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REVIEWOF HUMAN FACTORS
GUIDELINES AND METHODS

A report prepared by V. Rhodes, I. Szlapetis, T. Hay, S. tfeihrer of Rhodes
Associates I n c . , under contract to the Atomic Energy Control Board.

ABSTRACT

The review examines the use of human factors guidelines and methods in high
technology applications, with emphasis on application to the nuclear industry.
An extensive literature review was carried out identifying over 250 applicable
documents, with 30 more documents identified during interviews with experts in
human factors. Surveys were sent to 15 experts, of which 11 responded. The
survey results indicated guidelines used and why these were favoured. Thirty-
three of the most applicable guideline documents were described in detailed
annotated bibliographies. A bibliographic list containing over 280 references
was prepared. Thirty guideline documents were rated for their completeness,
validity, applicability and practicality. The experts survey indicated the
use of specific techniques. Ten human factors methods of analysis were
described in general summaries, including procedures, applications, and
specific techniques. Detailed descriptions of the techniques were prepared and
each technique rated for applicability and practicality. Recommendations for
further study of areas of importance to human factors in the nuclear field in
Canada are given.

RÉSUMÉ

L'étude porte sur l'utilisation des directives et des méthodes d'ergonomie
dans les applications de haute technologie, et surtout dans l'industrie
nucléaire. On a procédé à une recension détaillée des écrits et repéré plus
de 250 documents pertinents. On en a trouvé 30 autres au cours d'entrevues
avec des experts de l'ergonomie. Des questionnaires ont été envoyés à
15 experts, dont 11 ont répondu. Les résultats du sondage ont révélé les
directives utilisées et les raisons de leur utilisation. Trente-trois des
documents sur les directives les plus pertinents ont été décrits dans des
bibliographies annotées détaillées. On a établi une bibliographie de plus de
280 références. On a évalué 1'exhaustivité, la validité, l'applicabilité et
l'aspect pratique de 30 documents de directives. Le sondage auprès des
experts a indiqué qu'on utilise des techniques précises. Dix méthodes
ergonomiques d'analyse ont été décrites dans des sommaires généraux, y compris
des procédures, des applications et des techniques précises. Des descriptions
détaillées des techniques ont été rédigées et l'applicabilité et l'aspect
pratique de chaque technique ont été évaluées. On présente des recommandations
sur l'étude plus poussée d'aspects importants de l'ergonomie dans le domaine
nucléaire au Canada.

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 authors assume 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

The following executive summary lists the major findings and summarizes the
report.

1. The literature search identified over 250 documents describing human
factors guidelines, handbooks, standards, guides and methods applicable
to the modern nuclear facility.

2. Thirty-three documents were identified as promising guidelines, guides,
standards or handbooks for use in the design, review or evaluation of a
nuclear facility. These documents were reviewed in detail and annotated
bibliographies were prepared for each one (contained in Appendix B).

3. A bibliographic list of the documents identified was prepared containing
a listing of almost 300 documents (contained in Appendix E).

4. Eleven human factors experts were interviewed. Surveys asking for
information about the usage of 75 human factors documents were sent also
to augment the interview. Individuals were asked about their usage of
handbooks, guides, guidelines, standards and methods.

5. An extensive list of comments and general points raised by the
respondents regarding human factors methods and guideline type documents
is reported. Some of the major issues include:

• Most HF professionals develop their own guidelines based on
various HF sources such as handbooks, sets of guidelines, and
guides.

• Standards are useful for static requirements but do not address
dynamic requirements, particularly cognitive processes.

• The focus of design has shifted from operator control to automated
systems requiring supervision from the operator. Tasks are
increasingly more cognitive in nature.

• Considerable work is still required in the areas of cognitive
modelling and the application of these models to the real world,
e.g. development of a standard cognitive task analysis.

o The effects of performance shaping factors such as management
policy, company expectations and the effects of maintenance
activities, are recognized as contributing significantly to the
operation of processing plants.
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• Three respondents felt that more emphasis on root cause in the
failure of the system is needed rather than purely quantitative
error rates and probabilistic predictions

• The source of human error is shifting from operator based to
maintainer based as systems become more automated.

6. The best guidelines, guides, standards and handbooks applicable to the
nuclear industry are selected, described and critiqued.

