined as those aspects of the tasks and task steps which
are necessary in order to successfully achieve the task goals. They can be categorized into
time, sequence, quality of product, and the error-free nature of performance. The way in
which tasks must be carried out is defined at the detailed task analysis stage, and can be
effectively represented in a tabular format, to allow the analyst to scrutinize the data. A
useful input to the specification of performance requirements however, is the identification
of potential errors and their consequences. This analysis allows the identification for
example, of the fact that a particular error in the production of nuclear fuel will lead to
quality decrements which are unacceptable from the viewpoint of the safe handling of the
fuel.
The specification of performance requirements forms an important element of the training
program. They can be identified as part of the training needs analysis and then they form
the means of measurement of performance throughout the training process. Performance
requirements relate both to classroom instruction and to on-the-job task performance. In
addition to the measurement of achievement throughout the training process, the
specification of performance requirements allows the effectiveness of training to be
assessed post training, assess the need for retraining, and allow data to be collected
regarding human performance for human reliability purposes.
6.4 Staffing Requirements
Staffing requirements may refer to the level of staffing required to man a facility and the
recruitment requirements of those staff. Recruitment requirements can be identified as part
of the training needs analysis. When the skills, knowledge and abilities required to carry
out operational tasks arc identified, they can be categorized into those which are recruitment
requirements and those which will form part of the training requirements. The recruitment
requirements will depend upon the characteristics of the population from which the
employees can be pooled, and so decisions must be made as to whether internal staff will
be retrained to take on new tasks, or whether they will be recruited externally, and if so the
level of education which can be expected should be determined.
The recruitment requirements for staff members at different levels of the employee
hierarchy should be determined. If the facility already exists, modification of these
requirements relating to the new demands of an upgrade or additional duties may be
necessary. If the project is a new design then there may still be an established company
hierarchy to adhere to, or a staff structure which is traditional within the industry, e.g.
operators, special operators, foremen and/or supervisors and then managers. The number
of staff required will depend upon the organization of the staff structure, and the level of
activities to be carried out at each level.
The number of staff within an existing facility which is being upgraded may be determined
by die calculation of the percentage increase in demands within particular duty areas.
Furthermore, the verification of the results can be completed using a time line or workload
analysis technique. If the facility is a new design then estimates may be made based on
experience within similar facilities, again using time line and workload analysis as a
verification, and acknowledging that the process may be an iterative one, where changes
are made later.
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6.5 Training Requirements
The training needs analysis techniques discussed in section 5.11.2 define training
requirements. The organizational analysis defines the requirements in terms of the
organizational mechanisms which are necessary for successful training program
implementation. The task analysis defines the requirements of training program content in
terms of the tasks to be trained, how they are carried out and the skills, knowledge and
abilities associated with them. The person analysis identifies the training requirements in
terms of the level of training which is required for the existing facility staff. The
performance requirements discussed in section 6.3 form part of the training requirements.
The ISD system discussed in section 5.11.1 demonstrates how the training requirements
can be transformed in a training program by the categorization of the activities to be trained,
the structuring of the training content, the development of training methods, and the
development of testing and validation techniques. In addition to the training requirements
themselves, there is a need to establish requirements such as the cost and the scheduling of
training. Staffing levels discussed in the previous section will impact upon the training
scheduling and costs, but it is also important to bear in mind the turnover of staff, to
identify the frequency of training, and to decide upon the level of investment to make. The
scheduling of training will depend very much upon the time available for existing staff to
attend training courses and still maintain the efficiency of an existing system. For a new
design the scheduling will depend upon the availability of the training staff and other
resources, and the target date to commence operations.

7. HUMAN FACTORS TEST AND EVALUATION: METHODS AND
TECHNIQUES
So far this guide has largely discussed human factors analysis techniques which will feed
into the design process but has not addressed techniques for testing and evaluating the
design details once they have been specified. By their very nature, these types of
techniques arc usually conducted towards the end of the detailed design phase or during
construction and commissioning. They form part of the iterative design process in that they
evaluate the existing design details to identify any deficiencies and operability problems, so
that remedial actions can be recommended and the design can be improved before die
system enters the operational phase.
In general test and evaluation techniques enable the future users of the system or equipment
to have the opportunity to try out and comment upon the design features, but test and
evaluation techniques also involve the more formal approach of recording behavioural data
(see section 8 for data collection techniques). The following sub-sections discuss the use
of the some of the more common methods of evaluation.

7.1 Mock-up Trials
Description: Mock-ups are physical representations of the system or equipment, which
arc built to represent certain design characteristics for evaluation. Their purpose is to
provide the user with an idea of the physical appearance or characteristics the system will
adopt when it is built. Mock-ups may be as simple as drawings representing a panel
layout, to cardboard constructions of control room layout, to full-scale mock-ups which
represent the dynamics of a system or piece of equipment.
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The mock-ups can be two-dimensional or three-dimensional, depending upon the purpose
of their construction.
Two-dimensional Mock-ups: A two-dimensional reduced scale mock-up can be used
to assess preliminary workplace layout and equipment layout issues, in presentations and
during design reviews. Two-dimensional full scale mock-ups can be used to assess control
panel layout at a preliminary level and may address such issues as the likelihood of
potential errors, visibility and access issues.
Three-dimensional Mock-ups: Three-dimensional reduced scale mock-ups can be
used for further control panel representation and full scale three-dimensional static mockups may represent the physical interaction between a worker in their working environment.
The full-scale dynamic mock-up can be seen as simulation and is used to assess usability,
interaction, visibility, access and layout issues during the later design stages.
Static and Dynamic Mock-ups: Static and dynamic mock-ups both have a role to
play in the testing and evaluating of systems. Although static mock-ups have their
limitations, they can be used to address issues such as accessibility, visibility and layout
and they can easily be modified. A functional mock-up is able to examine operability and
usability issues but is generally more expensive, requires the analysis of behavioural data
and generally requires the use of subjects with operations experience.
Design Stage: The ideal use of mock-ups is to utilize the different levels of fidelity at
different design stages. That is, the use of two dimensional static mock-ups progresses to
three-dimensional dynamic mock-ups as the design progresses, more design details are
specified and issues to be evaluated move from design to usability and operability
concerns.
Inputs: The data collection methods which are appropriate depend upon the specific
issues to be evaluated. If accessibility or visibility is a concern then subjective data about
the comfort level of the users may be all that is necessary, ensuring that the subjects are
representative of the target user population in terms of their size and their eye sight in this
particular case. If a full-scale dynamic mock-up is used to assess the operability of a piece
of equipment then performance data relating to errors and time taken to complete the task
may need to be recorded. Meister (ref. 10) provides a discussion of different types of
mock-ups, their uses and issues relating to data collection.
7.2 Prototype Testing
Description: A prototype is similar to a mock-up in that it is a representation of a system
which may be evaluated for the adequacy of different aspects of its design and operation.
The difference between a mock-up and a prototype is that a prototype usually represents a
single piece of equipment or computer control system, rather than a working environment
or a number of interacting systems such as in a control room mock-up.
Design Stage: The prototype may commence its life as no more than a mock-up, but as
the design stages progresses, the assessment of the prototype yields increasingly more
detailed design solutions and the system is continually modified according to the
recommendations before producing the next level of fidelity.
Section 5.10.1 provides a discussion of the use of prototypes for the design of a human
computer interface. Prototypes can be used for types of equipment other than computers,
for example it could be used to design manual handling tools or the design of a hoist
system. The process could also be used for the design of a new piece of hardwired
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instrumentation. The issues relating to the use of prototyping throughout the design stages,
the data collection techniques and their outputs have been adequately addressed in section
5.10.1 and will not be repeated here.
7.3 Simulator Testing
Description: Simulation is a global term meaning the representation of tasks and the
observation of actual performance related to this representation. Simulation can be
anything from a paper representation of a panel, through computer simulation of a task, to
a full scale simulator in a nuclear power plant. It can be considered a continuum of realism.
The degree of reality to the actual environment is called the fidelity of the simulator. It
depends very much upon the purpose of simulation, the appropriate degree of fidelity and
how the simulation task will be carried out. For example, if the analyst wishes to examine
the appropriateness of a control room layout, he or she may wish to construct a cardboard
mock-up. If the analyst wanted to assess the impact of control screen display design upon
task performance, a computer simulation may be appropriate, but if the analyst wished to
examine integrated system performance, a full scope simulator may be the only selection.
Purpose: There are few situations where the funding of the project will allow for full
scope simulation, unless a simulator is being built for training purposes, so in practical
terms the analyst must go through a cost-benefit thought process to decide upon the
equipment to be used. Simulation can be used to examine and verify control and
instrumentation design, workplace layout, the effect of environmental features upon task
performance, training, procedures and other aspects of system design and operation.
Simulation can be carried at most design stages, but this is again largely dependent upon
the purpose of the analysis and the required scope of the simulator. Verification of
procedures, for example is likely to be carried out later in the process when the procedures
have been completed, but the examination of workplace layout is likely to be addressed in
the early design stages.
The analyst must carefully design the simulation tasks to suit the purpose for which it is
intended. This will include consideration of the choice of subjects, the design of the task
and the data to be collected. If operations tasks are to be carried out as part of the
simulation, then subjects with operating experience are required, and the task should be
related to activities they will be expected to carry out. If the purpose of the simulation is
merely to examine whether one pushbutton design has more successful activations than
another, then the subjects need not have operations experience and the type of task to be
performed does not have to represent a real task.
Input: Simulation is a method for collecting task data and as such there is likely to be the
requirement for a certain level of analysis, whether it is statistical analysis of quantitative
data or qualitative analysis of the results. Some interpretation of the data is then required to
determine whether the conditions tested have proved to be acceptable. Simulation can
provide data which feeds into other task analysis techniques such as OSDs and tabular task
analysis (see section 5.2.5) and can be used in conjunction with other task analysis
techniques such as structured interviews and questionnaires to provide a more extensive
demonstration of the optimum performance conditions.
Advantages and Disadvantages: The advantage of using simulation is that it may
represent activities which are difficult to observe in a real situation, such as those which
occur infrequently or those which may create hazardous conditions. The simulation
environment is one which can be controlled by the analyst and can either be used to
represent real time, can be slowed down or halted to obtain more detailed data or can be
subject to increased frequency to observe a greater number of the situations under
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examination. Simulation is a useful tool in that it can examine the effectiveness of a system
or part of a system before a larger amount of funding is used to construct the system itself.
It can be considered an advantage that in some cases low fidelity, and so low cost
simulation, is appropriate for the purpose.
The disadvantage of using simulation is that people may behave in an different way due to
the fact they are being observed, which may result in inaccurate reflections of performance.
It is also not possible to create stress which may be a performance shaping factor in the real
situation. If high fidelity simulation is required, the process can be extremely costly. "A
Guide to Task Analysis" (ref. 8) discusses the advantages and disadvantages of simulation
and provides some references for the further consideration of simulation during design and
training.
7.4 User Trials
Description: User trials can be defined as any evaluation activity which consists of
future or potential users testing a piece of equipment or a system to define any difficulties
relating to design and operability. They can be anything from an informal trial, during
which the user expresses views and opinions which are noted and considered by the
analyst and the designer, to structured user trials which measure defined behavioural
parameters in order to assess the acceptability of the design. Usability testing and user
acceptance testing are user trials specifically relating to human-computer interaction as
discussed in section 5.10.2.
Design Stage: User trials can be conducted at most design stages to verify the design so
far but are not likely to be useful at the early design stages when very few design details
have been specified or finalized. User trials may be conducted during the detailed design
stage to test proposed design features, during the construction stage to verify the design,
and during commissioning to ensure the operability of the design.
Advantages: User trials can be considered to be similar to the use of prototypes but may
examine interaction between different systems or different pieces of equipment. The
advantages of their use are the same; the user has a chance at various design stages to have
an impact upon the design process, and to ensure that the system or piece of equipment can
be used as it is intended without operator error as far as possible, and without causing the
user stress or discomfort.
Inputs: The inputs to user trials are design details, the representation of a task which is
designed to assess certain features and the design of the experiment to ensure that
meaningful data is collected. The outputs of the process are data which must be analyzed
and interpreted to produce recommendations for modifications to improve the design. The
techniques used to obtain data may range from the recording of subjective data, as
mentioned earlier, using observation techniques, interviews and questionnaires, to more
formal techniques such as the measurement of reaction time, operator errors and other
performance parameters (see section 8).
7.5 Design Criteria Checklist Evaluation
Technique Description: Checklists are a tool used by the analyst to verify that a design
adheres to certain attributes which have been found to be desirable. The value of checklists
is that they provide a structured and auditable method for ensuring that the design meets
certain criteria. Checklists serve two purposes; to remind the analyst of the desired design
features and to provide a comparison of the design against an expected standard. The
checklist contains a series of statements which describe the characteristics that the design
should possess, and the analyst is required to verify that this is the case. If this is not so,
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the analyst must determine if modification is required. Checklists may be developed from
human factors standards and guidelines into the checklist form, for ease of evaluation.
The design checklist is structured to assess certain groups of features together, such as
colour coding issues, design issues relating to analogue displays and so forth. There are
certain characteristics to which the design of a checklist should adhere: The developer of
the checklist must decide upon the features of the design which are relevant and important
for the particular situation at hand; the checklist statements must be exact and indicate
clearly what information it is seeking; and the checklist statements must all be written in a
positive way and require a YES/NO answer e.g. "the pushbutton should be green" as
opposed to "what colour is the pushbutton?" or "the pushbutton should not be red". The
checklist should contain some available space for the analyst to add information such as a
justification for a design not meeting a specific criterion in this situation, how the design
docs not meet the criterion, and recommendations for modifications.
Design Stage: Checklists are usually used towards the end of the detailed design phase
as a verification tool when design details have been specified, or to assess an existing
design for adequacy. There are a number of disadvantages associated with the use of
checklists however. The checklist is not suitable to answer certain questions such as " is
the system operable?" as this requires the consideration of a combination of factors, rather
than one element of the design. For example, operability may be achieved as a result of the
consideration of anthropometries , colour coding, labelling and the arrangement of controls
and displays. The checklist is only able to examine items which are immediately
observable or measurable.
Advantages and Disadvantages: The checklist only allows YES/NO answers and so
does not consider any item in a more qualitative way. The success of the design is judged
by the degree to which it meets the checklist criteria, so it is making the assumption that all
items on the checklist are equally important. Another difficulty with the use of checklists is
that if a design feature deviates slightly from a recommended parameter, it is not clear at
what point the deviation becomes totally unacceptable. For example, if a checklist item
specifies that a pushbutton diameter should be 10mm and the actual diameter is 8mm, is the
design acceptable? Checklists can be lengthy which may make them time-consuming to
use.
Checklists are a useful way to determine the adequacy of a particular design, and they are
based upon guidelines, standards and recommendations which make them valid. The
analyst may be aware of the unbalanced importance of the checklist items and will be able
to use his or her judgment when deciding which remedial actions have priority. Examples
of some checklists are the control room design, panel design, annunciator design and
control and instrumentation design checklists contained in EPRI3659 (ref. 6) and the
maintainability design review checklist contained in the maintainability guideline document
(ref. 14).
8. COMMON TOOLS OF BEHAVIOURAL DATA COLLECTION
In order for human performance data to be collected successfully it is necessary for the
analyst to develop a plan. This is to ensure that the analyst is adequately prepared to carry
out the data collection and to communicate to others how the exercise has been carried out.
The plan should identify the following:
- the number of data collectors and the activities which must be performed
- a description of any training the data collectors must undergo
- any data collection forms which will be used, and examples should be attached
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- lhe rationale for the selection of the methods (manual data collection is the most
commonly used form but as the task to be observed becomes more computerized, automatic
data collection becomes more feasible)
- description of data collection procedure
- any equipment which is required by the data collectors e.g. tape recorders, video cameras,
light meters etc.
Subjects should be selected based upon the requirements of the test activities, as the
subjects must be representative of the population who will use the system/s. If the
objective of the test is to examine the accessibility or visibility of controls and displays,
then the subjects need not necessarily possess operational skills, but they must be
representative of the body size and quality of eyesight of the user population. If however,
the operability or usability of a system is being tested, then operations staff will be
required. A certain level of experience is required in order for the subjects to represent a
particular level of relevant task performance, but there may be differences in data according
to the level of experience and training of the subject, and so a sample of subjects from
different training and experience levels would be appropriate. If the system is a new design
then the subjects must receive equal amounts of training before completing the tasks. The
analyst will need to consider an appropriate number of subjects to use in order to ensure
that the results will be useful.
One of the constraints associated with collecting behavioural data is that the analyst may
find that there is an inverse trade-off between the level of control s/he can exercise over the
scenario and the level of fidelity of the situation. In addition it must be acknowledged that
performance may be affected by the very fact that the subjects are being observed. The
motivation and interest of the subjects in the test or evaluation is an important contributor to
the success of the data collection exercise.
The test plan should include the consideration of appropriate data analysis techniques. If
this decision is not made until later, the analyst may find that the data collected is not
sufficient or adequate for the purposes of the analysis. Meister (ref. 10) lists some types of
data which can be collected:
- error data
- time-related data
- tasks completed and aborted
- communications recordings
- logistics data
- self-report data such as questionnaires and ratings
Meister considers that there are three types of data analysis. Verification analysis compares
personnel performance with a system requirement or performance standard. Special
conditions analysis examines human performance in certain conditions such as performance
of a task in different lighting levels, and this type of analysis may use standard statistical
techniques such as analysis of variance. The third data analysis method is descriptive
analysis which consists of qualitative data, and forms an important part of successful user
testing.
Data collection techniques can be usefully categorized into objective and subjective data
collection techniques, each of which have a valuable part to play in the assessment of
systems. The following sections discuss the differences between objective and subjective
data and how both can be used.
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8.1 Objective Measures
Objective measures are those data which are not based upon personal impressions but take
a quantitative form and are a direct result of the examination of performance characteristics.
Examples of objective measures are reaction time and number of errors. The objective
measure is only meaningful if it is related to a specific performance requirement. Objective
data collection activities are more likely to be used at later design stages when design details
have been specified and the system can be simulated and/or mock-ups and user trials can
take place. One of the benefits of using objective measures is that it will yield data upon
which statistical analysis can be completed. Statistics often inspire confidence in people as
a justification of design decisions (be it correctly or incorrectly).
The analyst must ensure that the objective measures selected are directly applicable to the
evaluation that s/he wishes to carry out, that the data can be analyzed and transferred into a
meaningful interpretation of human performance. Analysis of the results is required to
construct appropriate recommendations which will improve performance. The
modifications can then be verified for suitability by retesting using the refined system to see
whether the results are significantly different.
The following subsections discuss some of the objective measures available for data
collection, and discusses their usefulness.
8.1.1. Direct Observation Activity Sampling
Description: Activity sampling is a measure of the amount of time (and sometimes
frequency) that is spent on different types of activity within a task (see ref. 8). The
purpose of this type of data collection may be to provide an input to a time line analysis, to
assess the emphasis on certain task elements for training purposes and may assist in the
examination of job organization issues, such as the determination of appropriate activity
spacing, or the determination of time spent on activities other than the primary function of
the task/s. This may result in decisions relating to the reallocation of tasks.
Input: Some tasks are not suitable for activity sampling. Examples are tasks which
would take place so rapidly that data recording would be difficult, or a task that involves
elements which are not observable such as decision making. This technique is not resource
intensive to carry out but requires a lot of preparation time to ensure the results are useful.
The analyst will need to become familiar with the task and task elements prior to the data
collection in order to categorize the activities to be sampled, and to decide upon suitable
sampling intervals. The analyst may use task analysis techniques such as charting
techniques to develop an understanding of the task.
The analyst must determine a sampling schedule which will yield meaningful data.
Random sampling will only give limited information so it is advisable to determine
appropriate regular sampling intervals, and decide upon the total duration of the sampling
activity e.g. until a specific task is completed, or a shift is completed. The subject should
be aware of the fact that s/he is supposed to perform the task as usual. The analyst should
use some form of automatic prompt to tell him or her when to begin and end the sampling
period, and a data sheet to record the results should be prepared beforehand. The data
sheet may take the form of a simple list of activities along side which a tally mark is placed
each time during the sampling period an activity is carried out. A more complex format can
be used to record the sequencing activities as well as the number of times a task is carried
out.

C81
Advantages and Disadvantages: The advantages of this technique is that it requires
little active input on the part of the subject and is therefore not intrusive, and although some
preparation time is required, it is not resource intensive. Data classification takes place
during the preparation of the evaluation and so it minimizes interpretation during data
collection itself. The technique assists the analyst's understanding of the activities
completed by an operator and their emphasis, and it can also reveal a number of non-task
activities which take up a visible proportion of the operators time. The disadvantages
associated with the use of this technique are that if classification of task elements is not
performed adequately during preparation, the results will not be meaningful, and complex
tasks may significantly expand the amount of time required for data collection. Activity
sampling does not address the cognitive nature of tasks, and there is a risk of
misinterpreting the data as frequency does not necessarily indicate importance.
8.1.2 Continuous Data Collection
Continuous data collection is simply a process of recording activities over a specified time
period, which may be a shift length or another period of time. It consists of observation
activities and logging the data in some way. The data can be logged by hand using a
clipboard or using more sophisticated tools such as video recorders. The continuous
observation can be used in the assessment of an existing system or during the design stages
of a new facility or system, to observe test activities performed on a mock-up or during a
simulation task. This means that this technique of data collection is likely to be used during
the late detailed design stages as a verification of the design, or during construction and
commissioning to test the usability of a system or a piece of equipment.
Input: In order for the data to be meaningful, the analyst must invest some time in the
preparation of the data collection activity. The purpose of recording the data must be
clarified. For example, what data must be recorded? Do I need to know the frequency of
certain activities, the type of activities which are carried out, detailed task characteristics,
the use of equipment or levels of skill and training? The analyst should be familiar with the
task before performing continuous observation to ensure that the best method of recording
the data is defined, and any task element classification which is required is performed
beforehand.
Advantages and Disadvantages: This can be a simple technique for data collection,
which has the advantage of representing a wide range of activities as it spans a long period
of time. The disadvantages are that the observer need to be familiar with the tasks which
are being observed in order to maximize the potential for recording meaningful data, and it
can be a very time-consuming activity. The continuous nature of the data collection
exercise means that some of the time can be considered unproductive time. In general it is a
useful technique in that it allows the analyst to obtain data from real time performance,
which generates qualitative data about the working environment such as indications of
stress, or the existence of a teamwork spirit.
8.1.3 Reaction Time, Duration and Accuracy as Performance Measures
Reaction Time: Reaction time (RT) is the time between the occurrence of an event or the
presentation of a stimuli, and the commencement of a response by the recipient. The
reason for recording this data is to see how quickly a person can react to a particular
situation, but this is only meaningful if there is a job or performance requirement relating to
speed of response. If the reaction time required of an operator is very short then it may be
difficult to measure, and the analyst must decide whether the task demands exceed the
capabilities of the operator. There are certain characteristics of the stimulus which will
impact upon reaction time; reaction time is likely to be slower for unexpected presentation
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of stimuli and for stimuli which are only presented for a very short time. Another difficulty
in recording this type of data is that RT may be a covert activity; that is, the operator may
wait until he has identified or classified the object before responding and so it is not a true
measure of reaction time alone.
Duration of Activity: Duration is the time from the initiating stimulus to the time when
the required response has been completed. It includes reaction time and the execution of a
response. Again, the data collected must be specific to a particular performance criterion.
An example of such a situation may be an activity which has to be completed by an operator
in an emergency scenario during the time it would take for a fuel meltdown to occur.
Excessive task durations may be used as indications that there is a problem either with the
comprehension of a trainee or with the system design in some respect. Task duration data
will provide an input to time line and workload analyses. One problem which may be
experienced by the analyst is the difficulty of measuring task duration when a series of
tasks run into each other without a clearly defined break or cue. In addition some task
durations may include time for the system to respond or process user commands. The
separation of the two task times may not be desirable however.
Accuracy: Accuracy or human error is the most common form of measurement used. It
can be used to measure human performance against certain criteria which may be part of
training activities, to analyze training effectiveness or assess retraining needs, or part of
performance verification during the operating phase of the system. The measurement of
human error can also be used to demonstrate design inadequacies during design verification
or system assessment. It is not a sensible goal to eliminate human error as some errors will
occur because of the variability of human behaviour, but the aim of a system designer is to
reduce the likelihood of error as far as possible. It is essential to record the consequences
and potential error recovery mechanisms in order to make cost benefit decisions about
suggested modifications to system design. If an error has consequences which do not pose
a safety threat and it is potentially recoverable, it may not be worth addressing unless the
solution is simple to implement.
The main aim of recording human error data during the operating phase of a system is to
prevent future errors, but this is not easy to do as a reliance is placed on the person
committing the error to report it. There is a general reluctance to do this and subsequent
investigations do not always uncover the quality of data which is necessary to determine the
root cause of the incident and prevent it from happening again. The following are some
suggestions contained in Meister (ref. 10) of manual methods of collecting error data:
- if potential errors are defined and categorized prior to performance, the analyst can check
them off as they occur
- the analyst could observe the tasks and record any errors which are made
- the analyst could use the procedures to tick off each task step and note whether it was
completed correctly or not.
The problem with recording operator errors is that a great deal of time would have to be
spent collecting data in order for the data to be valid.
Section 5.12.2 discusses the identification and classification of potential human errors both
for qualitative assessments and to feed into HRAs.
8.2 Subjective Measures
Subjective measures are those which involve the recording of qualitative data rather than
quantitative data, and it consists of the views and opinions of a sample of the target user
population in order to represent, as far as possible, the potential variation in views and
opinions about a particular subject. Subjective measures are often used in conjunction with
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objective measures so that they may provide some validation of each other. Subjective
measures can be prone to bias due to the fact that they are a product of different peoples'
experience, but on the other hand they capture a lot of useful information that the recording
of objective data may not. There may be certain circumstances where a design promotes
effective performance, but there is another suggestion which would be equally effective but
preferable to the operators for some reason. In addition, the users of the system are the
best people to recommend solutions to defined problems or deficiencies.
Although the data obtained in this context are subjective, it is still important to provide a
structured way of collecting the data and representing them in a meaningful way so that the
results and recommendations are definable. The following sub-sections discuss five
different ways of collecting such data.