7. The selected documents are rated for validity, applicability,
completeness and practicality.

8. The best methods for application to nuclear facilities are selected,
described and critiqued.

9. The selected methods are rated for applicability and practicality.

10. General summaries of the methods are contained in Appendix C.

11. Detailed summaries of the specific techniques are contained in Appendix D.

12. Recommendations for further investigations are given.

I NEXT PAGE(S) left BLANK.
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REVIEW OF HUMAN FACTORS GUIDELINES

1.0 INTRODUCTION

1.1 Human Factors Guidelines and Methods

The human factors practitioner and the designer often work together to ensure
the incorporation of human factors features into the design of a system or
equipment. One of the mainstays in this process is the use of the handbook or
standards that are applicable to the type of design at hand. For example, the
design of a military system is usually driven by the requirement for human
factors specified in MIL-STD-1472, Human Engineering Design Criteria for
Military Systems, Equipment and Facilities (issue D would be used for present
designs). Other guidelines that are specific to each of the U.S. armed forces
also exist: MIL-HDBK-759A Human Factors Engineering Design for Army Materiel
for the Army and USAF DH: 1-3 Human Factors Engineering for the U.S. Air
Force. Program offices for aerospace systems typically would call up NASA-STD-
3000, the Man Systems Integration Standard, as well as specifying detailed
requirements for their particular design. Human factors guidelines for Air
Traffic Control have been compiled by the British - Human Factors in Air
Traffic Control (AGARD-AG-275, 1982).

At present, the two commonly used guidelines for nuclear power plants which
exist primarily for control room design are: Guidelines for Control Room
Design Review, (NUREG-0700); and Human Factors Guide for Nuclear Power Plant
Control Room Development (EPRI, NP-3659, 1984) for general human factors
guidelines.

Many other guidelines and guides have been produced for the nuclear industry
between 1980 and 1988, all designed to cope with human factors issues found in
plants that represented a technology that was being phased out. Hence, the
guidelines and methodological approaches developed during the eighties were
becoming obsolete as new technologies were adopted. CANDU power reactors and
many new European nuclear plants are computer controlled and employ CRT based
control/display interfaces for operators. Plans for the future include similar
computer based systems in the refurbishment of older U.S. nuclear power
plants. Therefore, a human factors effort based on the type of display/control
panels, boards and consoles found in the typical U.S. nuclear power plant will
no longer apply without modification and considerable rework.

The present review of human factors guidelines and methods applicable to the
nuclear facility represents an attempt to understand and document the changes
and directions evident in the literature and as indicated by human factors
practitioners.



1.2 Evolution and Change in the Nuclear Power Plant

The control and maintenance of nuclear power plants has been characterized by
a specific set of evolutionary changes. These changes include:

i) a movement from panel displays such as strip charts, indicator lights,
meters, and controls such as pushbuttons and control levers to computer
based workstations where displays are presented on CRTs, usually within
"windows" on the screen, and the keyboard, trackball or mouse are used
to control inputs ;

ii) an increase in the use of full and partial simulators to train operators
and maintenance personnel and to evaluate personnel ;

iii) an increase in the use of artificial intelligence in the control of
plant parameters and the use of expert systems to aid the operator and
maintainer in performing decision tasks;

iv) an increase in the use of operator performance models to resolve issues
affecting the efficiency and safety of the human-system interface;

v) an increase in the awareness that maintainability in design and improved
maintenance procedures reduce risk and improve the safety of the system;

vi) more focus on the safety, reliability and maintainability of software;

vii) heightened awareness of the need for improved communications conveyed by
written procedures, by inter-personnel coordination and between levels
of personnel;

viii) recognition of the importance of guiding policies and cooperation
between all departments in the plant as the main driver for smooth
functioning of the plant (e.g. cooperation between maintenance and
operations, between training and operation, between management and
operation).

These changes are very much issues of human factors. Though they have been
raised for specific reasons concerning plant safety, improved efficiency of
plant operations and for improved personnel relations, these changes affect
the human factors aspects of plant design, operation, maintenance and
organization.

Organizational and workplace issues are becoming a major area of focus. Bauman
(1986) discusses the problems with organizational communications in the NPP.
Poor communication between plant departments hinders proper coordination
needed to perform effective maintenance in the plant. Such a situation can
lead to unsafe conditions in the plant. Training is another area that has
become a higher priority item. Complexity in plant design and the rapid
changes in technology have demanded that plant operators upgrade skills and
that training programs be revised often. Investigations of stress management
and understanding stress in the NPP environment have gained serious
consideration.



The use of simulators for training, research and evaluation is becoming
increasingly more valuable to the design and development of the NPP, as well
as to support plant operations. NPP systems can be simulated for systems
analysis using such tools as SAINT (Systems Analysis of Integrated Networks of
Tasks) and SADT (Structured Analysis and Design Technique) described by Chubb
(1986). Full simulations of plant control rooms integrated with system
simulation (mimics of all plant inputs and outputs) can be used for training
and evaluation of human performance and procedures. Various canned scenarios
can be used or a supervisor may initiate changes in plant variables at
appropriate points in the exercise. Partial simulators may be used for
training and evaluation of human performance for specific tasks.