8.2.1 Interviews
Description: Interviews can be described as discussions with users or potential users of
a system to find out their views and opinions about the operability of a design or design
alternatives. It is a technique therefore, which is most useful for an assessment project or
the detailed design stages of a project where the use of a mock-up, prototype or simulation
can be evaluated. It is usually carried out on a one-to-one basis with an interviewer and an
interviewee, and the interviewee is usually a subject matter expert (SME), unless the
interviewer wishes to obtain information specifically about a trainees difficulties in learning
to operate a system.
Interviews can be used to obtain general information about the content, frequency and
sequence of tasks at the beginning of a task analysis, and in such a situation may be fairly
unstructured. They can be used in a more structured way to supplement the task analysis
with specific details after it has been carried out. The interview can also be used in the later
design stages during test and evaluation activities. The results may provide an input to
design, training and the writing of operating instructions as well as other features such as
job design or work control methods. A discussion of the use of interviews can be found in
"A Guide to Task Analysis" (ref. 8), "Human Engineering Procedures Guide" (ref. 3) and
in Salvendy (ref. 20).
Data Collection: Some preparation is required prior to the interview in order to ensure
that it collects data suitable for the purpose it was intended. The preparation should involve
the identification of the purpose of the interview and the type of information it is intended to
elicit, the definition of a structure for the interview to follow, and the identification of the
subjects for interview. The interviewer should possess communication skills, have some
knowledge of the subject area and be confident in his or her approach. The questions
asked may be the YES/NO answer type or they may require more detailed information, but
die interviewer should consider the possibility of introducing bias by leading the
interviewee to answer a question in a particular way. The anonymity of the interviewee
should be considered. The resources required to carry out this technique are minimal and
the technique has high face validity.
Advantages and Disadvantages: The main advantages of this technique are that it is a
simple technique to use which can be carried out in the workplace, and it elicits the
opinions of those people who do or will operate a piece of equipment or system. There is a
large amount of flexibility in the use of this technique as the interviewer can pursue a topic
area further if s/he thinks there is some interesting information to be obtained, or add
questions, the relevance of which has become apparent during the interview. The presence
of the interviewer ensures that any ambiguity or lack of clarity in the question phraseology
can be immediately resolved. Although the technique is simple to use, the analyst should
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realize that it may be time-consuming due to the number of interviewees. There may be
some unwitting introduction of bias on the part of the interviewer and there also may be
some effects resulting from the difference in perceived status of the interviewer in
comparison to the interviewee.

8.2.2 Questionnaires
Description: Questionnaires consist of the presentation of a specific set of questions on
a form, in a set sequence, which are administered to a defined sample of the target
population. It is a highly structured technique for obtaining information about attitudes,
preferences and opinions. Like the interview, the questionnaire can be used to obtain data
about existing systems in an assessment project, about simulated systems during test and
evaluation, and about systems which are undergoing commissioning. They can be used to
obtain information about design preferences, but also about management and work control
systems, about safety philosophies and priorities, training and other factors affecting the
successful operation of a facility.
The construction of questionnaires is a very important step as it will impact upon the
successful collection of information. Questionnaire design may follow this process:
- preliminary planning
- selection of question form
- development of the question wording
- formulation of the questionnaire
- pretesting
- administering the questionnaire
- quantifying and analyzing the data obtained
A discussion of the use of questionnaires and rules and principles for their development,
can be found in "A Guide to Task Analysis" (ref. 8), "Human Engineering Procedures
Guide" (ref. 3) and in Salvendy (ref. 20).
Data Collection: There are four basic question types that can be used; open ended or
free answer; dichotomous or two way answer; multiple choice; or rating scale. The analyst
must select the most useful form of question for the purpose in hand. Each choice has
advantages and disadvantages. The wording used in the questionnaire is very important to
avoid ambiguity and make clear what information is being requested; poor wording
accounts for the greatest source of error in the use of questionnaires. The format used and
the sequence of questions will affect the understanding of the subject.
The questionnaire should be tested on a small sample before being administered to the
target population, so that improvements and modifications can be made. Questionnaires
can either be completed with the analyst present or not present. The latter is perhaps
preferable as it may reinforce the anonymity of the approach and remove the urge for the
subject to rush if the analyst is waiting for completion of the questionnaire. The output of
the questionnaire is a series of subjective words or phrases which must be organized in
some way to make the results meaningful. Information may be quantified to demonstrate
the frequency of specific responses. Proportions or percentages may be used and results
can be arranged into a tabular form . The analyst must the decide upon recommendations
for design or operations activities which are supported by the questionnaire responses.
Advantages and Disadvantages: Advantages associated with the use of this
technique are that it can be administered simultaneously to a group of people and they can
be completed at their own leisure. Questionnaires can prevent the subject from moving off
to another topic by the use of closed questions, which may result in less data reduction
being necessary. Anonymity can be ensured. There are some disadvantages however.
There is less flexibility than with interviews so some interesting data may be lost in terms
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of insights into certain issues. There is a danger that the subject will not grasp what is
expected of them in terms of a response and so there may be individual interpretations of
the question. The use of questionnaires requires a large pool of subjects and there is
always a certain percentage of those who receive the questionnaire who do not respond.

8.2.3 Surveys
Description: The survey is a technique for gathering information about the frequency
and distribution of certain opinions, characteristics or relationships between characteristics.
The incidence survey is concerned with the determination of the incidence of a particular
view or characteristic, for example the determination of the number of training staff with a
background in nuclear operations. The group comparison survey aims to obtain
information about the relationship of two or more characteristics. For example, a
hypothesis may be proposed that amount of down-time of a facility directly correlates with
the number of human errors recorded within the nuclear industry. A panel design (as it is
called ) can be used to represent the change of data over time. This would be suitable to
examine the last example over different years of operation. Where multiple variables are
used, the survey adopts a cross-sectional design. Meister (ref. 10) explains the differences
between the survey designs and gives some useful examples.
When carrying out a survey the most important issue is the identification of the required
characteristics of the population and the definition of the sample size. In order to survey
the number of training staff with operations background it would be suitable to survey staff
from nuclear power plant research facilities, and other nuclear facilities such as fuel
fabrication and waste treatment plants. It is also necessary to specifically define what is
meant by training staff i.e. are the facility OJT trainers and the SMEs involved in training
development part of the survey. The sample size should be sufficient to obtain meaningful
data. Meister (ref. 10) gives some guidance relating to the determination of sample size,
and the steps to complete in order to carry out a survey.
Data Collection: The data generated must be statistically analyzed in some way to give
meaningful results which can be interpreted. This can be performed using correlational
statistics, and must then be translated into recommendations for improvement or some form
of action plan. It is important to realize that correlation does not demonstrate causation;
other alternatives must be eliminated if this is to be determined.
Advantages and Disadvantages: Although this technique is a way to collect factual
data, it requires the use of experimental design principles to ensure that the data collected is
representative and valid. It is not a method which would be widely applied during the
design process of a new facility, but would be more useful for an assessment project where
areas of concern require exploration. Surveys can be used to obtain preferences relating to
certain design aspects during test and evaluation, but it is more likely that a questionnaire or
interview technique will be used as they are likely to obtain more qualitative data which can
be interpreted into design recommendations.

8.2.4 Rating Techniques
Description: Rating scales are a form of psychometric scaling using successive scale
intervals. It is a widely used technique due to the fact that almost anything can be rated and
requires only the use of paper and a pencil. Ratings are used for a variety of purposes,
including the following:
- to evaluate job performance or to discuss a person's suitability for a job
- to measure the quality of performance or a particular attribute relating to performance
- to assess the adequacy of a feature of system design
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- to evaluate the effect of a task condition upon task performance
- to evaluate the success of the output of performance.
Rating scales are therefore more useful within assessment rather than design, but can be
used to transfer information from existing systems to new designs and for the verification
of design, training and other performance issues for new systems.
The rating scale can vary in a number of ways:
- the number of subdivisions on the scale
- the way in which the division variations are defined or described
- the level of response required by the rater (a simple selection of a point on the scale or an
additional indication of frequency)
- the method of development of the scale (based upon expert judgment or observed
incidences).
Types of Rating Scale: There are a number of different types of rating scales. The
graphic rating scale is represented by a continuum from which the rater is asked to select
the most appropriate point. For example a frequency rating scale may be labelled from
never at one end, through seldom, sometimes and generally, to always at the other
end of the scale. The Behavioural Anchored Rating Scale (BAR) includes anchoring
illustrations at regular intervals along the scale to represent a benchmark and assist the rater
in his or her decision. It is based on an examination of critical incidents or incidents which
possess qualities which make them relevant to the issues under examination. The Mixed
Standard Scale (MSS) permits the examination of performance parameters by the
description of three performance levels from good to poor performance, and the rater is
asked to state whether actual performance conforms to, is better than, or worse than, the
particular description displayed at any one time.
The Behavioural Observation Scale (BOS) is similar to BARS but BOS is deemed to be
more simplistic, requiring only that the rater specifies the frequency of a certain aspect
within observed behaviour. It does depend upon accurate descriptions of the behaviour to
be rated. The Forced-Choice Rating (FCR) technique requires the rater to select an option
from a set of alternative descriptions of behaviour which best represents the observed
behaviour, or the rater may be asked to select the option which is most and then least
descriptive of the observed behaviour. These are just some examples of rating scales.
Meister (ref, 10) provides more detail about how these scales are used and the pros and
cons associated with each.
BARS has been quite widely used but is criticized for being tedious to produce, especially
in comparison with the graphic rating scale. FCR was shown to be equally as useful as the
graphic scale technique but the extra effort required to carry out the former was not thought
to be cost effective.
Potential Errors: Typical errors which can be made during the use of rating scales are
those of leniency, sequential effects, distribution and intercorrelational error. Leniency
refers to the tendency to gravitate towards the more positive end of the scale. Sometimes
the opposite occurs but it is more difficult to identify. Sequential effects are those caused
by the results of previous ratings, but randomization of presentation may resolve this issue.
Distribution errors cause ratings to gravitate towards the centre of the scale, but training in
scaling techniques may improve the situation. Intercorrelational error or halo effects result
in ratings which deviate very little from each other which represents an inability to
distinguish between the characteristics of the dimension under consideration.
Advantages and Disadvantages: Research has shown that rating scales are more
effective when the scale division descriptors represent observable behaviour rather than
more intangible qualities e.g. it is easier to rate the frequency that a particular posture is
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used than to rate discomfort. There appears to be no benefit in the use of a scale which has
less than three or more than five scale divisions. One of the most difficult aspects of
developing a rating scale is to determine scale division descriptions, which represent equal
distances from each other and can be described in a clear way.

8.2.5 Scaling Techniques
Description: Scaling is the process by which numbers are assigned to objects, events or
properties so that the relationships between them are represented. It is not easy to assign
numbers or ranking to psychological mechanisms, but is a way of structuring or
formalizing information so that it is meaningful in some way in relation to the design or
operations aspects of a system. There are a number of different scaling methods. Subjects
can be asked to rank a number of items in terms of a particular property, for example to
rank design deficiencies in terms of the extent of the detrimental affect it may have upon
human performance. The paired comparisons technique arrives at the same end as ranking,
but the ranking in a paired comparisons exercise is achieved by the presentation of all
possible pairs of items, with the subject selecting which item will have a greater impact
upon performance than the other, for example. In this case the consistency of response is
an important factor in the reliability of the results.
Data Collection: It is possible to scale items by sorting them into categories which have
a specific qualitative description, for examples errors which are less likely and errors which
are most likely to cause performance decrement. Rating can also be considered to be a
scaling technique but it will not be discussed further here as it has been addressed in the
previous section. Fractionated methods require the subject to assign numbers to an object
in accordance with their subjective opinion, given a standard with which to make a
comparison. Fractionation has been demonstrated to be less subject to fatigue than paired
comparisons, especially when there are a large number of judgments to be made and it
seems to be a more reliable technique in general. Paired comparisons may be useful
however, if consistency of response can be demonstrated.
Advantages and Disadvantages: Scaling techniques are not very useful for new
designs, except in the verification and test and evaluation stages, but can be useful to elicit
opinions about existing designs and operational aspects. It is a useful technique to focus
upon human factors problem areas or identify situations in which people's perceptions of
the way in which a facility is operated, or the success of the operation, differs from reality
and why this is the case. Meister (ref. 10) gives a more detailed description of the various
scaling techniques and their theoretical basis.

9.

DESIGN INTEGRATION CONSIDERATIONS

It is essential that the output from human factors analyses is integrated into the design
process, so that the information and recommendations actually have an impact upon design.
There is little point in completing the analyses if no mechanisms exist to ensure that the
relevant groups working on the project are aware of the outcome and utilize the information
to make improvements. Design integration is the subject of another guiding document (ref.
16), but is discussed briefly in this section to give the user an introduction to the issues
which are relevant.
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9.1 Selection of Design Review Techniques
Human factors specialists ideally arc involved in the process of design from the beginning,
but there is still a requirement to review the design during the later stages to ensure that it is
still compatible with user requirements, and with other design aspects which have been
developed since the earlier stages. During an assessment project, design review will assist
in the identification of specific issues which require resolution and will allow the analyst to
target certain deficiencies, develop a plan for resolution and make specific
recommendations for modifications.
There are a number of ways that a review may be carried out. The review may be informal
and consist of a walk around die facility to examine design and operations aspects, with a
view to identifying deficiencies which must be addressed further. Alternatively the review
may consist of the use of structured auditing techniques. The most common technique
used for auditing is the checklist Checklists consist of a list of features which are essential
or desirable for a certain aspect of design or operation. For example checklists exist for the
design of control and instrumentation, and for workplace layout and workstation design
(EPRI3659 - rcf. 6). Checklists will not be discussed further in this section as they have
been addressed in section 8.1.4.
Audits are a useful way to examine operational aspects as well as the design aspects of a
system. Audits are used to assess the extent of compliance to safety rules and regulations,
for example, and to assess the effectiveness of work control methods and other issues
which are related to management of the facility. During the design process itself, mockups, prototypes and simulation are used to review aspects of design and the usability of a
system. These techniques have been addressed in section 5 of this guide and so will not be
detailed in this section. There are however two additional tools which it is worth
discussing that will assist the analyst in design review activities: design drawings and
visibility diagrams.

9.1.1 Design Drawings
Engineering sketches and drawings may take a variety of forms; they may represent a
workplace layout, panel design, detailed equipment design and pipe and instrumentation
configuration. With the exception of the pipe and instrumentation diagram (P&IDs), the
drawings arc usually to scale and contain information such as dimensions and distances,
materials, finishes, directions for assembly and any other relevant properties of the
equipment. Human factors specialists usually review drawings created by other members
of the design team but can use drawings themselves to assess the adequacy of some aspect
of design. For example, a drawing may be constructed to assess whether a workstation is
adequate according to the anthropometries of the target user population, and whether the
displays are contained within the appropriate visual envelope of the operator.
If the human factors analyst is producing drawings s/he should be aware that it may require
the ability to project views and cross sections of the workplace, and understand and use
perspective. The ability to accurately prepare drawings may save time and effort during the
development of mock-ups. If the human factors specialist is reviewing drawings
completed by others, it is essential that s/he understands the techniques used to represent
certain aspects of design and the meaning of the symbology used. For example, die analyst
would need to be familiar with the valve, pump and other symbols on the P&IDs in order
to understand the process flow.
If drawings arc to be used as part of the review process, those project team members to be
involved in the review should be explicitly identified and their purpose for the review
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should be defined. It is essential then, that there is some form of sign-off process which
ensures that the review has been completed by each person, and resolutions have been
agreed upon between the reviewer and the originator of the drawing. Drawings could be
used during the early design stages to suggest preliminary workplace layouts, and they can
be used during the detailed design stages to examine panel layouts and equipment designs.
Drawings can also be used to assess existing systems and equipment either later in the
design stages or to improve an existing design.
9.1.2 Visibility Diagrams
Visibility diagrams are special types of drawings which represent the viewing capabilities
of the operator in a working environment. Recommendations exist within human factors
guidelines which specify the size that displays and controls must be in order to be visible
from specific viewing distances, but this data presupposes that the display or control is
positioned directly in front of the operator's line of sight. Visibility diagrams address the
positioning of instrumentation in relation to the estimated position of the eyes. The position
of the eyes is referred to as the operator's eye reference point (ERP). The visibility
diagram is a representation of stimuli to the left and right of the operator's ERP, and above
and below the ERP.
Visibility diagrams may be constructed using drawings and photographs of the work area,
panels and instrumentation. Through the use of geometry techniques the analyst measures
the angles from the ERP to significant items at the interface, and they can be assessed for
their acceptability. For example, it is possible to assess whether the most important
displays and controls are located within the primary viewing envelope, which is considered
be the 30° below the horizontal line of sight. It may be necessary to determine in a control
room scenario whether certain less important information can be noticed using peripheral
vision. This may be represented on the diagram. Further information about the
construction of the visibility diagrams is presented in the "Human Engineering Procedures
Guide" (ref. 3).
Visibility drawings will be used during the detailed stage of workstation design and panel
layouts to design the workplace layout and to verify the design once it has been specified.
As with other drawings, visibility diagrams can be used to assess existing systems in order
to define and resolve problems.
9.2 Liaison with Other Project Team Members
Liaison between the different members of the project is an essential aspect of project
coordination to ensure that the design progresses in an efficient manner. The purpose of
the inclusion of human factors is to ensure that the design is suitable for the capabilities and
limitations of the user. The analyst must therefore take the users' views and opinions into
consideration by continued liaison with the existing users or prospective users of the
system under design or assessment. This will take the form of consultation as to how,
equipment will be operated, the potential difficulties and possible errors associated with the
use of the equipment, and any particular preferences or design suggestions which would
improve the system. This can take place as an informal process (which is more likely
during the early stages of a project) or formally, as in the provision of input to task
analysis, the use of observation techniques, interviews and questionnaires, and the
involvement of operations staff in test and evaluation exercises, and commissioning
activities.
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It is necessary to take into account the additional time required for operations personnel to
provide an input to human factors activities, during the project planning stages. This aspect
is discussed more fully in the Program Planning Guide (ref. 15). The same consideration
should be given to liaison between the designers and the human factors specialists.
Additional time will be required for the necessary communication to take place. This
communication will ensure that the system design takes into account human capabilities and
limitations, by the provision of human factors input directly into the design process and by
the review of designs. It will also ensure that the operations team are aware of and can
comment on the design intent. Traditionally a number of mismatches between the way in
which the designers believe a piece of equipment will be operated and the way in which the
operations staff believe it will be operated, are not discovered until the late stages of design
when it is expensive or difficult to make modifications. The presence of both design and
operations staff is required to develop mock-up and simulation studies, to ensure an
accurate representation of equipment and tasks.
Liaison between the designers, the operations staff and the human factors specialist is
required throughout all of the design stages and for all human factors activities. The
development of the training program should include liaison with the training staff. It may
be the case that the needs analysis will be conducted primarily by a human factors specialist
with input from a member of the training staff. It is also likely that the training program
development resulting from the needs analysis will be completed by a member of the
training staff, with input from the human factors specialist. However this is carried out, it
will be cost effective for the two disciplines to work together to ensure that training meets
the requirements of the operator.
Interaction is required between the safety analysts and the human factors specialists to
ensure that operator error is adequately accounted for, and to ensure that the human factors
specialist has an understanding of the important safety issues and how human performance
will impact upon system safety and availability. Input from design and operations staff is
once more very important to ensure that the operation of equipment is accurately
represented.
The process of interaction between project team members should be identified at the project
planning stage. The project team should be made aware of the responsibilities of its
members, and expectations relating to when and how they should interact should be
defined. That is, the issues upon which the team members must liaise, the stages in the
process or the activities when specific interaction is required, the form in which the
interaction should take place, how the interactions and the results of the interaction arc to be
recorded, should all be specified in a project planning document. This will ensure that each
team member is aware of what is expected from them and what they can expect from the
other team members. The "Guide for (lie Development of a Human Factors Program" (rcf.
15) discusses this topic in more detail in the design integration section, and proposes the
use of a design issue tracking report to monitor the progress of design recommendations
and modifications.

9.3 Human Factors Training for Design Team Members
It would be useful for some human factors training of the design team members to take
place before the commencement of the project to ensure the smooth conduct of human
factors activities and the successful implementation of the results into the design process.
The training should be designed to raise the awareness of the project team by providing
them with an understanding of what human factors is and what issues arc addressed using
human factors principles. This will encourage a level of support for the human-related
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issues and ensure that the team members will understand why they must incorporate human
factors issues, and how it will impact upon their responsibilities.
The design team members can be encouraged to consider human factors principles
themselves, while carrying out their activities, which will improve the efficiency of the
design process. They should also be aware of when and how a human factors specialist
may be included in the effort, to ensure the usability and efficiency of the design. It is not
necessary therefore, to teach the team members everything there is to know about human
factors but to give them a general feel for the issues which will affect their part of the
design process. (Many people still think that human factors only refers to the design of
chairs for comfort).
General training communicating the definition of human factors and discussing the subject
areas that it encompasses, should be administered to all project staff. More specific training
would be useful for the different project team members according to their discipline. For
example, the training staff may be exposed to a general level of awareness of the use of
needs analysis and how it interfaces with their responsibilities. Equipment and
instrumentation designers may be made aware of the purpose and use of task analysis and
the existence of human factors guidelines relating to the choice of instrumentation, size,
layout, colour coding etc. Safety assessors should receive training relating to the
importance of human error and how it can be incorporated into their equipment reliability
studies to provide overall assessments of failure probability.
The training of the project staff in this area should be planned prior to project
commencement, with specified goals, content and a budget for implementation. The
project manager should be aware that this exercise is worth the investment to ensure that
project organization and coordination will effectively integrate human factors concerns into
the design and assessment process.
10.