The movement to CRT based information displays and control from
keyboard/trackball/mouse control suites has occurred in Canadian built NPP's.
This is a significant departure from the past use of discrete displays and
controls that often filled a whole wall of the control room. This change has
resulted in changes in design philosophy and in training and procedures. No
longer is the emphasis on location of discrete annunciators, meters, strip
charts and lighted displays, though some of these items still exist as
backups. Now the human-computer-interface (HCI) is the key to designing
effective, safe and efficient NPP operation. Screen formats, paging
strategies, access to information and cognitive processes used to make the
associated decisions are the focus of designing an effective user interface.
These considerations are often in addition to the standard criteria used to
design the human-machine interface.

The use of expert systems for operations, maintenance and training is growing
within the NPP design community. Artificial Intelligence (AI) is contributing
to more automation in the plant operation and in the diagnosis of plant
failures. NPP operators no longer need to carry out tedious diagnostic checks
nor are they required to perform calculations etc. in order to change
parameters or diagnose faults. Knowledge Representation by AI accomplishes
these types of tasks easily. More sophisticated AI tools are being developed
to perform higher level problem solving by comparing plant conditions and
behaviour to determine causes of problem conditions. Some AI tools are being
used during the design process to ensure that safety systems and reliability
are adequate. AI tools are being used to help operators learn the system and
as computer based training tools. The new generation of simulators have AI
architecture integrated into scenario development and simulated plant
behaviour software components.

Plant design is driven more by reliability and safety now than in the past.
Maintainability, the area that deals with producing a system that lends itself
to effective, safe and efficient maintenance, is relatively untried in the NPP
environment. Awkward designs and almost impossible repair strategies still
occur in some equipment. The design of mechanical and electrical assemblies as
rapidly, easily replaced modules is new to the NPP design philosophy.

However, the need to keep larger, more complex plants operating and reliable
requires that maintenance actions be simple, straightforward and less time-
consuming. The installation of modules must be damage-free, verifiable and
safe. Such an approach will keep personnel resources down to the minimum and
will improve overall operational reliability of the plant.



Software reliability and safety analysis is fast becoming the key to
acceptance of plant design. The modern NPP is software intensive, ie. safing
subsystems (which place the system in a safe condition) and critical
operations rely heavily on functions performed by software. The use cf Hu™ar.
Reliability Analysis, Probabilistic Risk Assessment, Fault Tree Analysis and
automated tools such as MALPAS (software reliability assessment tool) are a
necessary part of design. These tools allow the design team to develop
verifiably more reliable and safe designs. Improved software design techniques
such as structured programming and modularization have led to improved error
identification and correctability, reducing down time for restoration of the
system.

1.3 Human Factors Applied to Nuclear Power Plants in Canada

This is an excellent time for the AECB to develop a full set of guidelines and
standards for NPPs in Canada. The present direction of human factors thinking
is toward the modern computer managed plant that characterizes the CANDU and
other Canadian designed prototype reactors. The present investigation outlines
various documents that are useful for the development of guidelines and
methods that are applicable to the Canadian nuclear industry.

2.0 PURPOSE

The purpose of the review is to survey the literature and the human factors
community for the best sources of human factors information and guidance, and
determine the best methods available to be applied to nuclear facilities here
in Canada. The main concern of the review is to identify not only what is
being used but to also identify what is most suitable for the unique
requirements of the Canadian nuclear industry.

3.0 SCOPE

The review included an extensive literature search using on-line data base
systems and library searches. Documents sought included human factors
guidelines, guides, handbooks, standards and methods. Areas of interest
included human factors engineering, cognitive psychology, training,
organizational issues, and general ergonomics. The focus was on those
documents that held some promise for application to nuclear facilities. The
time period for the search included the years between 1969 and March 1992.

Detailed annotated bibliographies were prepared for many of the guideline
documents that showed potential as reference material or working documents for
application to nuclear facilities. These selected guideline documents were
rated for applicability, practicality, completeness, and validity. Methods
that were identified as applicable were described and rated for applicability
and practicality, with respect to the nuclear facility.



4.0 APPROACH

The approach included the following sequence of work steps:

1. Kick-off Meeting with the AECB

2. Literature Search and Annotated Bibliography

- identification of standards, guidelines, handbooks, methods
- conducting surveys (interviews)
- preparation of the annotated bibliography
- progress meeting

3. Review of the Documents
- identification of the human factors methods best suited to NPP
- grouping of methods into system life-time phases
- preparation of the summaries for each method
- progress meeting

4. Evaluation of the Guidelines, Standards, Handbooks and Methods
- reviews and rankings of best methods and guidelines (ie. HBs, STDs, guides etc.)

5. Preparation of Draft Report and Presentation to the AECB
- Preparation of Draft Report
- presentation of findings to the AECB in Ottawa

6. Preparation of Final Report and Documents
- acquisition of copies of the applicable guidelines and methods
- preparation of final report

Figure 4-1: Flow of Work Steps
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5.0 METHODOLOGY

The methods and techniques used are described below. Each tool is described.

5.1 Literature Review and Annotated Bibliography

5.1.1 Literature Review

The literature review was carried out using electronic search information systems
such as DIALOG and through library searches. The search focussed on the following
types of human factors documents :

a) Design Handbooks
- government nuclear agencies - general and program-specific handbooks
- privately published handbooks
- military handbooks
- NASA general handbooks
- other government handbooks

b) Guidelines
- government nuclear agencies - general and program specific guidelines
- military design guidelines
- NASA program specific and general
- privately published guidelines
- proceedings to symposia and workshops
- guidelines chapters in books

c) Guides to Human Factors
- privately published books
- government publications
- chapters in books
- published reports

d) Standards
- nuclear agencies - general
- government agency standards - e.g. DOD, MIL standards
- NASA standards - general and program specific
- industry standards - e.g. ANSI, CSA,

e) Methods
-applied to nuclear plants, petroleum refineries, chemical processing
plants, power plants (other than nuclear), spacecraft ground support
control systems, large scale ocean going vessels (nuclear and other),
aircraft, air traffic control centres;

- published reports
- journal articles
- published texts
- handbooks
- proceedings from symposia, workshops and conferences
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The following definitions apply to the classification of documents.

DEFINITIONS *:

Design

Handbook: A concise design reference book covering a particular discipline.

Design
Guidelines: A suggested set of design features and concepts (criteria) that

influence how a design ought to be conceived.

Design
Guide: A document that provides the designer with a complete set of design

guidelines and their applications.

Design
Standard: A set of required design features that must be incorporated into the

design according to a governing body (e.g.: NASA, DOD, MIL, CSA,
ANSI, etc.).

5.1.2 Interviews with Human Factors Experts

We contacted 15 human factors experts and interviewed 11 by telephone. The
interviews were augmented by a survey sent out by mail ahead of the interview
time. The survey questions are shown in Appendix A. The interview addressed the
following areas:

1. What set of guidelines, guides, handbooks, or standards have been useful
to you while working on:

Design of Complex Technical Systems (such as a NPP control room)?

Evaluating an existing design?

Developing a Human-Computer Interface?

Developing requirements for a complex system?

2. What should one consider when applying these guidelines to the design?

3. What modifications would you suggest would be necessary to adapt the
document(s) to the nuclear power plant application?

The survey included a list of documents identified during preliminary
investigation. Those individuals contacted were asked to complete the survey,
indicating their use of any of the listed documents, and to add documents, not
listed, that they did use.

* Note: The term "guidelines" will be used in this report as synomynous with
guides, standards, handbooks and guidelines when referred to in the general case
e.g. "the evaluation of methods and guidelines" .



5.1.3 Annotated Bibliographies

Documents that were considered applicable, in some manner, to the nucleai
facility, were selected and annotated bibliographies were prepared for each.
These annotated bibliographies are contained in Appendix B of this report.

5.2 Review of Documents

5.2.1 Grouping of the Methods According to Phases

All identified papers, books, articles and reports referring to human factors
methods appropriate to the NPP field as well as other process or high technology
industries were organized and reviewed. Each item was grouped into its respective
phase of the life time of the nuclear facility. Tables were prepared showing this
grouping. Each technique for the methods considered to be applicable to nuclear
facilities was identified and listed according to the life-time phase.

5.2.2 Summaries for Each Method

Each of the methods was summarised. These general summaries are contained in
Appendix C of this report. Summaries of specific techniques are contained in
Appendix D.

5.3 Evaluation of the Guidelines, Standards, Guides, Handbooks, Methods

5.3.1 Interviews with Human Factors Experts

Some of the individuals contacted earlier regarding the guideline documents were
contacted again. These individuals were asked their opinion about the methods
they use to help with design, to evaluate design, to evaluate personnel and to
influence training and procedures. The experts rated the methods for their use
during completion of the survey.

5.3.2 Review of Applicability and Usefulness of Documents

The documents that have application to the nuclear facility, particularly in view
of the modern computer-based NPP, were reviewed in detail. Specific methods
applicable to the nuclear facility were identified and described. The nature of
the information provided by the document will be discussed with regard to its
applicability to the NPP. Guideline documents were assessed for their use,
applicability, practicality, completeness and validity. Methods were assessed for
their use, applicability and practicality.