CONTRIBUTION FROM HUMAN FACTORS ACTIVITIES DURING
THE DESIGN PROCESS

The output from human factors activities has a part to play in each stage of the system life
cycle, although the earlier human factors expertise is introduced, the more efficient will be
the integration of human factors issues. The following subsections discuss the general
contribution which can be made at each of the design stages in the system life cycle.
10.1 Design And Development
It is essential to introduce human factors issues into the design process rather than waiting
till the system is operating before observing and then rectifying deficiencies. The latter is
likely to be an expensive and inconvenient process. During design and development,
human factors input ensures that the functions of the facility and the tasks required to be
carried out within the facility are explicitly identified, with the purpose of designing a
facility that meets the operational requirements. Human factors input will ensure that an
interface exists between those who are designing the facility and those who will be
operating it. That is to say that the prospective operators will be aware of the design intent
of the systems and equipment and the designers will be aware of exactly how they will be
operated and any characteristics which may cause performance decrements.
The examination of system functions, the tasks to be carried out within specified work
areas, and knowledge of the capabilities and limitations of human performance, will ensure
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that human factors analysis are able to interface with the rest of the design team. This will
result in a layout of the workplace and the instrumentation on panels which offers an
efficient representation of sequence of job tasks as far as possible, and eliminates
unnecessary effort and stress. The human factors input will ensure that the design of the
workplace allows for the access, reach and visibility of the target system users, and that the
environmental conditions are optimized for human performance. The human factors input
will also ensure that controls displays and pieces of equipment are designed to meet task
requirements, and conform to guidelines which will promote their usability. Knowledge of
human capabilities and limitations applied to the design process will attempt to eliminate
any tasks requirements which will exceed physical demands and which have the potential to
lead to workplace injuries of any type.
Human factors input to training program development will ensure that training is based
upon the actual activities the operators are required to perform, and the way in which they
are performed, in addition to ensuring that effectiveness is tested and training modified
accordingly. Human factors input to the development of operating instructions will also
ensure that the procedures represent the way in which the tasks are carried out within the
working environment and are designed to be thorough, specific, concise and informative in
order to assist the operator.
Knowledge of the task demands of the personnel within the facility will enable human
factors specialists to assess workload and make judgments about the number of staff
required and other job organization issues. Human factors input to reliability analysis will
make use of all of the above knowledge about the design and operation of the system, to
estimate the likelihood of failure of the system to safely achieve its goals, and perform cost
benefit analyses to support design change decisions.
In essence, human factors input to the design and development phase of the system life
cycle implements the consideration of the human in design, to optimize the interface
between the workers and their tasks, between the workers and other workers, and between
the workers and their environment.
10.2 Commissioning
There are certain activities which improve the safety and efficiency of system operation but
which cannot be carried out until the construction and commissioning phases of system
design. During the design process these issues should be documented in a centralized
form, and a commissioning plan should be produced to ensure that these activities are not
omitted. The plan should describe the issue of concern, how the issue originated, how the
issue can be examined during commissioning (commissioning procedures), who will be
responsible for carrying out the work and when it will be completed. The process for
implementing recommendations and modification used throughout the design process
should be used or altered for use in the commissioning stages.
The types of issues to be addressed during commissioning may be issues that can only be
examined when the actual working environment has been constructed. For example,
environmental issues such as temperatures and lighting can be specified during detailed
design, but must be tested during commissioning to see if the specified conditions have
been achieved, and if they are appropriate for the tasks to be carried out in that area.
Another example is that of procedures development. Operating instructions will be
produced, based upon design and operations information obtained during the detailed
design stages of the project, but it is essential that they are pilotted before operating begins.
This can be done by requesting that the future operators walk around the facility using the
procedures to ensure all essential information is included, and that they are easy to use.
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There may be some design details which do not become available until the later design
stages and so verification of the design may be necessary during commissioning. The
usability of specific pieces of equipment can be tested in the working environment during
commissioning and reach, access and visual capabilities can be verified. The personnel
who will be operating the facility will undergo training during this period to prepare for
operation. Modifications can still be made to the training program at this stage if it is
deemed to be necessary. The commissioning stage provides a last chance during the design
phase to iron out problems and prepare the system before the operating costs are incurred.

10.3 Operations
The role of the human factors specialist does not cease as soon as the system becomes
operational. System development is an iterative process which does not stop until the
system has been decommissioned. There may be many issues and deficiencies which do
not become apparent until the system is operating, and even then, there may still be some
inadequacies which are not revealed until a specific set of unpredictable circumstances
arise. Mechanisms must be developed and implemented to ensure that the system continues
to operate in a safe and efficient manner.
One of the most obvious ways in which system evaluation should continue is the
recording, investigation and follow up of abnormal occurrences. There needs to be a
system which encourages the reporting of incidences, and as far as possible near miss
incidences, with a view to preventing accidents. The investigation and follow up process
should include the identification of human error, human error causes and the identification
of means to prevent, recover from, or as a last resort ameliorate the consequences of such
errors. It is useful to collect human error data which has been classified according to its
root cause, in order to assess the reliability of systems, update the safety case, and for use
in future designs.
An engineering change procedure should be developed to ensure that any additions or
modifications made to system design are assessed for their impact upon areas of design and
operation. For example, if a new piece of equipment is introduced into the facility it will
require additions to be made to the training program and the operating instructions, and
may require an assessment of the work environment to ensure that it does not restrict
operations or maintenance access in any way, or introduce excessive noise levels. The
human factors specialist should be involved in this process to ensure that the interface
between the worker and his or her tasks maintains its optimized state.
Human performance data should be recorded to assess the effectiveness of the training
program, and also to assess the need for retraining, continuing training (training to expand
upon the operators experience e.g. with a view to promotion), and to form the basis of
performance reviews. The plant or facility should carry out regular audits to ensure that
safety rules and regulations are being complied with, that work practices and work control
methods are being used as they should be, and to ensure that other management and
organizational mechanisms are functioning in an effective manner. This is not solely the
responsibility of a human factors specialist but will require human factors input.
10.4

Decommissioning

Decommissioning is an area which has been addressed little in the literature, due to the
relative infrequency of the demand for this activity so far, but as the life of nuclear facilities
draws to a close in the future, it is an issue which will have to be addressed. It is, after all,
part of the nuclear life cycle, and it is an activity which is potentially hazardous for the same
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reasons that producing nuclear fuel, operating a power reactor, operating a research reactor
and treating waste can be considered potentially hazardous.
The aim in decommissioning activities is to ensure the safety of the workers who are
carrying out the activities, the safety of the public and the environment. Human factors
input should be provided for the design and implementation of decommissioning activities
in the same way as for an operating facility. That is, the decommissioning activities should
be identified in terms of the goals of the activities and the way in which they will be carried
out. Tools and equipment should be selected or designed on the basis of human
capabilities and limitations, and training needs should be identified. Decommissioning
procedures should be developed from an analysis of decommissioning tasks and
constructed using human factors principles of information design.
A large part of the human factors analysis work in the realm of decommissioning will be
the identification of potential workplace hazards, which will be both industrial and nuclear
safety related hazards. Decommissioning equipment and procedures should be designed or
selected to isolate the operator from the hazard if possible, or provide protective equipment
if this cannot be achieved. The use of work schedules and safe work practices will play a
part in this type of activity in terms of limiting exposure time to potential hazards. The
techniques and methods discussed in this guide will be appropriate for use addressing this
stage of the nuclear life cycle.
10.5 Data Recording and Storage
The recording and storage of human factors data is important for a number of reasons. It is
essential to provide an auditable trail of how design decisions are reached so that decisions
can be justified, and if similar decisions have to be made relating to additional equipment or
the design of a new facility, the information can referred to and used to make informed
judgments. The provision of an auditable analysis and information trail will be useful in
the process of regulating the facility. One of the most important reasons for recording and
storing data is to assist the development of the design or assessment process.
Requirements for data recording and storage should be clarified and documented at the
beginning of the design and development stage. The human factors specialist should be
made aware of the format their results should adopt, when deliverables are required, who
will be involved in the formal review process, how the review, process will operate and
how the documents will be filed and accessed as required. It should be defined in what
circumstances memos, technical reports and other types of reporting documents should be
used and what structure the document should adopt. A filing system should be created
which will allow the easy access of these documents according to the appropriate issue,
system or other relevant identifier.
As human factors is an issue which requires the integration of a number of disciplines and
considerations, a consistent referencing system needs to be adopted which will allow the
viewer to trace the design, operations and other related information and relevant
documents, which have contributed to the particular human factors analysis. In addition,
the human factors analysis techniques and methods interface and interact with each other,
and so a referencing system is required within human factors analysis itself. For example,
the detailed task analysis completed for interface design purposes may also be used for
training program development. The identification of tasks to be trained and the skills,
knowledge and abilities associated with these tasks, should all adopt the number
referencing used in the initial task analysis so that the information can be traced to its
origin. This has an added function in that if an addition or modification is made to the
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system later, it is possible to trace where this may have an impact upon the training
program.
The issue of data recording and storage is addressed in more detail in the "Guide for the
Development of a Human Factors Program" (ref. 15). A design issue tracking report is
proposed to monitor the progress of defined deficiencies and their suggested remedial
actions. In addition, the guide discusses the possibility of using a computer to store human
factors information and interface with other data bases within the facility, to optimize
interaction with other design and operations areas.
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ABSTRACT FOR PART D
This document is one of a series of three guiding documents produced on behalf of the
Atomic Energy Control Board, to provide advice to their licensees on how to address human
factors issues. This particular document outlines human factors issues which should be
considered within the design and assessment process of nuclear facilities. The issues
addressed comprise those which relate to the different levels of technology that currently
exist within the nuclear industry, ranging from manual handling activities to the design of
computer control systems. The document also examines issues which are relevant to both
control room areas and areas local to plant.
Human factors principles and philosophies are introduced, which apply to the study of
interaction between people and other people, equipment and the work environment, and that
are appropriate for all industries. Then specific issues which are relevant to the Canadian
Nuclear Industry are discussed, so that the user of the Guide may focus on particular aspects
of human factors. The document addresses human factors issues appropriate for the design
and assessment of general plant areas such as facility layout and access, maintenance
activities, and environmental conditions suitable for work activities.
The control room is the subject of a separate section, due to its' importance as the focus of
control and communications in the CANDU reactor and other nuclear facilities, and the need
for the efficient organization and presentation of a large volume of data, in order for the
plant to be safely operated. Both hardwired and computer control considerations are
discussed. The guiding document proceeds to address the design and assessment of specific
workstations, which may be located in the control room or in other areas of the plant.
Guidance for the design of tools and protective equipment, which promote safe manual
operations are discussed.
This document is designed for use by, not only human factors practitioners, but also by
project managers, so that they are aware of the extent of project team interaction and level of
effort required, and by project staff so that they may successfully integrate human factors
issues into their area of responsibility. In addition, the document may be used by the
purchasing department, so that they may make purchasing decisions based upon human
factors requirements.

DISCLAIMER
The Atomic Energy Control Board is not responsible for the accuracy of the statements made
or opinions expressed in this publication and neither the Board nor the author assumes
liability with respect to any damage or loss incurred as a result of the use of the information
contained in this publication.

| NEXT PAGE(S) left BLANK.

Diii

EXECUTIVE SUMMARY FOR PART D
Human factors is the study which optimizes the interaction of workers with equipment,
people and the work environment. It is applicable to all industry areas, and is particularly
relevant to potentially hazardous industries such as the nuclear industry. The realization of
the impact of human error and human performance upon safety and efficiency has increased
within the nuclear industry, since the occurrence of two major accidents, Three Mile Island
and Chernobyl, where the identified causes were traced to human performance and
management related issues.
The objectives of performing human factors analyses are to ensure that the operators and
users of a system are considered within the design and assessment process, and that the
design is compatible with the limitations and capabilities of humans. The consideration of
human performance will not only enhance the safety of the workforce, but will improve
efficiency and productivity, by the reduction of human errors and the consequent reduction
of downtime (unavailability). The potential for accidents is minimized by the consideration
of possible unsafe conditions resulting from incorrect actions, and by aiming to reduce the
risk of accidents, by the provision of error recovery mechanisms, or protection from the
consequences of these actions. This can be completed by the provision of effective
engineering controls, procedures, training, and operational philosophies.
The impact of human factors upon a system is more effective if human factors issues are
considered within the design process, rather than evaluating the system for inadequacies
and making modifications when the system is operational. The earlier in the design process
human factors issues are introduced, the less likelihood there is for costly modifications to
be required later in the process. This requires an understanding of the issues to be
considered and the method for integrating the issues into the design process. Human
factors must therefore be addressed at the planning stages of a design or assessment
project. The consideration of human factors issues within projects is only made possible if
the support of the management is obtained, and the discipline can be built into the project
plan and estimated costs. The extent of the human factors input, the interfacing of project
teams with human factors specialists, and scheduling and cost estimation issues are all
addressed in the first of the set of three guiding documents, produced on behalf of the
AECB (Guide for the Development of a Human Factors Program Plan).
In order to successfully incorporate human factors issues into the design and assessment
process, the human factors practitioner must assess the system requirements in relation to
the capabilities and limitations of the operators. This can achieved through the use of
human factors methods and techniques, which are discussed in the "Human Factors
Activities Guide", the second in the series of three guiding documents. The results of
human factors analyses are converted into design and assessment recommendations
according to their specific context, by the application of relevant guidelines and standards in
an appropriate manner. Issues are generated which relate to all aspects of the work
environment from design and maintenance issues, to management and operational issues.
The issues become design decisions and recommendations which must be integrated into
the design and assessment process.
The intent of this document is to present detailed human factors issues which may be
integrated into the design or assessment process. The document examines issues relevant
to general plant areas, control rooms, workstations and control panels, control and
instrumentation design, and aspects of manual handling. General considerations are
discussed and then the user is directed to a number of useful references which will provide
them with further detail, and specific guidelines. These issues should also be considered in
terms of the impact they will have upon other design and assessment issues, and so cross-

Div
referencing information is provided to direct the user to other relevant issues within the
guiding document.
Although human factors standards and guidelines already exist, they tend to be specific to a
certain level of technology, some are not appropriate for the nuclear industry, and they do
not discuss a variety of human factors methods and techniques which are available for
different types of analyses. The three guiding documents are based upon a review of
standards, guidelines and texts which address human factors, and represent information
that is specifically appropriate to the nuclear industry, examines all levels of technology,
and is usable by human factors specialists, project managers, and other project staff.
The AECB currently have no fixed regulations in the area of human factors, but have
realized that there is a need to provide licensees with advice as to how to address human
factor issues. The three documents are designed to provide advice on program planning,
methods and techniques, and design integration issues, rather than specifying
requirements.
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1.

INTRODUCTION

The purpose of this document is to provide the user with a discussion of the relevant issues
to be addressed in the area of human factors, throughout the design process or during an
assessment project. It is the third in a series of documents which have been produced on
behalf of the AECB, to provide guidance to their licensees as to which subject areas within
human factors should be addressed, at what point in the process they should be addressed,
what techniques and methods can be used to address human factors, and which particular
issues require integration into the design process.
1.1 Scope
The scope of this document is to discuss the human factors issues which are relevant to the
nuclear industry in particular, which encompasses, not just power reactors, but also
research reactors, waste treatment facilities and fuel fabrication plants. This ensures that
the safety, efficiency and comfort of the workers is created and preserved at all stages of
the nuclear life cycle. The design integration guide include advice for the integration of
issues relating to different areas of the plant. The issues discussed are therefore not limited
to control room concerns, as in a number of guideline documents. This document refers to
issues which are relevant to local plant areas, such as process areas, maintenance shops,
and storage areas. The document also addresses offices, accessways and service areas.
In addition, the guidelines are relevant for hardwired controls and displays, computerbased systems for control, monitoring and administrative purposes, and plant components
such as valves, motors, pumps, pipes, fans etc. The guidelines address tools and
equipment which are used throughout the plant. The aim is to ensure that human factors
issues are examined for all levels of technology which are present within the workplace,
and to ensure that the integration of human factors issues takes place in both design and
assessment scenarios. It is sometimes important during an assessment to recommend
improvements which are within certain constraints of the existing system, rather than
suggesting a redesign, so the human factors analyst will be expected to be able to
accommodate the different levels of technology.
As specified, the Design Integration Guide addresses human factors issues relating to
control and instrumentation, and tools and equipment which are used to complete tasks, but
the document also addresses issues relating to the environment in which the work is carried
out, and the impact it will have upon the successful performance of the tasks. The guide
addresses manual handling as well as monitoring and control tasks. It is intended that the
guide will examine human factors aspects relating to all facets of operation within a nuclear
facility.
1.2 Human Factors Philosophy
The role of the AECB in the regulation of the nuclear industry is to license the nuclear
facility, upon demonstration that specific safety standards have been achieved within the
design, and to ensure that the safe conditions are maintained throughout the system
lifetime. The conditions of the license will be met if the operation of the facility does not
create undue hazard to workers, the public and the environment.
Whilst the standard of traditional safety aspects is governed by fixed regulations, the AECB
have not issued regulations in the area of human factors. There has been an increasing
realization of the importance of human factors issues to the safe and efficient operation of
nuclear systems, and the AECB require demonstration that human capabilities and
limitations have been considered during the design, assessment, and operation of nuclear
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systems. The overall philosophy of the AECB to human factors regulation is that of
guiding and advising. The set of three human factors documents provide guidance in the
form of program planning, the use of methods and techniques and the integration of human
factors issues into design.
The aim of incorporating human factors issues into design and assessment is to achieve a
design which is suitable for the user, in terms of the maximization of his or her capabilities
and the minimization of their limitations. This process consists of the reduction of the
likelihood of operator error as far as possible, in order to increase efficiency and maintain
safety, and the creation of a comfortable working environment which increases worker
motivation and productivity. The objective of integrating human factors issues into the
design process is to be proactive; that is to prevent unsafe or inefficient conditions from
arising, rather than dealing with the issues after such situations have occurred. This will
prevent injury and loss of productivity.
The earlier in the design process human factors issues are considered the more cost
effective the process will be, as it will remove the likelihood of costly modifications later
on, when an assessment of the design, or operations activities reveal safety or human
performance problems. Efficient incorporation of human factors issues into design and
assessment depends upon the consideration of the plant or facility as a system with several
interacting components; the equipment, the work environment, training, management etc.
The design of each of the components will impact upon the successful implementation of
the others, and as such project coordination should ensure that each of the components is
compatible with the other. This is discussed more fully in the program planning guide (ref.
15). In order to ensure that each component is optimized in terms of being a user-centred
design, and its interface with the other system components, the participants in the design
and assessment process should have an understanding of human factors principles and how
to integrate them into the design and assessment process.
1.3 Applicability to Nuclear Facilities
The integration of human factors issues into the design process is relevant to the design of
all industrial environments, but the intent of this document is to focus specifically on
nuclear facilities, and the constraints which are imposed upon operators working within
nuclear environments. In many industries, for example the construction industry, the focus
is almost solely on the prevention of industrial safety hazards. In other industries there
may be additional hazards to consider such as exposure to potentially dangerous chemicals.
In the latter case, the safety and human factors specialists will focus on limited exposure to
potential hazards, personal protective equipment and safe working procedures. The nuclear
industry uses similar protection mechanisms but they are specifically designed to cope with
the unique nature of radiation hazards..
This document will focus on those issues which are relevant to the specific design features
of the Canadian Nuclear Facilities and their operating requirements.
1.4 Objectives of Human Factors Design Integration
The integration of human factors issues into the nuclear industry should be undertaken
during design, assessment, commissioning, operation, maintenance and decommissioning,
to ensure that safety and efficiency is maintained throughout the system life cycle. As
discussed in section 1.2, the aim is to reduce the potential for operator error, and to ensure
that the system does not achieve an abnormal operating status (inefficiency) or an unsafe
state. If the process is error free, then the product produced will achieve specification and
so will be of target quality. In addition the system will not operate beyond its safe
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envelope. The reduction of operator error potential will increase the reliability of the
system from a human point of view.
The integration of the concerns of users and the potential operating difficulties into design,
will promote the usability of designs. Increased usability not only improves efficiency but
also has a motivating influence upon the workforce. Usability is also an important aspect
when considering maintenance activities. The aim of system design is to reduce the
frequency and duration of downtime, thereby reducing the frequency of maintenance
activities. The consideration of human factors concerns within maintenance will also
include the consideration of usability of equipment and instrumentation, the reduction of
operator error and the preservation of healthy work conditions. The consideration of
possible detrimental influences upon health and performance will result in the promotion of
user health and safety.
The integration of human factors issues into design and assessment will lead to the
production of better quality fuel, which will in turn lead to the more efficient and safer
operation of power and research reactors. It will also lead to more efficient power
production, more productive isotope production for the medical industry, more useful
research into potential scientific and technological improvements to nuclear systems, and
safer, more efficient waste storage arid disposal.
1.5 Use of the Document
This document is designed for use by a number of different types of users to assist in the
human factors process within design and assessment projects. It is structured in such a
way that relevant sections can be accessed according to the particular objectives of the
specialist at that time. The document introduces human factors principles in section 2 and
then discusses human factors issues in relation to the Canadian nuclear industry in
particular. Sections 3 to 6 address in turn those issues relating to general plant areas,
control rooms, workstations and tools and equipment. It can be seen that the document
structure progresses from the macro environment to the micro environment. Within each of
these sections, detailed issues are addressed such as layout of equipment, lighting,
labelling, etc. The user of the guide can view the contents page to direct him or her to the
section they are particularly interested in. Where there is a repetition of issues to be
considered, for example lighting considerations apply to local plant areas and control
rooms, the cross-referencing tables at the end of each subsection will guide the user.
The document can be used by human factors practitioners to guide them to the type of
issues which should be addressed within the design and assessment of different aspects of
the nuclear working environment. It can also be used by designers to give them an
indication of the type of human factors issues which should be incorporated into their area
of design. This will increase their general level of awareness of human factors issues, and
will enable them to more effectively coordinate their activities with human factors
specialists and other disciplines within the project. The design process will be made more
efficient if the designer is made aware of the relevant human factors issues while s/he is
performing design activities, and communicates with human factors specialists, rather than
waiting until the design is complete and then assessing it from a human factors viewpoint.
The document can also be considered a useful tool for the purchasing department. They
may refer to the issues relevant to different aspects of design when selecting equipment for
purchase which is not designed in-house. For example, a purchaser may consider the
capability of an instrument to display an alarm limit, or the colour coding used on the
display to ensure consistency and compatibility with plant design philosophies, based upon
reference to the issues for consideration relating to that system component.
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The guide is not intended to provide the users with all they need to know about human
factors in order to design or assess a system. The aim is to provide a discussion of some
of the major considerations when addressing particular design areas, and of the impact the
issues will have upon the safety and usability of the design. The document then refers the
user to relevant texts and guidelines which provide them with the detailed in formation
required to make precise design decisions and recommendations.
1.6 Use of this Document in Relation to the Other AECB Documents
This document is one of a set of three documents produced on behalf of the AECB to
provide their licensees with guidance on how to address human factors issues at their
facilities and within their projects. The "Guide for the Development of a Human Factors
Program" (ref. 15) discusses the areas of human factors which can usefully be incorporated
into a design or an assessment project and addresses such issues as the stage of the project
during which it is best addressed, the scope and resources of the program, scheduling,
coordination with other project teams, human factors team selection and program
monitoring.
The "Human Factors Activities Guide" (ref. 16) provides the users with a discussion of the
tools which are available to carry out human factors analyses, by discussing methods and
techniques, their purpose, the inputs and outputs to the techniques, their advantages and
disadvantages, and the project stage at which they would be most useful. This document
(the Design Integration Guide) discusses the specific issues which should be addressed by
human factors analyses, and how they can be integrated into the design process, in order to
have an impact upon the success of the project.
Each of the documents are designed to provide guidance to the users without stating in a
definitive way exactly how human factors issues should be addressed. They provide the
user with an understanding of human factors analyses and the benefits of incorporating
such considerations into the design and assessment process, and then refer the users to
specific references which can be used to obtain more detailed information. The author has
expressed views on the suitability of the references for specific purposes and has attempted
to direct the users to those references which contain the most useful content, are well
written and are easily accessible for future use. The guides may be used together by project
participants, project managers and human factors practitioners to give an all round picture
of how human factors can be incorporated into a project. Alternatively, they can be used
individually for their specific purpose; to plan a human factors program, to select methods
and techniques for human factors analyses, or to define specific issues relating to particular
design aspects which require consideration from a human performance perspective.
This main body of the document is divided into four main sections:
- general plant design
- control room design
- workstation design
- tools and equipment design.
Each of these sections are divided into specific subsections, discussing design aspects
within the overall topic area. The user is able to access each of the sections separately
according to their interest, and if they wish, the subsections can also be accessed
individually. The subsections present general considerations which are useful to a human
factors analyst, and then provide a cross reference table. This allows the user to examine
other parts of the guide which are relevant to this area, but for the sake of repetition have
not been included. The user is guided to the section which is relevant. Each subsection
includes its own reference section so that the user may seek further information and/or
specific guidelines which are suitable for the particular areas of consideration.
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2.