Figure 5.3.2-1 below lists the criteria for determining applicability,
practicality, completeness and validity of guideline documents.
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Figure 5.3.2-1: Definitions for Ratings

a) APPLICABILITY

This criterion refers to the ease with which the document can be applied to the modern nuclear facility. A rating
of 1 indicates that the document is directly applicable, and was either prepared for the nuclear industry or related
industry (such as the power industry in general). A rating of 2 represents direct application with some
modification or interpretation required; or the document is dated and is lacking in application to modern facilities.
A rating of 3 includes documents that are from another industry and/or are general documents that have some
application to the nuclear facility.

b) VALIDITY

This criterion defines the level at which the document has received review and acceptance, and reflects the
authority responsible for the document's preparation. A rating of 1 indicates that the document has received full
peer review, and has been widely used and referenced. A rating of 2 includes documents that have broad usage
and acceptance in the human factors community. A rating of 3 includes documents that have been referred by
respected human factors experts who have used the document and recommend it. A rating of 4 indicates a
document that has some usage but is not specifically recommended.

C) COMPLETENESS

This criterion refers to the level of completeness of application to the nuclear facility. A rating of 1 indicates that
the document covers, in detail, all or most areas of human factors. A rating of 2 indicates that the document
covers all areas but in a general manner only. A rating of 3 includes documents that are specific to one or two
areas of human factors (e.g. maintainability, human-computer-interface, human reliability).

d) PRACTICALITY

This criterion describes the level at which the document can be used by personnel performing human factors
tasks with minimum training (ie. a non-expert). A rating of 1 represents a document that can be used by
individuals with some human factors training (a non-specialist in human factors). A rating of 2 indicates a
document that requires that the user have at least a specialist's degree in human factors or a few years
experience as a human factors specialist. A rating of 3 includes documents that require that the person have
considerable experience in human factors and/or holds an advanced degree in human factors or a related field
(ie. masters or doctoral level).

5.3.3 Rankings for the Best Methods

The review referred to in 5.3.2 identified the methods, standards, guidelines,
guides and handbooks that can best be applied to the NPP. These methods were
ranked according to expert opinion gathered during the interviews and according
to the following criteria:

1. specific application to the modern NPP environment

2. past application to NPP or other high technology, complex processing
plant

3. completeness of coverage for all human factors areas

4. practical application considering resources, time and outputs

Each specific technique was rated and tabulated.
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6.0 RESULTS

6.1 Literature Review

Library searches and database searches were performed. During our search over 250
applicable documents were identified after processing several hundred documents.
DIALOG databases that were searched are shown below and searched documents
contained within the keyword search strategy shown below. Documents of interest
were procured from the publishing agency or from the library.

Databases Searched

1. Aerospace Database
2. BIOSIS
3. Chemical Industry Notes
4. Chemical Safety Newsbase
5. Chemical Regulations and Guidelines
6. Chemsearch
7. Computer Database
8. Conference Papers Index
9. Electric Power Database
10. Energy Science and Technology
11. INIS (at AECB using CD ROM)
12. INSPEC
13. NIOSH Database (Occupational Health & Safety)
14. NTIS
15. Nuclear Science Abstracts
16. PHARMAPROJECTS
17. Research Centers and Services Directory
18. Software Directory
19. Standards and Specifications

Note that databases such as 7, 8, 12, 14, 17, 18 and 19 are not industry
specific. After searching these data bases with general keywords, it was found
that the bulk of industry documents were related to the nuclear field as a matter
of course. The search identified numerous documents that were specific to
petroleum, mining, chemical and heavy industry. These documents, however, were
too narrow in scope to be applicable to the nuclear industry.

Keyword S e a r c h S t r a t e g y

The following strategy was used in all data bases.

1. (HUMAN(W)FACTOR? OR ERGONOMIC?)/ENG,TI,DE

2. (NUCLEAR(W)POWER OR THERMAL(W)POWER OR ELECTRIC(W)POWER OR
HYDRO(W)ELECTRIC? OR CHEM1CAL(W)INDUSTRY OR HIGH(W)TECH? OR
AEROSPACE)/ENG,TI,DE

3. (ANALYS? OR METHOD? OR RESEARCH OR EVALUAT? OR ASSES?)/ENG,TI,DE

4. (GUID? OR HANDBOO? OR HAND(W)BOO? OR STANDAR?)/ENG,TI,DE
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5. 1 AND 2 AND 4 (Human factors and industry and guidelines and...)

6. 5 AND DESIG?