HUMAN FACTORS PRINCIPLES

2.1 General Human Factors Principles
The human factors principles applied to the design and assessment of facilities and
equipment are specific to the context in which they will be operated, but there are a number
of general principles which can be usefully adopted by human factors specialists in order to
optimize the design. The incorporation of human factors issues into the design means that
the system is designed to take into account the users' capabilities and limitations. This
applies to the design of the work environment, the control and instrumentation and the
tasks themselves.
Examples of how the design should accommodate users' physical capabilities are the
design of instrumentation so that it can be viewed by the operator, the design of the
workplace layout so that all equipment and instrumentation can be accessed by the operator,
and the design of the thermal environment so that the operator is not exposed to heat stress
while carrying out specified activities in that particular plant area. An example of how a
task can be designed to accommodate cognitive limitations, is the conditioning of alarm
information, so that only the alarm representing the condition which caused the abnormal
state, is displayed to the operator. This will ensure that the operator is not overloaded with
information.
Consistency and compatibility are important promoters of error free performance.
Consistency should be practiced in such aspects of design as the location of the labelling
for instrumentation, terminology and abbreviations used in labelling and operating
instructions, format, structure and level of content of procedures, the type of
instrumentation used to carry out specific types of tasks etc. Consistency and compatibility
will also be necessary between computer control systems and hardwired instrumentation, if
both exist within a facility, in terms of equipment layout, the units of measurement used for
specific parameters and colour coding, for example. Consistency and compatibility will
result in a lack of confusion and may enable the operator to transfer skills from some tasks
to others.
Conforming to user stereotypes and expectations is another way of reducing error potential.
Stereotypes exist for many operational features, such as the colours used to represent open
and closed positions for valves, and the direction of movement for a control to implement
a raise lower movement on an object. Stereotypes may be different for different
industries, and may be different for different plants within the nuclear industry, but the
designer should consider the source of the workforce in order to make these design
decisions, or current stereotypes within the facility if it already exists. An important point
to remember is that, the modification of a design to reflect an industry stereotype which is
not consistent throughout the plant, is likely to increase the potential for operator error
rather than decrease it. Operator expectations in relation to design are also important.
Operators may have expectations in terms of how the instrumentation is arranged, how
plant components are represented on a computer control screen, and how tasks are carried
out within the facility. As far as possible these expectations should be adhered to,
providing it is a safe and efficient design or operation. This will reduce training time and
improve performance.
It is the aim of the human factors specialist to create an error proof design. Although it is
not possible to eliminate the potential for human error, the likelihood of operator error can
be reduced by the identification of potential human errors, and the specification of remedial
actions. Solutions may prevent the error, assist error recovery, or provide mechanisms to
ameliorate the consequences, if neither the first nor the second option is available. In
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general the simplest design is the best; there is little point in making a design complicated if
it does not need to be.
The human factors specialist should ensure that the operator is provided with the
information and control capability that s/lie needs, but unnecessary information should be
omitted. In addition, the correct way to perform the task should be the easiest and most
obvious way to perform the task. If the operator can discover a more simple way to carry
out the task, it is likely that s/he will perform the task that way. The designer or human
factors specialist may not have defined and designed against thr. potential hazards
associated with this particular approach, and so unsafe or inefficient conditions may be
created.
Nuclear operators should always be provided with feedback to tell them whether a control
action has been successful or not. The feedback should be appropriate for the task in hand,
and it should be direct feedback. That is, the feedback should indicate the success of the
action carried out, rather than just indicating that the required action was successfully
initiated. In addition, labelling should be provided where appropriate to indicate to the
operator that s/he has selected the correct piece of instrumentation. The labelling should be
clear and unambiguous.

2.2 Human Factors Principles Applicable to the Canadian Nuclear Industry
The principles discussed in the previous section are general human factors principles which
can be applied to any industry. There are a number of specific issues which are relevant to
the level of technology, and the stage of development of nuclear facilities in Canada at this
time.
One of the main issues which has occupied the thought processes of human factors
specialists for some time, and continues to provide a challenge, is that of automation and
the allocation of function to man and machines. Initially the approach required the
consideration of functions which were best suited to machines (for example complex
computations) and those functions best suited to humans (deductive reasoning), and tasks
were allocated accordingly. One aim was also to remove the monotonous tasks from the
human, there is a danger associated with doing this however, as it can lead to over
automation. The impact of over automating results in lack of attention and motivation,
which decreases performance efficiency, but it also leaves the operator in a state where he
may not be aware of the plant status information he is required to know, in the event of an
abnormal or emergency scenario.
The level of automation is a particularly relevant issue within the Canadian Nuclear industry
due to the degree of automatic operations, which are encompassed in the design of the
CANDU reactor. The nuclear industry is subject to potentially hazardous outcomes
resulting from human errors, so it is essential that an operator remains knowledgeable
about the reactor status, to ensure that s/he can react in an appropriate manner should/he be
required to restore the system to a safe state. The consideration of the level of automation
raises a number of related issues. Namely, to what extent may the designer automate the
process before performance decrements are experienced; that is how much responsibility
may still rest with the operator.
Research has been and continues to be carried out relating to the development of diagnostic
aids and supervisory control, which still allow the operator to perform decision making
activities, but support him/her by providing them with information and guidance.
Consideration must then be given to whether an expert system is the best way to provide
this function, whether it is capable of including all the information necessary to ensure its
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effectiveness, and who makes the final decision about the actions to be implemented. The
design of the interface of operator assistance mechanisms is an important feature. The
system will either not be used or not be used effectively, if the system is not user-friendly
and does not still provide some autonomy to the operator within the decision making
process.
The increased use of computer control within nuclear facilities raises a number of issues
which are of concern at this time. One of the major concerns is the acceptance of these
systems by the operators. In some cases the operators have been at the facility or worked
in the industry for some time, and they have been accustomed to performing manual
operations rather than initiating automatic control. They may not have used a computer
before and may feel intimidated and even replaced by a machine. There are certain design
aspects which require consideration in order to implement successful computer control.
The system must be user-friendly; that is the operation of the system should be easy to
learn (minimal training time), navigation should be simple, and the presentation of
information and control options should be clear to the operators. The layout and
presentation of the information needs to be compatible with the operators mental model of
the plant or system ( it must represent the way in which the operators view and understand
the workings of the plant).
It is not only the data representation which requires consideration, but also the dialogue and
the way in which the users are required to interact with the system. The language used
should be familiar to the users, and error messages should be provided such that the
operator is aware of die cause of the error and the recovery action to take. All of these
issues are discussed in more detail in section 4.3 which addresses human-computer
interaction. Consideration should be given to consistency of design between hardwired
and computer control instrumentation, where the two systems are to be integrated.
Training is an area which impacts upon the safety and effectiveness of the plant and is a
current concern, due to the introduction of new technology, and the age and level of
experience of the incoming work force. When training is predominantly carried out on the
job, and informally by an existing member of the workforce, this can result in little
consistency or structure. On the job training by an experienced member of staff is an
important aspect of training, but as the rate of staff turnover is increasing, the level of
experience is being watered down. When experienced workers retire, it may be left to
relatively inexperienced staff to complete the training for new employees. This system of
training also results in people performing tasks differently to each other, and there is
usually no consistent monitoring of training effectiveness and systematic analysis of
retraining needs. The introduction of a systematic method for identifying training needs is
being introduced into the nuclear industry (see Activities Guide - ref. 16).
Traditionally the content of training courses has been defined using technical information
about the system design, but there is an increasing realization that there exists a gap
between the way in which system designers believe the system will be operated and the
way in which it is operated in reality. This requires that the training program be based on a
systematic analysis of operations and maintenance activities to ensure that all task elements
and features are addressed, and that there is the appropriate mix of theory and practical/ on
the job training. It should be acknowledged also, that training is a process, which requires
monitoring and amending, according to performance measures and any changes to the
facility or plant.
Another consideration closely related to training is that of effective procedures. They must
be developed in parallel with the training program to ensure that they are compatible, and
they must also be based upon a systematic analysis of operator tasks. Currently
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developments are being made in the area of computerizing procedures. This aims to reduce
the amount of paperwork and documentation within the facility, streamline the document
control policy and allow easy access for the users. There are number of concerns relating
this potential modification, however. The same problem of reluctance to use a computer
system may arise, and there may also be a problem relating to the visual appearance of the
procedures. Many people find it easier to search and locate information on a hard copy
where they can form a picture of the page in their mind, and they may wish to examine
more than one page at a time. There are ways in which design features may enhance the
use of computerized procedures, for example by providing a number of different methods
of searching for the required information, and by allowing the operator to view more than
one page on the screen at any one time.
The impact of management and organizational factors upon safety has been demonstrated
by a number of major accidents worldwide in the recent past, and it is an issue that has
often taken a back seat to the more traditional areas of system design. The increased
awareness of the importance of such issues has lead to improved root cause analysis of
incidents, and the examination of organizational features which are detrimental to safety and
performance. It is an issue which still needs to be addressed further within the Canadian
Nuclear industry, in order to establish successful management and organizational systems
early in design, rather than analyzing problems which already exist within an operating
facility. The aim is to become more proactive in this area. There are a number of specific
organizational issues which are particularly relevant to the Canadian Nuclear Industry,
which include the movement to ensure that safety is awarded a higher priority than
productivity (the same problem exists in many other industries), to ensure effective
communications both from the management through to the work force and vice versa, to
bridge the gap between management and supervisors and between supervisors and their
workers in terms of cooperation, and generally to improve teamwork and ownership of
one's facility or area of work.
Having discussed some of the issues which are relevant to the Canadian Nuclear industry,
and either require further research or are currently being addressed, the document proceeds
to discuss more detailed aspects of design and design integration relating to certain areas of
the plant.

3.

GENERAL PLANT DESIGN

This section of the guiding document discusses human factors considerations which apply
to the plant as a whole and not just specific areas such as the control room or workstations.
The topics for discussion are the general layout of the facility itself, which is likely to be
addressed at the early design stages, access to the facility, which is an important part of
facility design, and other issues which impact upon the design and should be considered in
terms of consistency, such as signs and labelling, maintainability, floor design. In
addition, this section discusses environmental issues such as the thermal environment,
lighting, noise, vibration, and hazard control.
Although controls and displays will be located throughout the plant, it was deemed more
useful to discuss their design within the control room section (see section 4).
3.1 Plant Layout and Facility Access
Human factors considerations should be introduced as early in the design process as
possible to reduce the likelihood of costly modifications later on, when problem areas are
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defined. This means that plant layout and access will probably be the first issues that a
human factors analyst will be required to address.

3.1.1 General Considerations
The following subsection addresses the issues of:
- the layout of the facility functions
- consideration of employee facilities
- the provision of adequate space
- additional access requirements such as ramps, stairs, ladders etc.
- consideration of worker postures.

Layout of Functions
Function and task analysis techniques, addressed in the Activities Guide (ref. 1), will
identify the functions and tasks which are to be carried out within the facility, and their
interrelationships. This will enable the human factors analyst to provide a layout which
follows the sequence of activities within the process. The aim is to achieve a layout which
allows the efficient passage of material from one stage in the process to the next.
When designing the physical arrangement of plant areas, consideration should be given to
such issues as communications between different groups of people and particular
functions, so that those areas which frequently deal with each other are located close to
each other if possible. Supervisors should also be within ease of visual and verbal
communication of their workforce. Consideration should be given to the access of shared
facilities, by all those who need to use them, the access by operators to the areas where
they are frequently required to work, the location of storage areas where materials can be
easily removed and replaced, and the accommodation of waste removal activities.
Woodson (ref. 2) addresses these considerations for the layout of plant areas.
There are two other important aspects which are not addressed in Woodson; the
consideration of hazardous material storage, and emergency planning. Certain potentially
hazardous materials which are stored in some areas and used in others, may have special
safety requirements in terms of the amount of ventilation necessary, the storage of the
substances away from other materials, and the location of these areas for easy exit or access
to emergency facilities. In addition, provision should be made, in terms of the provision of
routes and space requirements, to allow for the successful exit from the facility if an
emergency situation should arise.

Employee Facilities
Consideration should be given to the employees' needs in terms of what facilities should be
provided, how big or how many there should be (depending upon the number of
employees), and the location of the facilities where they can be easily and usefully
accessed. Some of the facilities which should be considered are washrooms, lounges,
coffee rooms, kitchens, recreation areas, offices and meeting rooms. These areas should
be well insulated visually and audibly from the work areas in order to provide a complete
change of atmosphere in which to relax. These facilities are important from the worker
motivation point of view.

Provision of Adequate Space
The provision of adequate space for work activities is a factor which impacts upon safety,
productivity and motivation. This issue may provide a challenge for the designer in an
upgrade situation where the amount of space may be restricted, but it is also a consideration
in the new design of a facility, as the total size of the building and the individual work areas
must be defined. There are three different types of space which must be provided for.
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These are space for worker activities and equipment, space for storage, and space for
people and equipment to move around from one area to another.
The amount of space required for equipment and instrumentation in a work area may be
defined and then the type of activity to be carried out should be specified. The definition of
the type of activity should include the part of the body to carry out the action (e.g. the arm),
the specific action itself (whether it is a crank handle which requires the use of the whole
arm, or the use of a screw driver which demands only hand action), and any special
requirements associated with the activity, such as the need to wear protective clothing.
Anthropométrie data can then be applied to the situation to determine the space
requirements. The analyst should consider the needs of the access in order to determine
which percentile data to use; if the worker requires reach access then the 5th percentile data
should be used, and if the worker requires clearance access then the 95th percentile data
should be used.
Consideration should be given to the amount of storage space which is required, according
to type of materials to be stored, specific storage requirements in terms of stacking,
potential hazards etc., and the number of items which will need to be stored. The design of
the facility should consider the provision of adequate space in halls and walkways,
according to the need for the movement of people, and/or materials, the method in which
the equipment or materials will be moved, the number of people who are likely to need to
pass, and again protective clothing requirements. Consideration should be given to these
factors in relation to both normal and emergency scenarios. The walkways may need to
accommodate a specific number of people exiting the facility by specific routes in a given
time frame, to prevent injury from a hazardous situation. Woodson (ref. 2) provides data
relating to the recommended width of walkways, and defines some design features to
avoid, relating to the height of ceilings, the position of doorways, and the shape and
changes in width of corridors. Data is also presented about the design of special
accessways such as crawl spaces.
Ramps, Stairs and Ladders
Consideration should be given to the use of ramps instead of stairs when objects or
materials are to be carried or moved by a trolley, for example. Woodson (ref, *) provides
recommendations for situations where ramps should be used, and for the changes in
elevation of ramps. The text also discusses other aspects of design such as the dimensions
of the tread, the riser and the nosing. Consideration should be given to the prevention of
tripping, the provision of adequate space, and the provision of barriers and handrails for
safety reasons.
Consideration should be given to whether stairs or ladders are appropriate for a specific
access requirement. For example, Woodson (ref. 2) recommends that once an incline has
reached 50°, the device should be perceived as a ladder, which is subject to different
regulations and recommendations than stairs. Data is provided on the style and size of
treads and handrails. Woodson also discusses some errors in the design and use of ladders
which may create hazardous situations, such as poor grip on the ladder rungs, and too wide
or too narrow hand space.

Posture
Consideration should be given to the layout of the plant and the equipment within the plant,
to eliminate poor postures which are likely to cause injuries both in the short and the long
term. The use of appropriate anthropométrie data will play a part in the effective design of
the workspace, in addition to the consideration of the extent of activity which must lake
place in comparison with the physical capabilities of the operators (sec workstation design
and manual material handling in sections 5.2 and 5.5 respectively). Consideration should
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be given to the use of job aids where demands exceed capabilities, and equipment should
be designed such as to prevent misuse as far as possible.
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3.2 Maintainability
Maintainability refers to the ability of the plant design and operation to maximize
availability, and when a failure occurs, restore the plant to an operational state.
Maintenance issues should be considered in parallel to operations activities throughout the
design process (as discussed in the Activities Guide - ref. 16) as all issues which impact
upon design will probably impact upon maintenance, but may have different effects. Task
Analysis and maintainability analysis can be used to define all equipment points, items, and
components which need adjusting, removing, testing, servicing, replacing or repairing.
The definition of the type of activities required to perform maintenance actions and the
potential difficulties, will assist in the specification of design and operational features.

3.2.1 General Considerations
The following subsection addresses these areas:
- plant layout
- maintenance access
- hazard prevention
- environmental impact
- error prevention
- preventative maintenance
- procedures

Plant Layout
Maintenance activities should be considered within plant layout to ensure that adequate
provision of space is made for laydown and service areas, workshops, and storage
facilities. Adequate aisles, pathways, doorways and access areas need to be provided.
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Consideration should be given to the provision air, water and electrical power and their
appropriate locations to ensure efficiency and ease of use. The location of maintenance
areas close to the equipment which may need to be maintained, should be considered and
decontamination areas may need to be assigned. EPRI4350 (ref. 1) provides advice
relating to maintenance layout issues.
Maintenance Access
Anthropométrie data should be applied to the design of work areas and maintenance
equipment to ensure that the maintainers have adequate access to safely and comfortably
complete their activities. The amount of access that is required, should be considered, for
example whether the whole body of the maintainer needs to fit into an area or whether
arm/hand access is sufficient. In addition, protective clothing will add an extra dimension
to anthropométrie data and so should be incorporated in the access measurements. It is
essential to consider not only static access but dynamic access as well. For example,
sufficient space may be required to safely conduct welding activities or perform arm
movements such as in the use of crank handle, as opposed to merely being able to fit into
the area. Comfortable reach envelopes of the target population, and healthy postures
should be considered in the design of the maintainers work environment.
Hazard Prevention
General hazard prevention measures should be considered in order to create a safe
environment. Many of these issues are related to safety housekeeping measures, such as
ensuring that work areas are not obstructed, cleaning up spills, providing proper drainage,
and placing guards upon moving parts of machinery. In addition the safety of equipment to
be used within maintenance activities, such as ladders scaffolding, catwalks and so forth,
should be secured. Protection rails should be erected where necessary and the integrity of
fall protection should be maintained. The use of warning signs should be considered to
alert the workers to unusual or hazardous activities or equipment states while maintenance
is taking place (see signs, labels and coding, section 3.4). Storage requirements for safe
storage and easy identification of maintenance items should be considered.
In addition to the above hazard prevention measures, consideration should be given to the
use of work permits and lock out/tag out procedures, to ensure that all other workers are
aware of the implications of the maintenance work being carried out. EPRI 4350 (ref. *)
discusses various hazard prevention measures.
Environmental Effects
Consideration should be given to the effects of certain environmental factors upon
maintenance performance, such as the thermal environment, (see section 3.6), noise (see
section 3.7), vibration (see section 3.8) and illumination (see section 3.5). EPRI 4350
(ref. 1) presents a table listing both the health and performance effects associated with each
aspect. It is essential to assess the impact of these factors upon maintenance performance
in addition to operational activities, as performance requirements may differ between the
two. For example, lighting levels may need to be higher for some detailed inspection tasks
which comprise maintenance activities, than for simple equipment monitoring actives which
may take place in the same area.
EPRI 4350 (ref. 1) provides recommendations for controlling the effects of heat stress and
discomfort e.g. by either modifying the temperature of the environment using cooling, or
by providing air or liquid cooled body suits (see the discussion of protective equipment section 6.2). Guidelines are also presented for acceptable illumination levels according to
visual demands.
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Error Prevention
A large proportion of human errors are made within maintenance activities, either during
maintenance itself or during restoration of the system to its operational state. There are a
number of issues to consider which may make the activities less error prone. Labelling and
color coding may be used to aid the identification and repair of certain items, providing that
the colour coding is meaningful, and does not conflict with colour coding used elsewhere
in the facility. EPRI4350 (ref. 1) provides some recommended colour combinations to be
used for maintenance signs, for example, white letters on a red background to indicate
danger, and black letters on a yellow background to indicate caution.
The design of the instrumentation and equipment should consider the ease of removal of a
part or instrument without the potential for accidental removal, the simplicity of the
maintenance activity and may consider the use of modularity of some equipment during
construction. In addition to the use of design for error free activity, work procedures may
promote effective performance. Consideration should be given to ensuring that a minimum
number of people perform assembly and disassembly of equipment to ensure some
consistency. Consideration should be given to independent checking, and the use of
checklists to ensure that no steps are omitted and the system is correctly restored.
Restrictions to those personnel who may use special tools, will ensure that only those
people trained and certified to use certain potentially hazardous or error prone pieces of
equipment, will actually be able to operate them.

Preventative Maintenance
Availability may be increased by the implementation of a preventative maintenance
program, which is based upon ihe identification of failure modes and the definition of
failure rates. Testing of equipment to assess maintenance needs should be considered.
EPRI 4350 (ref. 1) presents a table showing different types of testing, the situations in
which the testing methods are suitable, and the time intervals associated with each of them.
This document also discusses the development of a preventative maintenance program.

Procedures
Maintenance procedures should include information which is required by the maintainer to
successfully complete his tasks, and should consider the use of cautions and notes to
prevent errors and unsafe acts. Checklists may be used to verify successful completion of
the activity. Change control should be implemented to ensure that when any modifications
or additions are made to the plant, the impact upon maintenance activities is assessed and
incorporated into both training and procedures.
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3.3 Floors
In addition to the layout of the workplace, the design of the floors will play a part in the
preservation of safe conditions within the plant.
3.3.1 General Considerations
Safety housekeeping policies should ensure that the floor areas are kept free from
obstruction and hazards but there are some aspects of design which will have a significant
contribution to the maintainance of safe conditions. These aspects are discussed in
Woodson (ref. 1) and include the choice of material for durability, comfort, lack of friction
and the general considerations of safety and hygiene.
Injury Prevention
Consideration should be given to the creation of an even floor surface made of nonskid
material, so that tripping and sliding are minimized. If carpet is used, for example, it
should be ensured that it is properly laid, so that it will not slip or bunch.
Durability
Consideration should be given to the equipment which has to be placed upon the floor,
when selecting floor material, so that it is not damaged by the weight. Damage may lead to
an uneven floor surface which may create an unbalancing affect upon the equipment, as
well as presenting a tripping hazard to workers.
Comfort
Consideration should be given to the length of time a person has to stand on the floor, as
hard surfaces and friction, can create discomfort. Where this is considered to be a
problem, measures should be taken to minimize the effects, such as the provision of
carpeting in control rooms and offices. In other areas where the use of carpet is not
practical, consideration should be given to the provision of soft sole shoes, and the
reduction of time spent standing in that area.
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Hygiene
Consideration should be given to the nature of substances which may be spilled or
overflow onto the floor area, to make provisions for drainage, and to ensure that the
flooring will not absorb and retain hazardous substances that may impact upon the health of
the workers in that area. In addition, the flooring may be degraded such that it may present
a physical hazard itself. The analyst should consider the requirement to clean the floor
within safety housekeeping procedures to ensure the appropriate selection of cleaning fluid
and an appropriate frequency.
3.3.3 References
1. Woodson, W.E. (1987) Human Factors Reference Guide for Process Plants. New
York: McGraw Hill.
3.4 Signs, Labels and Coding
Labelling and coding should be provided to assist the operators in the identification of
equipment and instrumentation. Signs should be used to provide information about the
location of objects, materials, work areas and exits, and to provide essential information
such as warnings and instructions.
3.4.1 General Considerations
The following subsection addresses the various different design aspects of labelling, signs
and coding, which include:
- content
- orientation and location
- visibility and legibility
- colour
- symbols
- workplace hazards and safety requirements
Content
Consideration should be given to the meaningfulness of the label or sign content, in terms
of its ability to distinguish between one piece of equipment and instrumentation and
another, in the case of a label, and the ability of the label to describe its function.
Consideration should also be given to the conciseness, and accuracy of the information,
whilst avoiding ambiguity and the inclusion of irrelevant information. Consideration
should also be given to the provision of information for both operations and maintenance
activities, ensuring that the information for each will not be confused. The content should
be addressed in terms of suitable grammar and phrases which are simple and familiar to the
target population, and the use of abbreviations should be avoided as far as possible.
Orientation and Location
The location of labelling is important in that it must be clear to which piece of equipment or
instrumentation the labelling refers, in order to avoid errors. The proximity of the label to
the item is a major consideration. It is usual to avoid vertical labelling orientation where at
all possible, as it is more difficult to read. The location of signs should consider the source
of the information to which it refers, and should ensure that the sign is read before the
worker takes an inappropriate action or enters a potentially hazardous area. For example, if
the design prohibits access to a particular area, or requires that protective clothing is put on
before entering the area, the sign must be located in a prominent position, close to the
entrance. If signs are indicating a route around the facility, consideration should be given
to the location and the frequency of the signs.