7. 5 AND OPERATIO?
8. 5 AND MAINT?
9. 5 AND SAFETY
10. 5 AND TRAINING

11. 6 NOT 7 NOT 8 NOT 9 NOT 10
12. 7 NOT 6 NOT 8 NOT 9 NOT 10
13. 8 NOT 6 NOT 7 NOT 9 NOT 10
14. 9 NOT 6 NOT 7 NOT 8 NOT 10
15. 10 NOT 6 NOT 7 NOT 8 NOT 9

1. (HUMAN(W)FACTOR? OR ERGONOMIC?)/ENG,TI,DE

2. (NUCLEAR(W)POWER OR THERMAL(W)POWER OR ELECTRIC(W)POWER OR
HYDRO(W)ELECTRIC? OR CHEMICAL(W)INDUSTRY OR HIGH(W)TECH? OR
AEROSPACE)/ENG,TI,DE

3. (ANALYS? OR METHOD? OR RESEARCH OR EVALUAT? OR ASSES?)/ENG,TI,DE

4. (GU1D? OR HANDBOO? OR HAND(W)BOO? OR STANDAR?)/ENG,TI,DE

16. 1 AND 2 AND 3 (Human factors and industry and analytical methods and...)

17. 16 NOT 6 NOT 7 NOT 8 NOT 9 NOT 10
18. 17 AND (TASK(W)ANALY?)/ENG,TI,DE
19. 17 AND (JOB(W)ANALY?)/ENG,TI,DE

20. 17 AND ((WORKSTATIONW)ANALY?) OR (WORK(W)STATION(W)ANALY?) OR
(WORKSTATION(W)EVALUAT?) OR (WORK(W)STATION(W)EVALUAT?))/ENG,TI,DE

21. 17 AND ((WORKLOAD(W)ANALY?) OR (WORK(W)LOAD(W)ANALY?))/ENG,TI,DE
22. 17 AND ((WORKSITE(W)ANALY?) OR (WORK(W)SITE(W)ANALY?))/ENG,TI,DE
23. 17 AND (PERSON(W)ANALY?)/ENG,TI,DE
24. 17 AND (ERGONOMI?(W)ASSES?)/ENG,TI,DE
25. 17 AND ((PRODUCT?(W)EVALUAT?) OR (EQUIPMENT?(W)EVALUAT?))/ENG,TI,DE
26. 17 AND (HUMAN(W)RELIAB?(W)ANALY?)fENG,TI,DE
27. 17 AND ((PERFORM?(W)(TEST? OR MODEL? OR MEASURE? OR SIMULAT? OR

EVALUAT?))/ENG,TI,DE
28. 17 AND (EXPERT(W)SYSTEM? OR ARTIFICIAL(W)INTELLIGENCE OR

SUPERV1SOR?(W)CONTROL OR PROCES?(W)CONTROL)/ENG,TI,DE

29. 17 AND ((HUMAN OR MAN)(W)COMPUTER(W)INTERJFACE)/ENG,TI,DE

Depending on the number of records that match any of these combinations, we excluded certain concepts from
the search of others (i.e 27 NOT 28 NOT 29) to avoid repetitive types of the same records.
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6.2 Review of the Documents

Documents that appeared to offer utility as guideline documents applicable to
the nuclear facility were selected from those identified during the literature
search. The following documents were reviewed in detail:

1. ANSI/HFS 100-1988 (1988) American National Standard for Human Factors
Engineering of Visual Display Terminal Workstations. Santa Monica; Human
Factors Society.

2. Bailey, R. (1982) Human Performance Engineering: A Guide for Systems
Designers.

3. Boff, K., Kaufman, L., and Thomas, J. (1986) Handbook of Perception and
Human Performance.

4. Brown, C. Marlin (1989), Human Computer Interface Design Guidelines.

5. CAN/CSA - Z412-M89 (1989) Office Ergonomics: A National Standard of
Canada.

6. EPRI NP-2411 (1982) Human Engineering Guide for Enhancing Nuclear
Control Rooms.

7. EPRI NP-3588 (1984) Maintainability Assessment Methods and Enhancement
Strategies for Nuclear and Fossil Power Plants.

8. EPRI NP-3659 (1984) Human Factors Guide for NPP Control Room
Development.

9. EPRI CS-3745 (1984) Vol. 2, Enhancing Fossil Power Plants Design,
Operation and Maintenance: Human Factors Guidelines.

10. EPRI NP-4350 (1985) Human Engineering Design Guidelines for
Maintainability.

11. Gilmore, W., Gertman, D., Blackman, H. (1989) The User-Computer
Interface in Process Control: A Human Factors Engineering Handbook.

12. Helander, M. (1988) Handbook of Human-Computer Interaction.

13. Invergard, T. (1989) Handbook of Control Room Design and Ergonomics.

14. Mayhew, D. (1992), Principles and Guidelines in Software User Interface
Design.

15. Meister, D. (1971) Human Factors: Theory and Practice.

16. Meister, D. (1985) Behavioural Analysis and Measurement Methods.

17. MIL-HDBK-743A (1991) Anthropometry Handbook.

18. MIL-HDBK-759A (1985) Human Factors Engineering Design for Army Materiel.
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19. MIL-STD-1472D (1989) Human Engineering Design Criteria for Military
Systems, Equipment and Facilities.