D16

Visibility
The visibility of a label or sign is determined by various factors such as the size of the
letters, the contrast and the lighting levels in the work area. Consideration should be given
to the use of capital letters as an attention seeking feature. For example, labels may use all
capital letters, but signs which give more than a couple of lines of instructional information,
should use a mixture of upper and lower case as it is easier to read. Consideration should
be given to letter size, character spacing, word and line spacing in order to make the label
or sign readable. The Military standard (ref. 1) presents a table of data showing different
character heights for different viewing distances, and another table which demonstrates the
use of different lab^l sizes for different luminance levels. Consideration should also be
given to hierarchical labelling sizes to denote different groups of data (see sections 4.1 and
4.2 on control and display design).
Sanders and McCormick (rcf. 2) discuss factors which affect visual acuity and which must
be considered within information design, such as luminance contrast exposure time, age
and so forth. This text also provides data on recommended character heights for critical
and non critical uses under both low and high levels of illumination.

Colour
It is essential to address the colour of signs and labels from the point of view of contrast of
the information with its background, but also in terms of its meaning. Colours arc used as
a form of coding which will provide additional and immediate information to the viewer.
Certain colours and colour combinations have universal meanings, such as the use of black
letters on a yellow background to indicate a warning or caution, and the use of red to
indicate danger. Different coloured signs may be used to indicate mandatory actions,
prohibitory actions, warnings and general information. Consideration should be given to
the standard uses of colour to ensure consistency and compatibility with operator
expectations and stereotypes.
Other Forms of Coding
It is recommended that colour not be used as the sole means of coding due to the potential
for individual difficulties in distinguishing between some colours. Size and shape are other
forms of coding which can be used (see section 4.1 on control design). Sanders and
McCormick (ref 2) provide a table of various different visual coding methods which can be
used. The use of universal symbols on signs should be considered, in order to provide an
immediate visual indication of the purpose of the sign, for example the use of the symbol to
indicate a radiation hazard.
Workplace Hazards and Safety Requirements
The Military standard (ref. 1) discusses the use of signs to indicate hazards and safety
requirements. Consideration should be given to the location of signs in any area where a
potential hazard exists and the content should be thorough and meaningful. It should
provide the worker with all the information s/he needs to know, for example electrical
labels should be marked with the voltage, the phase, the frequency and any other relevant
warning requirements. Workplace signs' should not only be used to indicate hazards, such
as fire, combustible material, radiation and so forth, but they should also be used to mark
exit routes and emergency exits which may be required in the event of an emergency
scenario. Consideration should also be given to emergency lighting so that these routes can
be successfully taken.
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3.5 Lighting
There are two different types of light: natural light and artificial light. Artificial light is used
when natural light is deemed not to be adequate, or when consistency of lighting is
required, as in a work environment. The following subsection of the guiding document
addresses considerations for the design and assessment of artificial lighting systems.
3.5.1 General Considerations
Lighting considerations encompass the following issues:
- lighting levels
- light sources and fixtures
- glare avoidance and light positioning
- colour
- the effects of poor lighting upon performance
Lighting Levels
Different lighting levels are appropriate for different types of task, and the higher levels do
not necessarily result in better performance. Woodson (ref. 3) provides a table of different
lighting levels for different tasks, but the levels are measured in foot-candles which is a unit
of measure infrequently used. This text also provides a table of standard lighting practices
for different industries. Grandjean (ref. 1) and Sanders and McCormick (ref. 2) also
present lighting level data but in lux, which is a more commonly used unit of measurement.
An example of how different levels are suitable for different tasks, is the provision of 300
lux for VDT use but the requirement for as much as 1000 lux for inspection tasks. More
than one type of task may be carried out in any one work area, in which case consideration
should be given to the provision of a level lower than that required for the task with the
greatest demand, but add supplemental lighting.
Light Sources and Fixtures
There are two main different types of light sources; filament and florescent bulbs.
Consideration should be given to the advantages and disadvantages of each. Filament
lighting is rich in red and yellow rays and emits heat. It can reach temperatures of 60°C or
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more and can cause headaches. It does however provide an aesthetically pleasing
atmosphere. Florescent lighting has a high output of light, with a long life and low
luminance when adequately shielded. It has the ability to closely match natural light, but it
is however prone to flicker. The frequency of the flicker at 100 to 120 Hz, is above the
critical fusion frequency of the human eye (above the threshold of detection), but the flicker
becomes noticeable as the light source becomes older or faulty, and causes stroboscopic
effects on moving objects. Grandjean (ref. 1) discusses the differences between the two
types of light sources.
Light fixtures can be either direct or indirect and consideration should be given to which is
more suitable for the work environment. Direct lighting, such as spot lamps provide an
intense cone of light, and is usually used to supplement general lighting levels. Indirect
lighting throws at least 90% of its light back onto the ceiling to be dispersed beneath it.
The latter is useful for achieving an uniform distribution of light and reducing the potential
for glare.
Glare Avoidance and Light Positioning
Consideration should be given to the positioning of the light sources so that they do not
create shadows or glare within the workplace. In general the light source should not be
located behind the worker, it should not be visible and often the position of the light source
at right angles to the person positioned at their workstation is recommended. Woodson
(ref. 3) discusses ambient glare from frontal or peripheral window locations, and discusses
measures of prevention such as placing shades over the windows and adding light filtering
materials to the glazing. Consideration should be given to the positive psychological
effects of natural light and being able to look out of the window however. Grandjean (ref.
1) provides a set of recommendations for preventing glare, which include the positioning of
the light source at an angle from the workers horizontal line of sight of more than 30°.
Sanders and McCormick (ref. 2) also address the causes of glare and measures of glare
reduction. They discuss the pros and cons associated with anti-reflectance screen coatings.
Colour
The colour of lighting is believed to affect the mood of the workers in their environment.
For example blue is thought to be a cold colour, whereas, rose coloured lamps are thought
to be warm and relaxing. Consideration should be given to the type of effect the designer
wishes too create. Sanders and McCormick (ref. 2) present a table showing the colour
characteristics of common types of lamps. The choice of colour and materials selected for
the walls, ceilings, work surfaces and so forth, impact upon the reflectance of the surface.
Grandjean (ref. 1) presents some recommended reflectance levels for different surfaces,
and Woodson (ref. 3) discusses the effect of coloured light upon the perceived colour of
the objects being illuminated.
The Effects of Poor Lighting upon Performance
In order to avoid eyestrain, Grandjean (ref. 1) recommends the consideration of the balance
of surface luminances, uniformity of light levels, and the minimization of glare. Sharp
contrasts of luminance lead to discomfort and decreased visual performance. Grandjean
presents some rules for contrast balance, which include the maintainance of brighter levels
in the centre of the work area, with darker areas towards the edges. Poor lighting levels
not only lead to eyestrain and fatigue, which can eventually have lasting effects upon the
eyesight, but they can also encourage uncomfortable neck postures. The employer should
consider regular eye test for their employees, particularly those who regularly use
computers.
Grandjean (ref. 1) provides some specific lighting recommendations for fine work and
VDT use, which address illumination levels, surface luminance and contrast. In addition,
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consideration should be given to the maintenance of lighting systems to ensure that they are
clean and operational.
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3.6 Thermal Environment
The temperature of the working environment impacts upon human performance due to
physiological responses to the temperature, and changes in mood and motivation levels due
to the physiological discomfort.

3.6.1 General Considerations
The following subsection discusses comfort levels, the impact of activity and the level of
clothing worn in the working environment, the effects of temperature upon performance,
and then discusses heat and cold stress in relation to measures of controlling the adverse
effects relating to hot and cold environments.

Comfort Limits
The comfort of a human in their working environment is not just related to the ambient
temperature, but is impacted by the level of humidity, the amount of airflow and other
factors. Salvendy (ref. 1) shows the comfort zone by plotting clos (units of measurement
of the amount of clothing worn), dew point temperature and vapour pressure. Woodson
(ref. 2) presents a number of data tables which may be useful in the determination of an
appropriate thermal environment for a particular work area; for example data is presented
about normal temperatures for different parts of the body, and a table shows the subjective
feeling of different temperature levels upon the skin, from 98°F (very hot), through 93°F
(comfortable), to 84°F (very cold).
In addition Woodson discusses recommended exposure times to high and low temperature
levels, which are represented on a graph. There is also a table of data which relates to the
effects on the skin of contact with different temperatures, for example tissue damage.
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Woodson (rcf. 2) considers that comfort levels lie between 91° and 94°F. Minimum
acceptable temperature levels for the extremities are addressed.
Activity and Level of Clothing
Consideration should be given to the type of activity carried out in the particular work area,
as lower temperatures are going to be more suitable for people carrying out manual
handling activities than for people sitting at a control desk, for example. The level of
clothing is another important consideration. Again, higher temperatures will be more
comfortable for people wearing light clothing than for those wearing protective clothing.
Salvendy (ref. 1) presents different clo values for different types of clothing and gives data
relating to the metabolic rates for different types of activity. A graph is then presented
which plots the type of activity and the level of clothing to give an acceptable temperature.
For example, for a person wearing .9 clo, and performing a high level of activity, 60°F is
considered appropriate.
Effect of Temperature on Performance
Consideration should be given to the impact of the temperature upon the health and
performance of the worker. Extreme heat will lead to a rise in body temperature, physical
fatigue, serious mental and psychomotor deficiencies, sleepiness, heat exhaustion,
hallucinations and eventually heat stroke and collapse. Extreme low temperatures result in
stiffness, a lack of dexterity, shivering and pain. Exposure to certain levels of cold and
heat at cither end of the scale will lead to permanent damage such as tissue damage relating
to burning or frost bite. Woodson (ref. 2) considers that extreme stiffness occurs at 50°F,
and at 80°F work output is reduced by about as much as 50%, for example.
Heat Stress
Salvendy (ref. 1) discusses heat stress and provides a checklist of items to examine in order
to successfully prevent heat stress. Data is also presented of temperature levels beyond
which precautionary measures should be considered. Consideration should be given to
physical control measures, such as the provision of job aids which will reduce the
metabolic rate of the worker (e.g. the provision of a hoist instead of manual lifting), the
reduction of radiant heat by wearing light clothing, the reduction of convection heat by
using fans and wearing garments which permit ventilation, and improving evaporation
conditions, by using a dehumidifier and increasing air velocity. Other measures can be
taken such as the provision of cooled suits. Allowing for acclimatization and ensuring the
physical fitness of the workforce will help, but it is not always easy to do either of these.
Work control measures should also be considered in the prevention of heat stress.
Exposure time to high temperatures should be limited, and allowing the workers to set their
own pace will allow them to attain a comfortable level of activity. Consideration should be
given to training employees to recognize the symptoms of heat stress and administer
treatment. A cool down area and cool liquid should be easily accessible.
Cold Stress
Consideration should be given to the impact of wind velocity upon temperature level if
work is to be carried out outside. A table of wind chill resulting from different air
velocities upon different temperatures, is presented in Salvendy (ref. 1). Consideration
should be given to raising the temperature of the body by adding extra clothing, but any
potential loss of dexterity and movement should be borne in mind. The best method of
insulation is air, so lots of thin layers should be worn, trapping the warm air between the
layers. Tight clothing should be avoided as it restricts circulation.
If heat can be retained in an area, consideration should be given to the provision of
electrical heat with a fan. Fuel heaters have become more popular, but pollution of air
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should be considered, if there is no air exchange with the outside, and lire safety
precautions must be taken, such as providing an automatic shut off mechanism when the
heater is tipped over.
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3.7 Noise
Sound perception is subjective but can be measured in decibels (dBa). Apparent loudness
depends upon the pitch or frequency of the sound; low pitched sounds seem much less
loud than high pitched tones. The greatest sensitivity of the human appears to be between
2,000 and 5,000 Hz. Grandjean (ref. 1) presents a table of data containing the sound
levels of different equipment and office machinery to give the reader an idea of what a
worker may be exposed to. The following subsection discusses noise limits in industry,
the effects of noise upon health and performance, and controls against the effects of noise.
3.7.1 General Considerations
When designing or assessing a work environment, it is necessary to identify potential
sources of noise and either predict noise levels or measure existing levels. Noise is
emitted, not only by power tools or process equipment, but also by printers and other
office equipment, as well as conversation, and a combination of these sources may lead to
the achievement of noise levels which are unacceptable. When new equipment is added to
the workplace a reassessment of noise levels should take place.
Noise Limits
A general guideline which is adopted is that for any noise levels above 85dBa noise
reduction measures or protective equipment should be provided. Consideration should be
given to the specific requirements of the task in hand however, as in tasks where verbal
communication is required, 85dBa is not acceptable; levels of 55 to 60 dBa are
recommended in Grandjean (ref. 1). Sanders and McCormick (ref. 2) discuss the
measurement of hearing and present data relating to the permissible noise exposure times
for different levels of noise.
The Effects of Noise upon Health and Performance
Both Grandjean (ref. 1) and Sanders and McCormick (ref. 2) discuss the temporary loss of
hearing, and the temporary threshold shift due to noise exposure. Levels of recovery are
and the percentage of lasting effects increase with continuing exposure. It is important
therefore to consider health effects in addition to both the intensity and the exposure time of
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the noise, when making decisions about prevention and control measures. The onset of
noise creates certain effects, such as muscle contraction, blinking, slower breathing,
changes in the heart rate, and the dilation of the pupils. Continuous exposure causes the
symptoms to persist. A state of physiological stress results, which may be characterized by
high blood pressure, increase in metabolism, contraction of the blood vessels in the skin
and a slowing down of the digestive organs, in addition to muscle tension.
The impact of noise upon performance has not been clearly demonstrated by past
experimentation. It is believed not to effect manual work, but may affect concentration, for
example in tasks which require die use of short term memory. In the latter case, noise
levels still have to be high to make a significant difference (95 dBa).
Noise Reduction and Protection Measures
Both references address the use of measures to decrease noise levels and protect against the
effects. It is most useful to consider potential noise sources at the design stage, and
employ measures such as creating a layout where noisy areas are distanced from areas
where concentration and skill may be required. Reducing noise levels by the design or
redesign of tools and equipment should be considered. Noise can be reduced by reducing
vibration (see section 3.8), by replacing hard materials which clash against other surfaces
with other materials where possible (e.g. rubber), by installing barriers and sound
absorbing partitions, by lubricating equipment and machinery parts, and by implementing
regular maintenance strategies (see section 3.2). If equipment can not be further insulated
against noise, then consideration should be given to sound proofing the room which
contains the equipment so that at least exposure can be limited.
When all oilier measures have failed to lower noise levels below 85dBa, protective
equipment should be provided (see section 6.2). Procedures to control exposure time and
the provision of regular hearing checks should be considered.
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3.8 Vibration
Vibration can be defined as mechanical oscillations provided by either regular or irregular
periodic movement of a body part about its resting state. The following subsection of the
document will address the limits of vibration beyond which detrimental effects are
experienced, and the impact that vibration will have upon health and human performance.
3.8.1 General Considerations
Consideration should be given to the frequency, duration and acceleration of oscillation in
comparison to an individual's frequency and resonance. The natural frequency of different
body parts varies, and are presented in table by Grandjean (ref. 1). Vibration can be
defined as whole body vibration or hand/arm vibration which results from the use of certain
tools. The latter is addressed in more detail in section 6.1 which discusses design
considerations for tools specifically.
Vibration Limits
Vibration becomes intolerable at different levels demonstrates this relationship. Sanders
and McCormick (ref. 2) discuss ISO 2631, which provides vibration limits in terms of
acceleration, frequency and exposure duration. The limits are specified for comfort, task
proficiency, and physiological safety. This text expresses some reservations as to the
experimental support and validation for these limits. It claims that it is a "good
approximation of the human response to whole body vibration" but states that it will require
some modification as a result of further research.
Vibration Effects upon Health and Performance
Both references discuss the impact of vibration upon the health of the individual. It effects
visual perception. Vision is impaired within the frequency range of 10 to 25 Hz, for
example. Psychomotor skills are affected as well, but to a lesser extent. Physiological
effects include elevated heart rate, increased muscle tension, defects of the circulation and
respiratory system, pains in the chest and abdomen, spinal problems, headaches and
eyestrain. Vibration presents a risk to the peripheral nervous system, and can eventually
effect the organs, lead to disability due to back problems, cause arthritis and atrophy (loss
of calcium). Sanders and McCormick (ref. 2) discuss the subjectivity of discomfort due to
vibration. The long term cumulative affects of vibration should be considered.
Dexterity will be impaired at the time of vibration, which will make tools and equipment
more difficult to operate and will increase the potential for operator error. It will also
increase the risk of injury. Due to the fact that vision is also impaired as a short and long
term effect of vibration, difficulty may be experienced in reading instrument labels and
dials, and in following procedures. These factors will all contribute to operator error and
inadequate safety standards.
Vibration Control
Vibration may be controlled in similar ways to noise, except that the wearing of protective
clothing may not improve the situation. The reduction of the risk of vibration should be
considered in terms of the selection of equipment with less vibration potential and the
dampening of the vibration at source. Consideration should be given to work procedures
which limit exposure to areas where vibration may be experienced (see section 6.1) for
vibration relating to hand tools).

D24
3.8.2
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3.9 Other Environmental Hazards
Heat, cold, noise and poor lighting have already been addressed as environmental factors
which will impact upon the health and performance of workers. There are however other
environmental hazards which exist within the workplace, due to the presence or creation of
certain substances within the process. This subsection discusses some of those hazards
and offers some advice about their control.
3.9.1 General Considerations
The following information addresses the process for the identification of hazards, some
typical hazards which may be present in the work environment, and the process of hazard
control.
Hazard Identification
The process of hazard identification is relevant for other hazards in addition to
environmental issues; it can be used to define industrial safety hazards, potential hazards
associated with manual handling and repetitive actions and so forth. Salvendy (ref. 1)
discusses hazard surveys and includes some examples of hazard reporting forms used by
the Bureau of Labour Statistics, the U.S. Department of Labour and OSHA. An example
of a hazard identification form is given which originates from the Wisconsin Department of
Industry, Labour and Human Relations.
The hazard identification process should be carried out during the design process, during
the early operational phases of a system and at regular intervals during the system life cycle
to ensure that no hazards exist which are not identified or controlled. The process should
also be undertaken as part of the management of change process, whenever modifications
or additions are made to the facility, to assess their impact upon other aspects of operation
and safety.
Environmental Hazards
Environmental hazards are those qualities of the environment which may be detrimental to
the health and/or performance of a human in a working environment. Unsuitable levels of
oxygen may present hazardous conditions, for example. Woodson (ref. 2) presents data
showing the effects of oxygen deficiency and abundance upon health, for example an
oxygen pressure of only 84m of Hg at 11% concentration leads to irreversible
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unconsciousness. Carbon dioxide is another substance which can be hazardous.
Woodson (ref. 2) states that the general limit for an eight hour exposure time is 0.5%
concentration and discusses the effects of overexposure, which include deterioration of the
brain functions, headaches, throbbing, nausea, vomiting and eventually may cause the
subject to go into a coma or experience convulsions. At a certain level it is fatal.
Woodson (ref. 2) presents a table of data showing permissible limits for other toxic gases,
and for skin reactions to certain chemical substances. In the nuclear industry, a hazard
which must be considered is obviously that of radiation. The type of radiation which may
be emitted should be considered as well as the strength of the dose and the likely exposure
time. Woodson (ref. 2) discusses the impact of different dose levels over different
exposure times. As an example, over 5,000 rad will cause the brain to be directly affected,
collapse will happen within minutes, and death will follow within hours. A dose of 500
rad will kill half the exposed population within 30 days, but the same dose distributed
slowly over ten years will result only in a slight increased risk of cancer. It is essential to
understand the nature of the hazard and the ways in which it can be prevented, and in the
case of radiation, human factors specialists must consult with radiation experts.
Hazard Control
Once the nature and levels of the hazards have been defined, the first step is to attempt to
eliminate them if possible. This may be done by selecting a less toxic material which will
fulfill the same function or by removing the need for human contact or presence in that
particular area. It is not usually possible to eliminate the hazard altogether, but where
possible the hazardous substance should be reduced at source. This may be done for
example, by dampening noise and vibration at its source, and in the case of radiation, may
be implemented by the use of containment of the source in a material which will absorb
radiation, such as concrete. Consideration should be given to the selection of an
appropriate containment or protection material, and the extent to which the hazard is then
reduced should be defined.
If hazards cannot be reduced to permissible limits, then protective clothing/equipment
should be considered. Again the selection of appropriate material is particularly important
for protective clothing and is discussed in more detail in section 6.2. Consideration should
also be given to medical inspections at regular intervals in order to monitor any health
deficiencies caused by the work environment.
Salvendy (ref. 1) discusses the use of engineering controls to decrease the risk potential,
but also discusses the necessary organizational features which have a part to play in hazard
prevention, such as the implementation of safe working practices and safety training.
Consideration should be given to the implementation of appropriate regulations for hazard
control, the assessment of compliance to the regulations and work practices, and the
enforcement of these regulations. Consideration should also be given to the injury data
which is collected, in terms of its suitability to assess the impact of environmental hazards,
and its ability to define and implement solutions based upon the data collected.
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3.10 Procedures Design
Procedures provide operators with step by step instructions as to how work activities
should be carried out within the facility. They supplement training and aim to reduce
human error in terms of reducing the likelihood of omitting task steps, performing task
steps out of sequence, or performing the task upon an incorrect piece of equipment.
Procedures are usually supplied for both normal and emergency scenarios and the
considerations may be different according which of the two are being developed.
3.10.1 General Considerations
The content of the procedures should be based upon the way in which the operators
actually carry out the tasks and not necessarily how the designers believe the task will be
completed. This requires the systematic identification of task needs, which can be
identified through the use of task analysis (see Activities Guide - ref. 3). Change control
mechanisms should consider procedures, so that the impact of any plant additions or
modifications, are assessed for their impact upon operations and included in the
documentation. The development and assessment of procedures requires a high degree of
input from the future or current users. Considerations relating to procedure type, content,
structure, style and format are addressed in the following subsections.
Types of Procedures
There are generally considered to be three different types of procedures and consideration
should be given to which type is most suitable. In the past procedures have been systembased. This means that the operator selects the procedure according to which system s/he
wishes to operate. There is a difficulty with this type of procedure however, as the
operator is required to perform tasks which cross different systems, such as "start-up of the
reactor", for example. Another type of procedure is the task-based or function-based
procedure. This means that the operator decides specifically what s/he wishes to do and
selects the relevant procedure. This presupposes that the operator has already defined the
appropriate action.
In the case of emergency procedures, the operator may be required to diagnose the situation
according to symptoms and then take the necessary action to restore the system to a safe
state. There has been a move towards the use of symptom-based procedures, therefore,
which guide the operator through the diagnosis process, based on the identification of the
symptoms, and then present the appropriate remedial actions.
Content of Procedures
Consideration should be given to providing the operators with all the information they need
to know without including redundant information, and ensuring that pieces of equipment
and instrumentation referred to, are specifically identified. Consideration should be given
to the inclusion of specific information such as performance goals and parameters, and
expectations relating to feedback from their actions. An important feature to include may be
the identification of potential errors, and inclusion of error recovery steps to ensure
successful completion of a task.
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The inclusion of cautions and warnings should consider the appropriate location and
size/format to ensure that the user will read them before carrying out the action to which
they refer. The differences between warnings and cautions may require clarification.
Appropriate sequencing of actions should be considered within procedures design. The
level of content included in the procedural documentation may be dependent upon the level
of difficulty of the task, the frequency and the level of training. Consideration should be
given to the use of checklists, for tasks which rely upon memory and correct sequencing,
but where the use of the full document would prove cumbersome.
Structure
Consideration should be given to the design of the document such that the operator may
easily locate the information needed, for example by the use of the contents page, page
numbers, and the use of a logical structure which is consistent with other procedural
documents. The definition of the purpose and scope of the procedures may be used to
allow the user to decide at the beginning of the document whether he or she has selected the
correct procedure. References, appendices and indices may be used to assist the navigation
and information searching process.

Style
The style of the documents is very important as it will affect the readability and usability of
the procedures. Consideration should be given to the use of concise simple statements,
minimizing extraneous information, for example "start pump A" instead of "the operator
should start the first pump at this point". Consideration should be given to the use of
familial- language, simple words and any ambiguous or undefined statements should be
avoided, for example "let the pump run for a while". In addition, consideration should
be given, to the consistent use of punctuation and other forms of text enhancement, such as
bold face and capitalization, to improve readability. Consistent spelling and rules of
grammar should be adopted and abbreviations, acronyms and symbols may be used where
they are familiar to the operators and are defined.
Format
Issues to be considered within the format of procedural documentation include the type of
print, the location and consistency of pagination methods, notes and cautions, figures and
tables, and headings and numbering so that the user can easily find the required
information. Consideration should be given to the format in terms of the use of single or
dual columns, paragraphs and so forth, so that the information is represented in a way that
is most suited for its purpose and content. The use of flow charts may be considered, so
that alternative decision paths may be presented in a clear visual manner which assists the
operator in his or her choice. Flow charts are particularly useful for presenting emergency
procedures.

3.10.2 Cross-References
Procedures relate to every other aspect of design as they document how activities are to be
carried out, how equipment or instrumentation are to be used, the protective clothing to be
worn, and so forth.
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4. CONTROL ROOM DESIGN
The control room is the focal point of the plant, and in this day of high technology, the
plant may be controlled from this area with minimal requirement to work within the plant
itself. For these reasons the control room must be able to provide the operator with all the
information s/he needs to know in order to achieve operational goals, without discomfort,
excessive stress or physical hazards. This section discusses the human factors issues
which are appropriate for the design of the control room for a nuclear facility.
There are a number of goals which apply to the design of a facility as a whole and should
be considered within the control room design and assessment. These goals relate to safety,
reliability and availability. The use of interlocks should ensure that an erroneous action
does not result in an unsafe condition within the plant. There is a need for functional
isolation and physical separation where safety and non safety related systems are located
close to each other. In addition, redundancy may be used to improve the reliability of the
system. Safe guards against such hazards as unauthorized access, radiation exposure, fire
and the release of any toxic gases should be provided. The availability target is to reduce
the frequency and the amount of downtime, and ensure maintainability.
The layout of the control room will not be addressed as a separate issue as it adopts the
principles of general plant layout and then at a micro level the layout of workstations and
control and instrumentation, addressed in the next section. This section however discusses
general considerations for the design of controls, displays, the human-computer interface
and communications. Where appropriate, references will be made to the Activities Guide
(rcf. 4) to demonstrate how the results of human factors analyses assist in the integration of
human factors issues into design and assessment.
4.1 Controls
The Activities Guide (ref. 4) discusses methods and techniques which yield information
about the requirements of the operator which include the definition of the control
requirements. Function and task analysis define what the operator is expected to do and
how s/he may implement the action. This information is used in the design or assessment
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process to specify the design aspects of controls. Additional techniques such as link
analysis define the sequence and frequency in which the controls and displays are used,
which can enable the analyst to define the most appropriate layout (see section 5).
This subsection discusses considerations which are relevant to both normal and abnormal
operating conditions and to maintenance tasks. It is essential therefore that the scope of the
task analysis is sufficient to cover these issues.
4.1.1 General Considerations
There are a number of different types of controls which are used within the control room,
and some typical examples are pushbuttons, toggle switches, levers, knobs and rotary
selection switches. Discussion of controls which are related to the use of a computer will
be addressed in section 4.3.
Control Selection
The display selected should be the most suitable for the control which is to be implemented
by the operator. The Activities Guide (ref. 4) discusses the use of task analysis to identify
the needs of the operator, and the translation of this information into a recommendation for
the selection of an appropriate control or display. Examples are the selection of a knob or
dial when continuous change is to be implemented, such as an increase in sound for a
communication mechanism, and the selection of either a toggle switch or a pushbutton for
simple ON/OFF actions.
Consistency and Compatibility
Consistency and compatibility have been discussed in section 2 of the Guide and play a part
in the selection of appropriate controls for the human-machine interface. The selection of
controls for similar tasks should adopt similar types of controls, and consideration should
be given to the type of display which may provide feedback as a result of the control action.
Controls should be located close to, and preferably underneath the display which provides
feedback for the control action, so that the activation of the control does not obscure the
display. Compatibility relating to the amount of movement of the control associated with
the amount of movement of the display is a feature which requires consideration. Low
control-display movement ratios result in slight control movements having a large impact
upon the display movement, which makes adjustments time consuming and not very
reliable. Conversely, large control-display movement ratios require large control
adjustments before an impact is created on the display movement, and can again result in
lime consuming actions. EPRI3659 (ref. 1) provides advice in this area.
One aspect of consistency which plays a role in the reduction of operator error, is the
consistency of the direction of movement of the control associated with a specific direction
of control action. An example is the movement of a control towards the right to start an
operation or increase a parameter. EPRI 3659 (ref. 1) presents a table with suggested
directions of control movement for different system component responses. The direction
of the display movement should be compatible with that of the control and this is also
indicated in the EPRI table.

Stereotypes
The direction of movement of a control is subject to stereotypes created not just within
industry, but in everyday life. For example, when the volume of a radio is increased the
control movement is usually to the right. It is important to conform to stereotypes which
are within the realm of experience of the user population. It should be considered
however, that in the assessment or upgrade of an existing system, aspects of design which
do not conform to stereotypes may exist, and it may be more suitable, in terms of error
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prevention, to maintain consistency with the designs which already exist, rather than
modifying something with which the operators are familiar.
Units of Measurement
Appropriate parameter units of measurement should be determined using the task analysis
to identify which unit may be most suitable for the task, and by asking die personnel who
will either be performing the task in the future, or who have performed similar tasks, to
express their views. The choice of scale units must be compatible with the operators view
of the plant and should not require mental conversion in order to be meaningful. The units
of measurement should also reflect the accuracy of the information the operator needs to
know. For example it is not useful to indicate flow in gallons per minute if the operator
needs to know more precisely kilograms per second. Consistency throughout the plant is
again an important feature, and should be considered between the units of measurement
used for plant instruments and those requirements specified in the procedural
documentation.
Control Size and Force
The design of the control itself should be compatible with user capabilities and ensure that
actions are error free. Suitable dimensions for specific controls are recommended in both
EPRI3659 (ref. 1) and NUREG 0700 (ref. 3). The sizes are specified according to the
part of the body which will be used to activate the control, and thus uses anthropometries to
ensure suitability. For example, a pushbutton which is expected to be operated by the heel
of the hand will be larger than that which is to be operated using a finger. Foot pedals will
be designed according to the size of the feet of the target population. Recommended
resistance data are also given to ensure that the operator does not have to exert an excessive
amount of force for the body part operating the control. Appropriate resistance levels
should achieve the optimum point between allowing accidental activation, and promoting
workplace injuries, such as repetitive strains. It should be considered however, that for
controls which have safety significance or are particularly important for a specific reason,
may benefit from the need for greater force than the other controls, as a preventative
measure against accidental activation. "Human Factors in Engineering and Design" (ref. 5)
provides a discussion of resistance.

Coding
Coding may be used to assist the operator in the distinction of controls for specific
functions. The controls should still be specifically labelled, but shape coding may allow
for quicker and more effective selection of the appropriate control. The coding may
represent different tasks or different types of movement, such as continuous adjustments or
discrete selections. There are other types of coding which may be used such as texture
coding and size coding. Size differences must be sufficient to be detectable and the
meaning of different sizes should be clear. Size is often used to communicate differences
in importance, such as the use of a larger pushbutton for the emergency shutdown button in
a nuclear power plant control room. Location coding may also be used. A discussion of
different coding methods is provided in "Human Factors in Engineering and Design" (ref.
5).
Colour Coding
Colour coding is used in nuclear facilities to represent status changes, to define different
materials, and to group things together which belong to the same category. It is important
that colour is not the only form of coding as colour blindness in an operator may render the
coding ineffective. Colour coding is only effective if it is used consistently throughout the
plant, which includes consistency between the colour coding used for hardwired
instrumentation and that used on computer control systems. The colours adopted for
different meanings should represent the industry standards and stereotypes. The designer
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may consider such issues as the contrast of the colour to its background, and the
discrimination of the colours selected. In general, less than eight different colours for use
in the control room is preferable. The International Electrotechnical Commissions standard
(rcf. 2) and "Human Factors in Engineering and Design" (re. 5) provide a discussion of
colour coding. EPRI 3659 (ref. 1) presents useful recommendations relating to colour and
discusses its use for demarcation, labelling and mimic design, in addition to general plant
colour coding.
Labelling
Labelling can also be considered a form of coding but it should be present in addition to
other forms of coding. The important aspects to consider are the content of the labelling to
ensure that it is meaningful and unambiguous, and the size of the labelling so that it can be
seen from a suitable operating distance. The content should be specific to the instrument,
panel etc. that it represents, should include no redundant information and should only use
abbreviations if they are well known, understood and consistent throughout the plant or
facility. It is important that labels adequately distinguish between pieces of equipment and
instrumentation which could be confused, and so lead to operator errors.
The size of the labelling depends upon the required viewing distance, which in a control
room can be considered to be 900mm for an operator standing directly in front of a panel,
but will obviously be greater if s/he is viewing a panel from the control desk which is
situated across the control room. Hierarchical labelling should be considered. That is for
example, the use of major (larger) labels for panels, the use of intermediate labelling for
functions or groups of instrumentation, and minor (smaller) labelling for specific
instruments. EPRI 3659 (ref. 1) provides some useful guidelines relating to the labelling
content and vocabulary conventions, labelling style conventions, placement and visibility,
and administrative procedures to ensure consistency. Section 3.4 addresses labelling and
coding issues in general.
Human Error Reduction
The design of controls should take into account the potential for operator error within the
design and assessment. There are a number strategies which can be used to reduce the
potential for human error, some of which have already been addressed in this section:
- the requirement for increased force to activate the control
- the recessing of controls into the control panel or console surface
- the use of concave surfaces for pushbuttons to make them more slip resistant
- increased separation distances
- built in locking devices or interlocks
- covers, barriers or guard rails to prevent the operators from resting on controls
- key activation
EPRI3659 (ref. 1) addresses a number of different error prevention mechanisms and
discusses the positive effects of each.
Maintainability
The Activities Guide (ref. 4) stresses the fact that throughout the design process,
maintainability should be considered. This is particularly important when planning the
space requirements to ensure operator access. Maintenance access should also be
considered, and the analyst should be aware of the task requirements to ensure that the
appropriate anthropométrie data is used for the study. The controls should be mounted so
that they can be easily removable for maintenance purposes, but are secure for operational
purposes. Labelling for maintenance is an important factor to ensure that items for
maintenance are correctly identified and replaced in their appropriate location. This
labelling should be easily visible by the maintainer but not confusing to the operator.
Maintainability is discussed more fully in section 3.2.
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Reliability
Instruments should be selected for their reliability at the time of purchase to reduce as far as
possible the time and resources required for maintainance. In areas where radiation
exposure is likely, consideration should be given to the installation of components which
require as little maintenance as possible, but in relatively hazard free areas such as the
control room this may not be such a rigid requirement. It is essential however to consider
the consequences of failure of a piece of equipment or instrumentation, in terms of safety
and productivity (fail safe mechanisms may be used). The failure mechanisms of the
instrument and their symptoms should be defined, and there should be some indication
presented to the operator that die control has failed when such a situation occurs. The ideal
situation would be to define suitable testing procedures and intervals for preventative
maintenance to ensure that failure does not occur at a critical moment or when the plant is
on line.
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4,2 Displays
The requirements of ihe operator in terms of the information s/he needs to sec, are
determined in the same way as that of controls (i.e. through the use of function and task
analysis) and should be considered together. The displays will represent information
which the operators need to know about the status of the plant, in order to decide upon the
control actions which are required. The displays should then provide the operator with
feedback as to the success or otherwise of the control actions implemented. This section
discusses human factors issues relating to display design for both normal and emergency
scenarios, and deals with issues relating to the maintenance of displays.
4.2.1 General Considerations
Display Selection
As for controls, the most appropriate type of display should be selected for the information
to be displayed. There are a number of different types of display to choose from. One of
die most common is the analogue indicator, which can consist of a fixed display with a
moving pointer or a fixed pointer with a moving display. The former is more commonly
used. Other types of displays are digital indicators, indicator lamps, counters, CRTs, chart
recorders, and windows or tiles. McCormick and Sanders (ref. 2) provide a comparison of
different display types and address issues such as the design of display pointers for meter
displays, and the design of the scale markings. Examples of appropriate selections of
displays are the use of indicator lamps to show simple ON/OFF status indications, and the
use of vertical meters with a fixed display and moving pointer, to show increases in levels.
Chart recorders are more suitable to show trend information, and digital indicators are more
useful if very precise data is required. EPRI 3659 (ref. *) presents a table which shows the
kinds of information provided by the different display types.

Visibility
The visibility of the display is an important aspect. This introduces the aspects of location
and lighting. The displays should be located within a suitable distance to be observed, and
primary displays should be located within 30° below the operator's horizontal line of sight.
The latter is particularly important to obtain the operators' attention, and some types of
display may be prone to parallax reading errors, which result in inaccurate readings due to
the pointer not lying flat against the scale. The displays should be adequately illuminated
and lighting evenly distributed, without being too bright or creating glare on the displays.
Lighting levels for different tasks are specified in "Human Factors in Engineering and
Design" (ref. 2) and lighting is discussed in more detail in section 3.5 The human factors
analyst should consider the fact that lighting requirements may be different for different
types of task within the control room. For example, the lighting levels required for the use
of a computer control system will be much lower than that required for maintenance tasks.
Design decisions may be based upon an optimum solution, which in this case may be to
provide an overall lighting level suitable for viewing operational information, and additional
spot lighting for detailed maintenance tasks.
The layout of the controls and displays will be addressed in more detail in section 5.2
which addresses work station layout, but displays should be located where possible above
the controls for which they provide information and feedback. Compatibility between
displays and controls is addressed in section 4.1 within the discussion of controls.
Displays should provide direct feedback of control actions. That is, the display should
provide feedback that the action has been completed, and not just that the action has been
initiated.
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Display Scales Design
The size and shape of the display is dependent upon its purpose and the distance at which it
must be viewed. Sometimes the size is representative of importance, but usually the
location will indicate this aspect. The shape of the display will reflect the type of parameter
it is measuring. For example, if operator needs to know the level of a tank then it may be
appropriate to use a vertical meter, whereas if the operator needs to know flow or speed
readings the it may be appropriate to use circular meters. The measurement parameters
used must be suitable for the task and consistent throughout the plant instrumentation (see
section 4.1 relating to controls). The scale markings used on the displays should be
representative of the level of accuracy with which the reading must be taken and the analyst
should consider the use of major, intermediate and minor scale markings to make the
instruments easy to read. EPRI 3659 (ref. 1) contains recommendations for the use of
scale markings and the units to be used on the scale. One way of ensuring that the operator
is not overloaded is to ensure that the scales indicate the information the operator requires,
without performing any calculations.
Labelling and Colour Coding
The human factors specialist should ensure that the labelling is clear and unambiguous, and
directs the operator easily to the correct display. The labelling must be located closer to the
display to which it refers than any other, and should be positioned above the display (see
section 3.4). Consideration should be given to the use of hierarchical labelling on panels,
as for controls in section 4.1. The labelling of items is just one form of coding which is
used to assist the operator in his or her tasks. Displays may make use of colour coding to
indicate certain information. Indicator lamps use colour coding to indicate status, such as
the use of red and green lamps to indicate OFF/ON and STOP/GO. Meters may use colour
coding to assist the operator in the diagnosis of the acceptability of plant conditions. The
human factors specialist should consider the use of colour, for example, to indicate on the
scale when a parameter is approaching and has reached unsuitable or potentially hazardous
conditions. There are industry stereotypes which must be considered, such as the use of
yellow as a warning that unsafe conditions are being approached, and the use of red to
indicate that unsafe conditions have been reached.
Reliability and Maintainability
The reliability of the display is a consideration when purchasing the instrumentation. It is
essential to be aware of the degree of accuracy of the reading which can be expected, to
ensure that it meets safety and operational requirements. Consideration should also be
given to the frequency and modes of failure. As with controls, it is desirable to implement
preventative maintenance where possible, and it is also possible to test displays where
indicator lamps are used. Meters should provide some indication that the meter has failed
so that it is discriminable from a correct zero reading. This is often achieved by the use of a
false zero, which is an extension of the .scale beyond zero, for the pointer to rest if the
instrument has failed. Spare parts for the displays, for example, replacement lamps should
be easily identifiable and easy to install. See section 3.2 for further discussion of
maintainability.
Alarm Displays
The design of emergency displays require additional considerations to ensure that they are
attention seeking, provide the operator with the information s/he needs to know in order to
select appropriate remedial action and allow for timely response. Alarm indications may be
hardwired or computer displayed alarms. The latter will be addressed within the human
computer interface in section 4.3. Visual alarms are usually accompanied by audible
indications in order to draw the operators' attention to the visual information immediately.
The use of audible tones should be considered in terms of the number of other audible
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tones which sound in the control room, and the distinguishability of the alarm tone. It is
important that it is not masked by other tones due to its pitch or loudness.
The use of alarms within the nuclear industry tends to follow industry stereotypes, which
could be described as follows: the visual alarm flashes when the alarm condition is
initiated, and an audible tone sounds. The operator is required to acknowledge the alarm in
a formal way to indicate that s/he is aware that it has occurred. The audible tone and the
flashing should stop when the alarm has been acknowledged, and the lamp will remain
illuminated until the alarm condition has been removed. Provision should be made for
these activities within the design. Another fea'.ure which is worth consideration is that of
"ring back", which is the return of the alarm to a flashing and state with the audible tone,
after a specific period of time, in order to ensure that the operator has not been distracted
and forgotten to respond to the alarm.
The analyst needs to give some- consideration to the use of flash coding within the control
room, to ensure that it is not used for more than two or three different meanings. For
example, in the control room of a nuclear power plant in the UK, flashing lamps are also
used to indicate that a valve is changing status, when this change lakes longer than a couple
of seconds to occur, to inform the operator that his action has been successful but has just
not been completed yet. A fast flash rate was used, as apposed to the slower flash rate of
alarm displays, so that no confusion would arise. Flashing may also be used to indicate a
return to a safe state, if the operator is required to reset the alarm in order to clear it.
McCormick and Sanders (ref. 2) discuss appropriate flash rates and EPRI 3659 (ref. 1)
defines some design options associated with alarm information, and discusses the use of
different alarm tones within the control room.
There are several different factors which affect the success of the alarm indications, and
these include the location of the alarms, the grouping of the alarms, and the meaningfulness
of the information displayed. Consideration should be given to the location of the alarms in
front of the control room operator and at a height where they are comfortably visible, but
are not obscured by other instrumentation. The alarms should be grouped in a meaningful
way which may represent the severity of the hazard and/or the system which is affected by
the hazard. The location of the alarm tiles used for hardwired alarm indications should be
labelled for ease of maintenance, and to assist the operator in determining further
information about the alarm, e.g. alarm limits.
The meaningfulness of the message will be dictated by the content and the terminology
which is used on the annunciator tile. The content should be specific and should be written
in language and terminology which is familiar to the operators. The alarm messages should
define the problem and should be consistent e.g. the message should read " Definition of
Item, Low Flow" if low flow is the undesirable condition, and all alarm messages should
define the abnormal as apposed to the normal condition. The message content should also
be consistent with the vocabulary, units of measurement etc. used throughout the rest of the
control system and in local to plant areas.
Consideration should be given to providing the operators with some indication of priority.
This may be achieved by location of the alarms in relation to each other, and colour coding.
It is usual for the highest priority to be coloured red and perhaps another two levels of
priority selected which may use yellow and then white. EPRI 3659 (ref. 1) suggests four
levels of priority and defines both the criteria to be used to assign the levels of priority, and
the alarm features which can be adopted to reflect the priority. The colour of the message
may be considered in terms of its contrast with the background colour to ensure
discriminability. The size of the lettering should conform to guidelines which relate to
discriminability at certain viewing distances.
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When addressing the issue of efficient and effective human performance in relation to alarm
response, the analyst may consider the possibility of nuisance alarms and the mental
overloading of the operator due to excessive alarm information. Nuisance alarms may be
the result of maintenance errors, or the selection of alarm levels which are inappropriate for
the type of operations being carried out within the facility. It is important to investigate the
cause of the alarms, so that any real unsafe state may be detected and resolved,
inappropriate alarm limits modified, or any defined changes in alarm limits suitable for
different sets of circumstances can be implemented. The overloading of operators due to
excessive alarm information may be resolved by the conditioning or rationalization of alarm
information so that only the information relating to the cause of the alarm is displayed, and
not all other alarms associated with it. The emergency procedures should however, clearly
identify related conditions which should be checked and detailed actions to be taken to
restore the system to a safe state.
EPRI3659 (ref. 1) presents useful guidelines for the design of alarm information and also
provides a design checklist for use in this area.
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4.3 Human-Computer Interface
Increasingly computers are being used in the nuclear power industry for control purposes.
The considerations discussed in this section may also be considered relevant for other
process control industries. In addition to the control of the process, computers may be
used for logging purposes, data entry and the storage of information, and general
administrative functions both within and external to the control room. Many of the issues
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discussed here are relevant to all uses of computers within the facility, but some will only
be relevant for computer control purposes.
In general the system should have data acquisition capabilities, display and alarm functions,
and recording and memory functions. The design of the system should support the high
level mental processes of the operator. Some examples of system requirements are that it
aids decision making, improves monitoring capability and performance, provides feedback,
improves communications between control room staff, and keeps a record of events during
transients and accidents. The control system should be designed so that faults in the
system do not cause an unsafe state. Data should be updated at rates which are appropriate
for the operators' tasks, and sampling, processing and analysis rates should be compatible
with parameter rates of change. Sufficient information should be available for the operator
to achieve and maintain safe shutdown in abnormal circumstances.
The Activities Guide (ref. 3) discusses the use of allocation of function techniques to decide
which tasks would be performed by computer, and which would be performed by
operators. This may be modified as the design process progresses and the design of the
control system develops. The use of task analysis, and in particular cognitive task
analysis, as discussed in the "Activities Guide" (ref. 3), will enable the analyst to define the
design features which will support the operators mental processes, and aim to provide an
error free environment. In addition, the Activities Guide discusses the use of usability
testing and prototyping to test the proposed system design at various stages of the process.
In most cases the analyst will either have to work within the constraints of an existing
system design, or will not be able to specifically define the requirements of the system as
the design will be purchased. The human factors specialist may however, be able to assess
the suitability of a certain control system for purchase, based upon these considerations. It
is important to define the criteria for acceptability of the system choice according to the
users' needs, before purchase. The design process is discussed in the Department of
Defense Handbook (ref. 2).
There are a number of important aspects of design, relating to the organization and layout
of a computer control work station, but they will be addressed within section 5.2, which
specifically addresses Video Display Terminal (VDT) workstations.
4.3.1 General Considerations
This subsection of the guide will c'.iscuss considerations relating to the following:
- hardware considerations
- display design
- dialogue and user interaction.
There arc a number of general issues which require consideration, and interfacing with the
design of the facility outside the control room and external to the computer system.
Compatibility must exist between the hardwired instrumentation used and the display
screen design, relating to such features as colour coding conventions, the use of units of
measurement, any symbols and abbreviations adopted etc. In addition, it is essential that
the operators' stereotypes, expectations and viewpoint of the way in which the plant is laid
out and operated is preserved. This will serve to reduce the likelihood of operator error,
and thus requires a high degree of interaction from the end users in the design and
assessment process.
If computer control is a recent introduction to the facility, or part of a new facility design, it
is important that the system is designed for novices, and that means that it must be easy to
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learn, easily navigable and easy to operate. The interaction with the operator must be userfriendly and obvious, with as little reliance upon memory as possible. Simplicity is the key
to a system which is usable and robust against operator error. It will also lead to reduced
frustration and more efficient performance. These issues will be discussed further in
relation to specific design issues, within their relevant sections.
Hardware Considerations
It is important to the health and the comfort of the operator that the flicker rate of a
computer screen is considered. The regeneration rate of the screen needs to be above the
critical frequency of fusion, and this can be successfully achieved at approximately 60 Hz
and above. The contrast ratio of the screen is another aspect which will impact upon the
eyesight of the user and can be affected by the level of ambient light. Issues such as
display luminance and resolution, the colour of the light emitting substance (phosphorous)
and the level of persistence should be addressed in order to achieve a system design which
is easily visible and comfortable to the operator. Hardware issues are addressed by
Gilmore in reference 1.
There are other factors which contribute to the success of computer use in a working
environment, such as the positioning of the monitor and the keyboard, and the reduction of
glare on the screen, but these issues will be addressed within work-station design for Video
Display Terminals (VDTs) in section 5.3.
Screen Size and Display Type
The designers will wish to select a size of screen which is appropriate for the tasks and the
amount of information to be displayed. Decisions will also have to be made about the type
of displays which will be used. Different display formats will be discussed later in this
section, but choices between system-based displays and task-based displays will have to be
made. Usually the computer control system will consist of both. Task-based displays
ensure that all information relating to a particular task is located together, for example, in
the case of a start-up display. System-based displays will allow the operator to examine all
the parameters associated with a particular system, such as temperatures, flows, pressures
etc., associated with component cooling water.
Display Structure
An appropriate display structure should be considered in order to allow navigation
throughout the system. In the past hierarchical display structures have proved efficient,
with overview displays at the higher levels, and more detailed displays at the lower levels,
representing parts of the system. The structure should be easily comprehensible, and
navigation aids should be provided on the screen to allow the user to progress to more
detailed levels, other displays on the same level, and move back up through the hierarchy,
for example. Each display should have, a unique identifier and title which is meaningful to
the user, and can be used to provide direct access to the display on the screen. That is , the
navigability of the system should be such that it provides for any route through the displays
that the user may wish to take.
Screen Layout
Displays should adopt a standard format and layout for similar types of displays. For
example, consideration should be given to a consistent location for alarm information,
messages, prompts symbols and other display features such as navigation aids. The way
in which the operator interacts with the displays should also be standardized. Trade-offs
may need to be made between the information density on the screen and the provision of
complete task information. The designer should aim to avoid clutter but consider the
benefits of providing all the information that operator needs to complete a task, or. one
screen. The grouping of information on displays should consider the frequency of use of
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certain information/control options, the importance of the indications, the sequence of use
of certain actions and the functional grouping of information. The designer should adopt a
logical layout of information according to the task in hand.
If the display type is a mimic, representing part of the plant or facility in a graphical form,
the layout of the symbols and data on the screen should represent as closely as possible the
actual layout of the equipment, in order to adhere to the operators mental model of the
plant. The information on the screen usually progress from left to right on the screen, to
conform to natural stereotypes, but in special cases this may be modified. For example, if
the system is a gravity feed then the flow of information would more usefully progress
from the top to bottom of the screen. Issues relating to layout of information on a computer
screen are addressed in Gilmore (ref. 1).
Display Formats
Appropriate display formats should be selected according to the type of information to be
displayed. Examples of commonly used formats are analogue displays, digital displays,
trend plots, mimics, barcharts, and binary displays. Mimics are very popular in process
control situations as they graphically represent parts of the plant, and so allow ease of
understanding of the plant status, particularly if the displays are dynamic. Trend plots are
suitable to view changing data over time, digital displays are appropriate for data which
requires a high degree of accuracy, and analogue and barchart displays are used to show
data points in comparison with their range of values and acceptable bounds. Guidelines for
the design of these displays on a computer screen are similar to those for hardwired
displays (see section 4.2), and address size, the use of colour coding, the movement of
displays according to changes in parameters, scale markings and graduations (see Gilmore
- ref. 1 and the Department of Defense Handbook - ref. 2)
Labelling
Text may be included upon the screen to label items on a mimic, label displays and define
data on other formats, and to provide messages for the system user. Consideration should
be given to the type of font used. It should be a simple font rather than an elaborate font, in
order to achieve readability. Another important feature to consider when selecting the font
is the discriminability of certain letters and numbers from each other, such as X and K, and
S and 5 for example. The use of upper case demonstrates the high level nature of the label
on screen titles, but general text should use lower case in order to be easily and effectively
read by the user. The consistency of abbreviations within the system and throughout the
plant should be considered, so that no confusion is created, and the abbreviations should
conform to accepted stereotypes and conventions. Punctuation should be avoided where
possible on labels and elsewhere on the screen. The text should conform to guidelines
specifying the size according to the viewing distance, and the size of the screen. The
designer should also address the contrast of the letter on the screen for readability
purposes.
The Department of Defense Handbook (ref. 2) discusses aspects relating to the format and
structure of text on the screen as well as issues relating to style and punctuation. Gilmore
(ref. 1) provides a set of guidelines which can be used to address text design. Both
references discuss labelling as a specific use of text. The guidelines address similar issues
to textual concerns in general, such as the use of abbreviations, punctuation, size and
clarity. In addition, the positioning of the labelling should be considered so that it is above
and closest to the item to which it refers than any other item (as for hardwired displays).
Messages
The use of text as messages on the screen requires consideration of the length of the
message, its meaningfulness (in terms of the content, the language used and the clarity of
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the message) and the workload it imposes upon the operator. Messages may be of several
different types, including prompts for the operator to take an action or confirm an action,
error messages, information messages or alarm messages. Coding should be used in order
to allow the operator to distinguish between the type of message. The coding used may be
colour coding, location and/or format. It is recommended that colour coding is not the sole
form of coding as some users have difficulty with the discrimination of colours.
Numeric Data
In additions to text, there are conventions for the display of numerics on a computer screen.
Issues to be considered include the presentation form of the numerics (in a table, on a
mimic, or on a graph for example), the layout and coding of numeric data so that it is
meaningful, the size of the numerals so that they are readable, the contrast so that they are
discriminable, and the grouping of numerals to make them easier to read and comprehend.
The positioning of the numeric data is particularly important on a mimic screen which
displays measurement parameters. Measurement parameters should provide information
somewhere in the system, about the degree of accuracy which can be expected, and the
units of measurement should be displayed. Consideration should be given to a form of
coding to indicate which of the parameters can be modified by operator actions and which
arc not under the control of operations staff. Gilmore (ref. 1) provides guidelines for the
presentation of numeric data on computer screens.