20. NASA-USE-1000 (1988), Space Station Information System Human-Computer-

Interface Guide.

21. NASA-STD-3000, Man-Systems Integration Standards. Vol. I, II and III.

22. NUREG 0700 (1981) Guidelines for Control Room Design Reviews.

23. NUREG/CR-1278-F (1983) Handbook of Human Reliability Analysis with
Emphasis on Nuclear Power Plant Operations.

24. NUREG/CR-2496 (1982) Human Engineering Design Considerations for Cathode
Ray Tube-Generated Displays. Volume I.

25. NUREG/CR-3003 (1983) Human Engineering Design Considerations for Cathode
Ray Tube-Generated Displays: Volume II.

26. NUREG/CR-3517 (1985) Recommendations to the NRC on Human Engineering
Guidelines for Nuclear Power Plant Maintainability.

27. NUREG/CR-4227 (1985) Human Engineering Guideline for the Evaluation and
Assessment of Visual Display Units. Wash. D.C.; Nuclear Regulatory
Commssion.

28. NUREG (TBD) (in press) Advanced human-system interface design review
guidelines. (Based on information during interview with author).

29. Rasmussen, J. (1986) Information Processing and Human-Machine
Interaction: An Approach to Cognitive Engineering.

30. Salvendy, G. (1987) editor, Handbook of Human Factors.

31. Van Cott, H.P. and Kinkade, R.G. (1972) editors, Human Engineering Guide
to Equipment Design.

32. Wickens, C. (1984) Engineering Psychology and Human Performance.

33. Woodson, W.E. (1981) Human Factors Handbook.

6.3 Annotated Bibliographies

Annotated bibliographies were prepared for the documents that hold promise as a
guide, set of guidelines, set of standards, handbook or methods resource. The
annotated bibliographies are contained in Appendix B. These bibliographies
briefly describe the document and indicate the document's degree of applicability
to the nuclear facility.

6.4 Bibliographic Listing

Appendix E contains a listing of all of the documents identified as applicable
to the nuclear industry. This listing is a result of library and database
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searches. Libraries searched include:

A) University of Toronto Engineering, Computer Sciences and Robarts Libraries
BÏ University of Waterloo Engineering, Math and Sciences Library
C) Ontario Hydro Libraries (Downtown and Place Nouveau)
D) Atomic Energy Control Board Library

There are a number of symposia focussing on human factors in the nuclear
industry. These are:

1. 1986 and 1987 ANS/ENS Topical meetings on Advances in Human Factors in
Nuclear Power Systems.

2. 1985 and 1988 - 3RD and 4TH IEEE Symposia on Human Factors and Power
Plants.

3. 1981 NRC/BNL/IEEE standards workshop on human factors and nuclear
safety. The man-machine interface and human reliability: an assessment
and projection

4. 1987 ANS Proceedings of Symposium on Training of Nuclear Facility
Personnel.

NOTE: ANS stands for American Nuclear Society and ENS stands for European Nuclear Society

5. 1988 Symposium on Improving Power Plant Safety Through Operator Aids:
Guidelines for selecting operator aids.

6. 1986 Seminar on Emergency Response Facilities and Implication of Safety
Parameter Display Systems (SPDS).

The National Research Council (NRC) in the United States has funded a number
of studies and has conducted various workshops dealing with human factors
issues and complex high tech industries. Some of these workshops include:

1. Human Factors Research and Nuclear Safety (this one is a report of a
panel of human factors experts that developed policy for NRC). 1988.

2. Quantitative Modeling of Human Performance in Complex, Dynamic Systems.
1990.

3. Methods for Designing Software to Fit Human Needs and Capabilities.
1985.

4. Research and Modeling of Supervisory Control Behavior. 1984.

5. Application Principles for Multicolored Displays. 1990.

6. Distributed Decision-Making. 1990.

7. Human Factors Aspects of Simulation. 1985.

The contact person at the NRC is Dr. Beverly Huey.
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6.5 Interview and Survey Results

Eleven human factors experts from Canada, the U.S. and Britain responded to the
survey. These individuals included top HF people from the nuclear field and from
other fields characterized by the complexity and technical levels found in the
nuclear industry in Europe, Canada and the U.S. They represented government,
industry and educational arenas. Table 6.5-1 below illustrates the areas of
interest for the respondents.

Table 6.5-1: Areas of Interest for Respondents

AREA OF INTEREST ACADEMIC INDUSTRY

Human Factors Engineering 1
Human Reliability 2 1
Human-Computer-Interface 1 1
Cognitive Psychology/Engineering 2 1
Assessment/Evaluation 1
Human Factors Consultant 1

Total 5 <T~

6.5.1 The Results of the Interviews

The results of the questionnaire and the interviews can be summarized as follows:

Use of Guides, Guidelines, Standards and Handbooks.