Coding
Coding has been mentioned a number of times already in this section as a means of
differentiating between items of information, to draw attention to certain changes in system
state, and to indicate important, hazardous, or critical information to the user. The most
commonly used form of coding is colour coding, but other forms of coding include shape,
location, size, brightness, auditory coding and flash coding. Colour coding should be used
consistently and conform to industry stereotypes. It is used to represent certain materials or
process flows and can be used to represent status information. Gilmore (ref. 1) presents
some meanings for specific colour codes used within the nuclear industry, such as blue to
represent water, and red to represent a hazardous condition. When using colours, the
designer should consider the contrast and discriminability of certain colours used against
certain backgrounds, and the discriminability of colours from each other. In addition ,
colours may be selected for a particular purpose according to certain factors, such as
attention seeking properties and the impact it will have upon the eye (e.g. eye strain).
Where shape coding is used, consideration should be given to simplicity, consistency and
conformance to stereotypes, for example by using pictographic codes from conventional
Pipe and Instrumentation Diagrams (P&IDs) to represent valves, pumps, filters etc. on a
mimic display. Attempts should be made to retain the same orientation of the symbols on
the screen. Brightness can be used to enhance coding but should only represent one
meaning. For example, brightness may be used to reflect an ON state in addition to green
coding, or brightness may be used to reflect alarm states. Inverse video is a specific form
of brightness coding, which could be used to highlight items which require operator
attention, or which have been selected by the operator for a modification of status or
parameter value.
Flash coding has already been addressed in the discussion of hardwired alarms but is also
relevant to computer displays. This form of coding is usually employed as an attention
seeking mechanism. The Department of Defense Handbook (ref. 2) recommends that only
two different flash rates should be used with two different meanings, and suggests a
specific flash rate for each. Auditory coding is another form of coding which should only
be used for attention seeking purposes. The Department of Defense Handbook (rcf. 2)
provides guidelines for the number of auditory signals, pitch, intensity and duration of
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auditory signals. For both the flashing and auditory coding, consideration should be given
to the use of these forms of coding throughout the control room, and not just for the
computer system, as the control room operator will be exposed to both.
Feedback
The design of the computer system should ensure that feedback is provided to indicate to
the user the success or otherwise of the action that has been initiated. In some cases where
system response times are long, consideration should be given to feedback which indicates
that the action is in progress. As for hardwired instrumentation, the feedback should give a
direct indication that the action has been completed, as apposed to feedback that the action
has been initiated. The feedback presented to the user should be compatible with the action
implemented.
Error Prevention
When an operator has committed an error, messages should be presented to indicate what
type of error has been committed, and guidance should be provided as to how it can be
rectified. Errors may be a result of requesting actions which the user is not permitted to
implement, requesting actions which are not valid in certain circumstances, or which will
create unsafe conditions. The format, content and timing of the error message should be
considered and an option for the provision of further information should be made available
(A HELP facility, for example). The Department of Defense Handbook (ref. 2) provides
an example of an error message, and this reference and Gilmore (ref. 1) present useful
guidelines for the construction and use of error messages. A HELP facility should be
provided to the system users so that they may access on line information about technical
aspects of the plant and about their interaction capabilities and limitations associated with
the use of the computer control system.
Alarm Information
Alarm information on a computer screen requires similar considerations for design as
hardwired displays (see section 4.2). This includes the consideration of the meaningful
grouping of alarms, the prioritization of alarms using some form of coding, the use of
audible tones and the response conventions of the operator (how the operator
acknowledges, and resets alarms). There are some additional considerations which will
enhance the design of alarm information and optimize response performance. On a
computer system, the alarms can be presented in a chronological order so that the operator
can see the order in which the circumstances arose. The system may have the capability to
suppress alarms which are secondary in importance and therefore assist the operator in the
rationalization of the information. It may allow direct access to further information about
the alarm (e.g. alarm settings), from the screen where the alarm is acknowledged.
Consideration should be given to the presentation of the alarm condition to the operator on
whichever screen s/he happens to be viewing at that time, but require them to access the
page containing the alarm information in order to accept the alarm, so that the operator is
aware of the specific alarm condition. Consideration must be given to the location on the
screen of this initial alarm message, and the attention seeking properties which will ensure
that the indication is not missed. This may provide the rationale for using more than one
computer control screen. It is possible for one screen to be dedicated to alarm information,
but in this case, the use of auditory tones to attract the users attention is particularly
important.
Input Mechanisms
Even if die display features have been designed with the consideration of human factors
issues, the use of the computer system will only be effective if the interaction process is
optimized. In order to do this , the specialist should examine both the input mechanisms
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and the dialogue interaction itself. There are many different types of input mechanisms
which include, the mouse, programmable keys, touch keypad, light pens, joysticks etc.
The most commonly used however is the standard QWERTY alphanumeric key board.
The selection of the appropriate mechanism depends upon the input requirements, such as
the need for discrete or continuous change, the precision, force and speed required, the
likelihood of confusion between controls, feedback requirements, and stereotypes.
The mouse is popular as it allows easy definition of items for control, on screens which
represent the equipment or plant items, such as mimic displays. The QWERTY keyboard
is used to enter specific information or values. Programmable keys and function keypads
are used when there is a relatively small number of well defined functions that the operator
is required to carry out. It provides a less time consuming and more user friendly way of
interacting with the system. The designer may wish to consider the reliability and the ease
of use of the input mechanism when making a selection which is appropriate for certain
tasks. For example, the touch keypad does not provide much tactile feedback as to the
successful initiation of the action, and the use of the light pen can sometimes result in the
activation of the incorrect control on the screen.
A number of design aspects require consideration for successful interaction. The labelling
of all input mechanisms, such as keypads, is an important aspect to ensure error free
performance. Gilmore (ref. 1) discusses some of the other considerations which include,
the resistance level of the control which is optimum for the precision, feel and speed of the
movement, key displacement, tactile and auditory feedback of key activation, the spacing of
keys, the layout of the keypad, and the existence of key roll over (in a situation where the
user presses two keys at once, key roll over will ensure that both initiations are registered).
Gilmore discusses the pros and cons of different input devices and provides guidelines for
their design.
Dialogue Styles and Formats
References 1 and 2 both discuss different types of data entry and user dialogue styles
which can be used on a computer system. These include the use of question and answer
dialogue (Initiate Start-Up - Yes/ No?), form filling, menu selection and command
language. The selection of the most appropriate type of dialogue will depend upon the tasks
to be completed and the experience level of the operator in using a computer system.
Command language consists of a user initiated sequence of actions. This requires some
knowledge on the part of the user and so may only be suitable for experienced computer
users. Attempts have been made to standardize the terminology used in command
language, by the use of standard definitions, such as the meaning of HELP to request on
line assistance. For a less experienced use, it would be more appropriate to provide a field
on the screen labelled HELP which can be targeted as required.
Form filling is obviously used for data entry tasks. This form of dialogue should consider
the flexibility of the data to be entered, e.g. can the user change the headings on the form
and are they permitted to modify all the data fields? Errors in entry and how they can be
rectified is another important aspect of form filling. Question and answer dialogue is only
really used to supplement other forms of dialogue. One of the most popular forms of
dialogue is the use of menu systems. This allows the user to view the options which arc
available to him or her, and select an appropriate option using coding or highlighting with
an input device, such as a mouse. The considerations which are important here are the
speed of response of this use of dialogue compared to others, the navigation between
menus (and hence the display structure as previously discussed), and the meaningfulness
of the options presented to the user, to ensure that the amount of learning and reliance upon
memory is reduced.
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The use of windows may be considered to allow the operator to view more than one
display on the screen at any one time. Consideration should be given to the reduction in
system response time which may be incurred by the use of a number of windows at once,
the identification and navigation aids which will be used to ensure that the operator is not
confused about the location within the system, and the design of the access system which
allows the window to be opened. The use of windows is compatible with the menu
dialogue system.
Control activation conventions should be defined to make the role of the user as simple as
possible. When changing the status of a piece of equipment for example, the operator may
be able to highlight the equipment parameter on the screen and implement the action upon
that parameter using simple commands or keystrokes. The use of prompts and
confirmations should be considered to ensure that the operator is always aware of the next
step which is required.
Other aspects which may be considered by designers and human factors specialists are the
use of performance aids such as diagnostic aids and expert systems, within the control
room to support the operators' function. There may also be a need to consider the use of a
security system, restricting access and the type of access that different job positions will
have relative to the control system.
References 1 and 2 both provide checklists which can be used by the human factors
specialist to assess the adequacy of a proposed design or an existing system.
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4.4 Communications
Human factors input to the design of task environments, training and procedures may still
not result in effective performance if the required communications do not successfully take
place within the plant or facility. The issue of communications is not restricted to the
control room but as the centre of control, it is usually the centre of communications. The
following issues then, apply to local to plant areas as well.
4.4.1 General Considerations
The identification of required communication links is a first step in the provision of
adequate facilities. The Activities Guide (ref. 2) explains how task analysis and link
analysis can be used to identify the required communications within specific tasks, and
EPRJ 3659 (ref. 1) discusses the process of the design and assessment of communications
systems.
Communication Links and Facilities
It is essential that links are identified for both normal and emergency scenarios, and that the
amount of use of each link is also defined. Contact is required between different local plant
operators , and between the local operators and the control room to inform each other of
any abnormalities, to verify certain conditions, to inform each other of the stage in a
procedure they are at, which may impact upon the others' activities, to request information,
and to give instructions. It is essential that both the necessary facilities and appropriate
communications procedures are defined.
Appropriate communications facilities for the task and the area in which it is to be carried
out, should be determined. Telephones should be located in strategic areas of the plant,
where work may be carried out which requires contact with other plant areas or the control
room. If these areas are not suitable for telephones then alternative communications media
should be considered, such as the use of radios or pager systems. If the communication is
necessary plant wide then the use of loud speaker systems should be considered. The
loading upon each communication link can be identified using link analysis, and this must
be translated into recommendations for the numbers and the location of the communications
facilities. EPRI 3659 (ref. 1) list different types of communications equipment, with a
description of their service, and details of typical sender and receiver operations.
Performance Shaping Factors
The consideration of performance shaping factors (PSFs) will ensure the effectiveness of
the communications system design. That is the definition of aspects of the work
environment which may detrimentally affect human performance. There are a number of
PSFs which may be relevant to different plant areas. They include noise and the wearing
of protective clothing. There may be certain areas where noise from the operation of
equipment will interfere with the successful communication. It is necessary to identify
these areas and determine the best solution, which may be the use of a tannoy system
which has an automatic volume gain in relation to the background noise, or the use visual
indications rather than auditory indications. The wearing of protective clothing in active
areas may cause problems hearing through hoods and helmets for example, and it is
difficult to communicate through helmets and breathing masks. The need to touch
telephones with contaminated gloves also presents a hazard. One solution may be to
provide a headset.
Considerations should be given to other factors that may be detrimental to performance,
which are not related directly to the working environment. Communication may be
unsuccessful due to the lack of clarity of Unes of authority and communication, high

D45
workload, or inadequate procedures. Unsuccessful communication may also be related to
internal factors such as memory overload, stress or fatigue. Design considerations should
attempt to ensure that these detrimental affects upon performance do not occur.
There may be other aspects of the work environment or features of the communications
mechanisms themselves which result in poor quality communications. For example,
electromagnetic interference and/or location and distance from the communication source
may render the use of radio communication unacceptable. EPRI3659 (ref. 1) provides a
table which details desirable transmission characteristics for some basic types of
communications equipment, including the dynamic range, bandwidth, attenuation
distortion, phase width and signal loss.
Communications Testing
The communications systems should be tested during the commissioning phase of the
design process to ensure that the facilities arc adequate in terms of quality and quantity, and
that adequate communications procedures have been defined. This includes the
incorporation of communications instructions within procedures, to tell the operator who
requires contacting, at what point in the procedure, and what information needs to be
transmitted. Any logging requirements associated with communications should also be
clearly identified.
4.4.2
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5.

WORKSTATION DESIGN AND ASSESSMENT

Workstation design includes the design of the control desk which houses the means of the
control, the layout of the workstation and other panels in control areas, and encompasses
issues such as the design of a working environment for the use of a computer, seating
design, the design of the environment, and the task to optimize manual handling. Each of
these aspects are considered in turn in the following subsections of the guide.
5.1 Console Design
The console is the name given to the control desk or workstation at which the control
activities take place. In the case of a nuclear facility, this is usually the control desk in the
control room, but it is feasible that there are control desks at some local locations and so it
may apply to other areas. The console also refers to other workstations such as
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engineering workstations, and office workstations in which the console is then the desk at
which the worker is situated. The requirements for the design of the workstation can be
defined and implemented using task analysis and workstation analysis, as discussed in the
Activities Guide (ref. 2).
5.1.1 General Considerations
The following issues should be considered within console design.
Console Location
The location should be considered so that the operator can see all the information sources
that are required in order to be able to perform his or her activities. This may be in a
control room or a local plant area. The console configuration should also be considered, to
house the information the operator needs to look at on a frequent basis. A number of
different console shapes have been identified in EPRI3659 (ref. 1) and are discussed for
their suitability. Viewing angles and distances should be considered so that visibility
requirements for the design and location of instrumentation can determined (see sections
4.1 and 4.2 on control and display design).
Console Type
The designer should select the most appropriate type of console for the frequency and
duration of tasks which are to be carried out at the workstation. A seated workstation is
usually provided if the operator spends a large proportion of his or her time at the console.
If the operator is infrequently there, or present for only short periods of time, then it is
perhaps more efficient to have a standing console. If the operator is to and fro, but does
spend some consistent time at the console then it can be designed as a sit/stand workstation.
This decision impacts upon the height of the console and other design dimensions. EPRI
3659 (ref. 1) discusses the different console types and some proposed dimensions for
each.
Anthropometries
Anthropométrie data or data describing body dimensions should be considered in the
design of the console itself to ensure that the operator can adequately reach die controls
which must be operated and adequately view the displays. This includes consideration of
the shape and size of the console so that any information in front of it, such as alarm
displays, can be viewed over the top. Access space should be considered so that the
operator can comfortably sit with his or her knees under the horizontal surface. The
posture of the operator at the console should also be considered. This will impact upon the
dimensions of the console, and also the design of the seating, which is discussed in section
5.4. Consideration should be given to adjustability to ensure compatibility with different
sizes of operator and different performance requirements.
Surface Properties
Illumination of the console in general should be considered. The lighting level in the
control area should be adequate to allow for the workstation activities, but if this is not
possible, the addition of task-specific lighting should be considered (see section 3.5).
Light reflectance will impact upon general illumination levels and sound reflectance will
affect the reverberation of sound in the control area, so these issues should be considered in
terms of their impact upon the comfort and performance of the operators. EPRI 3659 (ref.
1) discusses the use of some surfaces which are undesirable for these reasons.
The use of carpets should be considered in the control room, to reduce light and sound
reflectance, and to create comfort and an aesthetically pleasing environment. The colour of
the console and panels has an impact upon the performance of the operators in terms of
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glare and mood. Colours should be selected for example, which are matt, non-reflective
and calming, such as pale beige, cream or pale blue.
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5.2 Workstation and Panel Layout
The designer is required to layout the instrumentation according to the way in which the
operator needs to use the instrumentation or equipment at a workstation, by applying
ergonomics principles. There are a number of factors which should be considered, and
they include:
- the grouping of instrumentation
- logical arrangement of instrumentation within the group
- display/control relationships
- enhancing recognition and preventing operator error
- standardization and consistency
Each of these aspects will be addressed in turn within this section

5.2.1 General Considerations

.

Task Analysis, as discussed in the Activities Guide (ref. 3), will identify the way in which
the instrumentation will be used to carry out operational activities. This information can be
used to develop a grouping which optimizes performance, by adherence to certain human
factors principles.

Instrumentation Grouping
Consideration should be given to the grouping of instrumentation according to function;
that is instrumentation which have the same function or instrumentation that is used to carry
out a particular activity, should be grouped together. Consideration should also be given
to the logical sequence of use of groups of instrumentation, so that the layout may reflect
this sequence, and the importance and frequency of use of the instrumentation, so that
those pieces of instrumentation which are more important and more frequently used can be
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located closest to the operator. Link analysis, also discussed in the Activities Guide (ref.
3), will assist in the provision of information about the frequency of use of
instrumentation. NUREG 0700 (rcf. 2) provides a discussion of these principles.
Logical Arrangement of Instrumentation Within A Group
When groups of instrumentation have been located on the panel, the human factors
specialist should consider the arrangement of instrumentation within the group, according
to the same principles of function, sequence of use, frequency of use and importance.
Trade-offs may need to be made in the design process, for example between a functional
relationship of instrumentation and an arrangement which represents sequence of use. It is
up to the analysts, designer and users to decide which principle is more important in terms
of optimizing performance, by reducing search time for the correct piece of instrumentation
and preventing error.
Consideration should be given to the symmetry of control and display grouping, and
arrangements should be based upon stereotypes and the expectations of the operators, for
example the arrangement should progress from left to right on the panel or console if
possible, and from top to bottom if the former is either not possible or desirable. Labelling
should be used to identify groups of instrumentation as well as individual controls and
displays. It is useful to adopt a system of hierarchical label sizing so that the panel label is
larger than the group label, and the group label is larger than the individual instrument
label. This aspect of labelling is also discussed in sections 4.1 and 4.2 relating to display
and control design.
Display/Control Relationships
Display/control relationships should be made apparent by the consideration of location and
the possibility of obscuration of the display by activation of the control, and displays
should be located above the controls with which they are associated. Other considerations
to make the relationship apparent are labelling, other types of coding, demarcation, the
direction of movement of displays in relation to controls, the compatibility of the rates and
limits of movement, and the consideration of operator expectations (see also section 4.1
and 4.2 relating to control and display movement compatibility).
Where it is not possible in terms of space to locate all controls beneath displays, and a
design results where a vertical array of controls relates to a horizontal array of displays,
considerations should be given to orientation stereotypes. In this situation for example, the
left hand display should relate to the control at the top of the vertical array of controls, and
so on. If strings of displays are used on panels or consoles, consideration should be given
to the length of the string and the grouping of the string elements so that viewing is
enhanced. If a matrix arrangement is used, then axis labelling and appropriate demarcation
should be considered.
In situations where a display selector control is used, consideration should be given to the
location of the displays in relation to the selector switch and an indication of which display
has been selected. NUREG 0700 (ref. 2) provides a useful discussion of control/display
compatibility which will enhance the design of panels and consoles.
Standardization and Consistency
Where particular layouts are used for specific types of panels or specific tasks, consistency
should be maintained throughout the facility where possible. That is, functional groups or
sequences should be similar in their layout, particularly when workstations across the site
are to be used by the same personnel. There should be consistency between the layout of
hardwired instrumentation and displays screen designs for computer control purposes, as
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previously mentioned in section 4.3, and consistency should be achieved between
simulator layouts and actual panel layouts.
The Enhancement of Recognition and the Prevention of Operator Error
Error prevention measures have already been discussed in relation to control and
instrumentation design, but panel and console layout has a part to play as well.
Consideration should be given to the location of controls so that they are not inadvertently
activated, for example they should not be located on the horizontal surface of a console,
where the operator may rest upon them. The separation of controls, so that the activation
of one does not inadvertently activate the other should be considered, and a table of
recommended separation distances is presented in NUREG 0700 (ref. 2). If in fact, two
controls require activation at the same time, the analyst may consider their location next to
each other. Where two control are to be activated by two different people for security
reasons however, consideration should be given to adequate separation, so that it is not
possible for one person to activate them at the same time.
Consideration should be given to the use of demarcation lines to separate groupings of
controls and displays, to allow for ease of identification by the operator. EPRI 3659 (ref.
1) presents some convention for lines of demarcation, such as the thickness of the lines,
and the colouring and shading of zones. In addition, the designer should avoid confusing
instrumentation layouts, such as the mirror imaging of a group of instrumentation.
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5.3 Video Display Terminals (VDTsi
Although a VDT console is just a specific type of workstation, the use of such equipment
raises a number of additional considerations which affect the usability of the VDTs and the
comfort of the operator. The following subsection addresses some of those considerations.

5.3.1 General Considerations
This section of the document discusses only the layout and positioning aspects of VDT
systems, as the design aspects of computer hardware and software are discussed in section
4.3.

Space Requirements
Consideration should be given to the amount of space which is required at the workstation,
not just for the VDT monitor and the keyboard but for other articles which are associated
with the users' activities, such as documents and other input devices which may be
desirable for the task in hand. Workstation and human-computer interface analyses,
discussed in the Activities Guide (ref. 3), will provide information about user requirements
and allow the human factors specialist to identify a layout of equipment and materials on the
VDT desk, which is appropriate for the tasks which are to be carried out.

Workplace Injury Prevention
In order to prevent workplace injuries such as repetitive strain injuries and eye strain,
consideration should be given to the position of the monitor. This will aim to reduce
uncomfortable neck positions which may be caused by placing the monitor too high, too
low or too much to one side. The monitor should be placed within the normal visual field
of the operator and adjustability should be considered in the vertical and horizontal plane.
Consideration should be given to the viewing distance and the character size , in order to
optimize readability and reduce the likelihood of eye strain. Consideration should also be
given to the position of the cabling to avoid tripping and electrical hazards.
Consideration should be given to the location of the keyboard in relation to the monitor,
and to the positioning of the keyboard in terms of its height, so that the use of both at once
does not demand uncomfortable neck movements,. The thickness of the keyboard will
impact upon the height of the work surface, and so requirements for the height of a VDT
work surface may differ from that of an ordinary work surface. Consideration should be
given to the angle which must be adopted by the wrist in order to complete keying
activities, in order to prevent wrist injuries. Wrist supports may be considered. In
addition, the analyst should aim to minimize arm and shoulder fatigue.
Both the Canadian (ref. 2) and the American Standards (ref. 1) provide guideline data for
recommended monitor and keyboard positioning.

Lighting
General levels of illumination should be considered in terms of their adequacy for the use
of VDTs, and it should be borne in mind that inadequacy could mean that the lighting levels
could either be too low or too high, both of which are detrimental to performance. The
positioning of the light sources should be considered in terms of the possibility of creating
glare on the screen, and options for glare prevention should be explored. The impact of
lighting upon the use of VDTs is addressed in references 1 and 2.
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5.4 Seating
Posture is an important factor for the health and comfort of the workers who muast be
seated at a workstation or a VDT. The design of the seating, in addition to the design of the
workstation will impact upon the postures adopted.

5.4.1 General Considerations
When designing a seat or selecting an existing design of seat, consideration should be
given to the purpose for which the seat is intended to be used, the length of time for which
it will be used, and the dimensions of the target user population (anthropometries). Task
Analysis as discussed in the Activities Guide (ref. 3) will identify these aspects.

Seat cushion
Consideration should be given to the softness and compression of the cushion so that it is
comfortable, and the use of non slip, permeable fabric to allow ventilation and guard
against pressure points. The designer should address the issue of adjustability of the seat
cushion in terms of the angle of tilt, so that it can accommodate forward postures for certain
tasks such as reaching, and backward postures such as that adopted when reading a
document perhaps. Consideration should be given to the edges of the chair to ensure that
they are not sharp and will not cause injury.

Seat Height
Consideration should be given to anthropométrie data to ensure that the seat can provide the
adjustability in height which is required for all sizes of people within the target population.
The seat should be considered in conjunction with the work surface for which it is to be
used, to ensure that the users will be able to sit with their legs comfortably under the work
surface. Recommendations are given in references 1 and 2 about desired height
adjustments.
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Back Rest
Consideration should be given to the design of a back rest such that it supports the natural
curvature of the spine and is adjustable vertically and horizontally to accommodate different
user sizes.
Arm Rests
The analyst should decide whether an arm rest is useful, based upon whether there is a
need for a wide range of arm movements. Consideration should be given to the height of
the arm rests to eliminate awkward shoulder and elbow positions, which may cause strain
to the body.
Chair Base
The analyst should consider the stability and mobility of the chair in the design of the chair
base, so that the design allows for twisting, but protects against tipping and tripping. This
will impact upon the size of the base and the design of the casters. It also has implications
for the texture of the floor. For example, an uneven floor or a slippery surface may make
the use of a chair hazardous.
Foot Rests
Consideration should be given to the provision of a foot rest for the comfort of the user,
especially in situations where the chair height has to be raised to be compatible with the
height of a fixed work surface. Poor foot postures, such as uncomfortable flexing,
stability, adequate size of the foot rest to support two feet, and the use of a non slip surface
are aspects which can be addressed to provide a safe and comfortable design.
References 1 and 2 both provide data which can be used for the design of the seat to be
used at different workstations. In addition to the provision of the required adjustability of
the seat, it is important to educate the users about the short and long term affects of poor
postures, and train them to adjust their seating to optimize comfort. Consideration should
be given to the length of time the user is seated a specific posture so that rest breaks and a
rotation of activities may be considered, with the aim of reducing the likelihood of
workplace injury.
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5.5 Manual Handling
The word workstation refers to any area in the plant or facility where work is carried out,
and does not refer solely to panels, and VDT workstations. The work areas local to plant
also have to facilitate manual activities such as manual handling. This section addresses the
design of the workstation for physical activities.
5.5.1 General Considerations
Chaffin and Anderson (ref. 1) introduce the topic of manual handling by presenting some
statistics from the National Institute for Occupational Safety and Health (NIOSH) relating
to overexertion injuries, which demonstrate the importance of the consideration of this area.
In order to create a design suitable for manual handling activities, the analyst should
address the following aspects:
- worker characteristics
- material characteristics
- task characteristics
- work practices
Worker Characteristics
Some examples of worker characteristics worthy of consideration are:
- physical characteristics such as age, sex, anthropométrie data, and postures adopted while
working
- sensory characteristics such as visual, auditory and tactile abilities
- motor characteristics such as strength, endurance, range of movements and so forth
- psychomotor characteristics such as reaction time, and coordination
- training/ experience
- leisure time activities, for example activities which may improve physical capabilities such
as weight training.
Load Characteristics
Load characteristics such as the weight of the load, the pushing and pulling requirements,
the dimensions of the load, the load distribution, the distance the load is to be carried, and
the characteristics of any couplings used to aid grasping the load (handle size, texture,
shape and location).
Task Characteristics
Task characteristics include the design of the workstation to accommodate manual handling
such as the height of the surface from which lifting must take place, the height of the
surface to which it must be transferred, the distances to be travelled, and any potential
obstacles in the path. Other considerations which are important for the optimization of
manual handling activities are the frequency and duration of handling activities, and the
complexity of the demands in terms of the precision required, the extent of manipulation
necessary, and the number of kinetic components which comprise the task. In addition, the
analyst should consider the impact that environmental aspects may have upon performance
e.g. lighting, the thermal environment, noise and vibration.
Work Practices
Individual work practices may impact upon the success of manual handling and the health
of the handler, such as the speed and accuracy with which activities are carried out and the
postures adopted while doing so. Analysts should also address considerations relating to
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organizational aspects of work, such as staffing levels, the utilization of teamwork,
scheduling, productivity targets, shift systems, and health and safety rules and regulations
which govern manual activities. The human factors specialist should consider the
awareness of the worker of the impact their activities may have upon their well being and
their understanding of how to make improvements where necessary.
Chaffin and Anderson (ref. 1) and NIOSH (ref. 2) discuss these aspects of the work
design and activities which are relevant to the consideration of manual handling activities
and provide data which will assist the user of the guide in developing a suitable design.
Reference 2 presents a table of suggested weight limits for lifting, for men and women and
for different ages, which originates from the International Labour Organization.

Defining Lifting Hazards
NIOSH (ref. 2) recommendations for lifting are based upon two levels of lifting hazard: the
Action Limit (AL), the exceeding of which will increase the risk to some workers; and the
Maximum Permissible Limit (MPL), the exceeding of which will increase the risk to most
workers. The NIOSH Guide (ref. 2) provides examples of how jobs can be evaluated
using the AL and the MPL system.

Controlling Lifting Hazards
Consideration should be given to the introduction of engineering controls and job aids,
where risk of work injuries exists. These may take the form of reducing the weight of
objects to be lifted, the reduction of the height the object is to be raised, and the distance to
be travelled, or the provision of a hoist. These controls should be supplemented with
administrative controls such as improved staff selection, training, the introduction of
regular rest breaks and possibly job rotation. NIOSH discusses considerations for the
development of a manual material handling worker training program.

Load Pushing and Pulling
Important elements of pushing and pulling tasks, like lifting, are the weight and size of the
object to be moved and the distance it is to be moved. The analyst should also consider the
height of the handle against which the pushing or pulling must take place. Other aspects
worthy of consideration are the force required to move the object, postures adopted during
movement, and the potential for foot slippage. Remedial measures must be suggested
where problem areas are identified. Data are provided in references 1 and 2 relating to the
limits for workers who perform occasional pushing and pulling activities, in good
postures, and on varied traction surfaces. General consensus guidelines are also presented
for floor and shoe materials (from the French Institute of Safety).

Asymmetric Loading
Asymmetric loading should be considered, as it will impact upon muscle activity during
lifting and cause uneven stresses. Data are presented in Chaffin and Anderson (ref. 1) on
the mean static forces of males in various asymmetric exertions.
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6. TOOLS AND EQUIPMENT
This section of the guiding document discuses the human factors issues associated with the
design, selection and assessment of tools and equipment that the operators may use
throughout the plant.

6.1 Tools
6.1.1 General Considerations
Task Analysis can be used to define the tools which are required, and the capabilities the
tools must have (see the Activities Guide - ref. 2), within a design situation, and also
during an assessment to identify where the tools do not meet the requirements, or where
they place excessive demands upon the operator. Anthropométrie data should be applied to
the tools so that they are designed to fit the appropriate dimensions of the users, but
consideration of dimensions alone, is not sufficient to prevent discomfort or injury.
Examination of the way in which tools will be or are being used, may be undertaken to
define potentially hazardous postures and make recommendations for modifications.

Avoidance of Un-relaxed States
Straight postures should be considered so that for example, the tendons in the wrist are not
bunched up in the carpal tunnel. Continued use of a bent posture in this case may lead to
tenosynovitis, which is an inflammation of the tendons in their sheath, or carpal tunnel
syndrome, which is an injury of the median nerve which passes through the tunnel to the
wrist. Grip strength is also reduced by a bent wrist. Examples of continuous postures to
avoid therefore, are inserting screws and manipulating rotating controls. Ulnar and radial
deviation such as in the use of conventional pliers, may need to be reduced as highly
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repetitious movements can lead to tennis elbow. Consideration should be given to the
redesign of the shape and angle of the handles of these tool.
Avoidance of Tissue Compression
Tissue compression is caused by applying pressure to sensitive areas where skin overlies
critical blood vessels and nerves. Examples of actions which may cause tissue
compression are squeezing pliers and scraping paint. It can lead to ischemia, which is an
obstruction of blood flow causing numbness and tingling. There have also been incidences
of thrombosis of the ulnar artery due to tissue compression. A solution to consider is to
design tool handles which have a large contact area, the use of the palm as a hammer
should be avoided, as it damages arteries, nerves and tendons, and can send shock waves
up the arm.
Avoidance of Repetitive Finger Action
Tenosynovitis can result from the use of the index finger for trigger actions, and may cause
an inability to completely straighten the finger. Consideration should be given to the design
of tools so that the thumb can be used instead of the index finger, but hypertension of the
thumb should also be avoided as it will cause pain and inflammation. Sanders and
McCormick (ref. 3) discuss some of the postures to be avoided during tool operation and
suggest solutions in terms of design considerations.
Design for Safe Operation
Consideration should be given to other potential hazards such as sharp corners and
pinching hazards. Edges can be rounded and guards can be placed over pinch points on the
tools. The design of power tools should include the consideration of emergency shut-off
devices. The analyst should examine how the tool can be used, and also how it can be
misused, in order to design against possible errors and unsafe acts.
Grip Strength
Grip strength should be considered within tool design to ensure that the demands of tool
operation do not exceed the capabilities of the operators. Grip strength should be
considered in terms of how it relates to the size and shape of an object. An example is the
determination of the appropriate length of a crank handle to ensure that the optimum
leverage is obtained. Sanders and McCormick (ref. 3) present a table which shows the
maximum grip strength for various different handle openings on tools such as pliers. In
addition Grandjean (ref. 1) shows examples of good and poor hand grips, and discusses
the best postures of the hand to obtain maximum grasping potential. He also gives example
of acceptable forces for different finger grips.
Tool Dimensions
As mentioned above, anthropométrie data should be used to design a tool which can be
easily used by the target population. Consideration should be given to the use of tools by
women as well as men due to the increasing number of women in the workforce, and it is
also important to consider the possibility of left-handed users. Sanders and McCormick
(ref. 3) present data about tools which were rated as inadequate for use by air force women
working in craft skills, and reasons for the inadequacies.
Hand Vibration
Hand-arm vibration syndrome (HAVS) is not yet fully understood, but is believed to
involve damage to the nerves, smooth muscles and blood vessels of the hand. Blood flow
to the hand is reduced. Attacks are also thought to be linked to the presence of cold
temperatures and lead to a pins and needles type sensation. Advanced cases have lead to
gangrene of the fingertips, and other diseases where vibration has been implicated as a
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cause include neuritis, décalcification, cysts of the radial and ulnar bones, and stiffness of
joints.
Numerous standards and guidelines have addressed safe exposure limits, but all of them
except for NIOSH believe the effects to be related to the frequency of the vibration.
NIOSH have demonstrated that even in cases of high frequencies, detrimental effects have
still been shown. The analyst should consider the selection of tools with low vibration
levels, the regular maintainance of tools, the minimization of grip strength, and work
schedules which limit vibration exposure.
The Effects of Protective Equipment upon the Use of Tools
In general, performance on tasks requiring fine motor skills will be affected by wearing
protective clothing such as gloves. The nature of the task influences decisions about the
type of material which is acceptable for the protective equipment. Sanders and McCormick
(rcf. 3) present performance data for a maintenance task while wearing gloves made of five
different materials, for comparison. Grip strength is reduced by wearing gloves, which
can lead to dropping the tool, poorer control of the tool, lower quality of work, and
increased muscle fatigue. Consideration should also be given to materials which require
handling while wearing gloves, which may act as an irritant if trapped in the glove material.
Selection of material type should therefore be based upon dexterity requirements, and
potential hazards such as the existence of irritants, and the possibility of cuts and abrasions.
Sec section 6.2 for further guidance relating to protective equipment.
Durability of Tools
Consideration should be given to the durability of tools in comparison to the task
requirements they are expected to meet. The failure or breaking of a tool in mid-operation
may present a hazard to the user. Consideration should therefore be given to the expected
lifetime of the tool or the time before repair is necessary, if in fact it is possible.
Preventative maintenance should be performed on tools where appropriate, to ensure that
they are always in good condition when they are to be used.
Standardization
Tools that are used throughout the facility for similar purposes, should be considered both
in terms of expected stereotypes and standardization, to ensure that the methods of handling
the tools, the safety measures, such as emergency shut-off systems for power tools,
storage practices and protective equipment requirements are consistent. This will ensure
that skills can be transferred across the facility and will reduce the potential for human error
which may lead to lack of productivity and/or injury.
Tool Complexity
Consideration should be given to making the tool design as simple as possible, while
achieving its intended goal. In order to do this, the requirements of the tool must be
specified in terms of the task, and any strength, quality and time-related aspects. The more
simple the tool design, the easier it is likely to be to use, and the less error prone it will be.
Grandjean (ref. 1) gives examples of recommendations that will maximize the skill
demonstrated in the use of tools, which address postures and movements, force,
arrangement and layout of the work environment, the pace of work, and tool design itself.
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6.2 Personal Protective Equipment
Hazard identification needs to be conducted to identify the potential hazards associated with
an existing or future design. Where environmental and work related features adversely
impact upon health and/or performance, and a means of elimination or reduction of the
hazard is not possible or feasible, then personal protective equipment will need to be
provided.

6.2.1 General Considerations
The following subsection discusses issues which are relevant to the design, selection and
use of protective equipment. The analyst should also consider the work practices
associated with the use of protective equipment, such as the introduction of specific
regulations, the monitoring and control of adherence to the regulations, education of the
workforce as to the need for protection and the use of the equipment, and administrative
procedures to control its use.

Selection of Equipment Most Appropriate for the Situation
Identification of the hazard, the level of the hazard and the exposure time to the hazard are
all factors which contribute to the selection of the most efficient protective equipment.
Hearing protectors should reduce noise levels to below the accepted standard. This
requires knowledge of noise levels in the plant area, and the amount of protection the ear
protectors offer.
In consideration of head protection, consideration should be given to the identification of
how the protection will be used. For example, hard hats used on building sites are only
suitable for protection from falling objects, but would not defend against vehicular hazards,
as they have little protection against horizontal blows. The nature of the hazard should not
exceed those for which the equipment is designed. Salvendy (ref. 1) demonstrates this by
defining four different categories of head protection: general industrial head protection with
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limited dielectric protection; industrial helmets for electrical workers; aluminum safety
headware with no dielectric protection; and firefighters helmets. All have different
protective properties and limitations which make them unsuitable for other applications.
Respiratory protection is the most complex of protective equipment types and the most
important, as misuse can produce fatal consequences, for example during fire fighting the
adverse effects would be immediate, and misuse of asbestos protection can lead to long
terms effects. There are two different types of respirator; air purifiers and atmosphere
suppliers. The nature of the hazard will dictate which is suitable. The following aspects
need to be considered when selecting a respirator type:
- the nature of the hazard
- acceptable exposure levels for the hazard
- amount of protection different types of respirator can offer
- the duration of the exposure
- the level of oxygen present in the atmosphere (to decide if enrichment or depletion is
necessary)
- whether eye irritation is likely ( a full face respirator may be required).
The type of eye and face protection required depends upon the nature of the hazard, i.e. is
physical protection required, for example from flying particles, is protection from light
required, or protection from chemical irritants? In the same way, the selection of the
material for gloves to protect hands are selected on the basis of what the worker is to be
protected from; chemicals, fire, cuts, abrasions, electrical hazards etc.
The type of fall protection chosen is dependent upon the height from which the fall may
take place, the weight of the worker, and the posture of the fall. Consideration should be
given to ways of preventing the fall in addition to and before opting to protect the person
from the effects of the fall. Body protection may include aprons and disposable garments
such as caps, booties, coveralls and so forth, fire fighting gear, life jackets, liquid or air
cooled suits, knee pads and cold weather suits. Evidently the type of protection should be
selected to deal with the specific nature of the hazard. This is important in the case of
radiation hazards as the type and extent of radiation and the level of protection required,
will impact upon the material and the extent of protective clothing worn.

Protective Equipment Fit and Comfort
Protective equipment is only useful in some cases if it fits the person properly. This is the
case for ear protection, which if loose fitting will allow sound to reach the ear. It has been
found that the location of the headband for the ear muffs has an impact upon effectiveness;
when the headband is positioned over the head instead of behind the head, performance is
better. Ear plugs are considered to be more comfortable than ear muffs.
It can be seen that ill fitting head protection will not protect the user, and an ill fitting
respirator will not prevent ingress of hazardous substances. This is why it is important to
perform fit tests before the equipment is used, and it is why some facilities allow no facial
hair on men who may have to use respirators. The organization should ensure that workers
are fitted for the equipment before commencing operation so that the relevant sizes of
equipment are made available. Dexterity requirements should be considered when selecting
glove sizes and styles, and the size of body protection garments should promote comfort
and mobility.

Use of Protective Equipment
Consideration should be given to the way in which protective equipment is stored,
administrative procedures for use, training so that employees are aware of how the
equipment should fit and how it should be used, and the regular testing and maintenance of
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the equipment so that it is always in a usable state. Consideration should be given to the
certification of users for certain equipment, such as respirators, to verify that they can
correctly and effectively work in such a situation.
Consideration should be given to decontamination and/or disposal of equipment which has
been exposed to certain hazards such as radiation. Consideration should also be given to
the removal and storage of contaminated clothing and equipment, ready for disposal or
decontamination.
Impact Upon Performance
The wearing of protective equipment will impact upon certain design factors such as access
and clearance space for certain plant areas (see section 3.1), as it will increase the size of
the body or body part in question. Wearing protective equipment will also impact upon
performance. This may be due to increased stress, caused by the fact that the operator is
not used to wearing the equipment, and/or due to the fact they are dealing with potentially
hazardous material. Physical performance factors will also be influenced. The wearing of
face protection may feel awkward and reduce visibility, wearing gloves may reduce
dexterity, and wearing body protection may cause heat stress and again may restrict
movement.
These factors should be considered when designing or selecting appropriate equipment and
in the design of the working environment. If gloves are designed to fit properly and are
made of a suitable material, dexterity may not be considerably reduced, and heat stress may
be prevented either by the consideration of implementing a temperature control to maintain a
thermal environment suitable for the level of activity and protective clothing concerned, or
by providing liquid or air cooled suits.
Durability and Hygiene
Maintenance of protective equipment is important, as failure to do so could result in fatal
consequences, or at least illnesses and injuries. Inspections should be frequent and
formalized, and the workers should be alerted to any changes in task demands which may
degrade the protection system. Consideration should be given to checking gloves and
protective clothing for tears and leaks, head protection for fractures, and respirators for
leaks and fit. Checks should be performed after use of the protective equipment and when
an accident has occurred, for example an object has fallen upon a person's head protection.
Hygiene is also an important factor if different people are to use the same equipment e.g.
clothing and respirators. Cleaning should take place after every use, and administrative
procedures should be considered to ensure that the process is carried out successfully. The
type of cleaning implemented should be considered so that no substance is used which will
degrade the material of which the protective equipment is made.
Salvendy (ref. 1) discusses the design, selection and use of protective equipment and
presents some detailed recommendations for the use of respirators.
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