Half of the respondents indicated that they used guides, guidelines, handbooks
and standards occasionally, usually developing their own set of guidelines for
their particular application. The most commonly referenced document for a
platform on which to base a set of guidelines was MIL-STD-1472 (C or D) . Another
document that was referenced for aiding in human factors analysis was the data
compendium produced by Boff and Lincoln for the U.S. Air Force. Other documents
indicated by more than one individual included NUREG/CR-0700, MIL-HDBK-759A,
Salvendy's Handbook, USAFDH: 1-3, EPRI-NP-4350 (Maintainability), NASA-STD-3000,
Van Cott and Kinkade's guide, Wicken's text, Meister's behavioral methods text,
Helander's HCI handbook, the IEEE Human Factors Guide for Power Plants, Woodson's
handbook, Rasmussen's text on cognitive engineering, Boff et al. Handbook of
Perception and Human Performance, Smith and Mosier's HCI Guidelines, and Gilmore,
Gertman, and Blackman's HCI Guidelines for Process Control (see table 6.5.1-1).
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Table 6.5.1-1 below lists the documents selected by the respondents. Each is
shown with the average rating given for frequency of use. The number of
individuals using the document is also given.

Table 6.5.1-1; Survey Results: Use of Guidelines, Handbooks, Guides, and
Standards

DOCUMENT OVERALL
USE EATING

NUMBER OF
USERS

MIL-STD-1472
MIL-HDBK-759A
HIL-STD-1478
USAF DH: 1-3
DOD-HDBK-743A
NASA-STD-3000
NASA-USE-1000
NASA-NHB-5300.4 (IE)
BOFF & LINCOLN (DATA COMPENDIM)
BOFF, KAUFMAN, THOMAS (HANDBOK)
SALVENDY - HUMAN FACTORS HB
SALVENDY - INDUST. ENGIN. HB
WOODSON - HANDBOOK
VAN COTT & KINKADE - GUIDE
HELANDER HCI HANDBOOK
SMITH AND MOSIER
MAYHEW
NUREG/CR-700
NUREG/CR-1278
NUREG/CR-U227
IEEE-8-Ï5
EPRI-NP-4350
EPRI-NP-2360
EPRI-NP-3569
ANSI-STD-HFS-100
CAN/CSA Z2412-M89

1.7
3.0
3.0
2.3
2.6
2.2
3.0
2.5
2.1
2.3
2.2
1.5
2.6
2.1
2.0
2.0
1.0
1.8
1.5
2.0
2.5
2.5
2.5
1.6
1.0
2.0

6
2
1
2
1
â
1
1
2
3
3
1
2
4
2
2
1
2
2
1
2
2
1
1
1
1

Scale

Always Use Often Use Sometimes
Use

Rarely Use
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The interviews have indicated the following general points:

a) Handbooks, guidelines, guides and standards are useful for verifying
concepts and approaches, for accessing specific data, for creating design
criteria, and for acting as seed documents for the development of more
specific guidelines or handbooks.

b) Many of the respondents indicated that guidelines and standards are useful
for static requirements but do not contribute to dynamic requirements.

c) Guidelines and standards are favoured more by those responsible for human
factors engineering on design projects. This is particularly true for
military and aerospace design programs.

d) Handbooks do provide guidance for approaches and methods but are not
considered cookbooks. One respondent pointed out that many handbooks are
merely collections of articles, most of which do not contribute directly
to the designer's job.

e) There is an increased interest in the cognitive aspects of the human-
system interface. All indicated that the work has only begun. Most
considered existing models and understanding of the cognitive issues in
human performance and interaction with systems inadequate for direct
application to today's plants.

f) The present state of the art for the modelling of human behaviour and
performance is still inadequate for providing the information necessary
for design decisions.

g) System modelling is becoming a necessary tool for evaluating human
performance and for developing effective human-system-interfaces. It is
used for determination of causation in human error, the understanding of
cognitive tasks occurring during human-system interaction, and the
appreciation for the mental resource levels of cognitive tasks necessary
to insure effective performance of the system.

h) The survey indicated a recognition of the role of management, maintenance
and policy in affecting the performance of the system, and in particular
performance of personnel.
and policy in affecting
performance of personnel.

i) There was a stated need for offline simulation systems that use data from
the full-scale training simulation systems.

j) More than one respondent stated that many human performance models do not
represent adequately cognitive tasks and cognitive processes that affect
the overt behaviour and mission outcome.

k) Many forms of human error analysis do not consider the root cause of the
error, particularly where cognitive processes may be causal.

1) All of the respondents indicated that training was not their purview and
that they provided inputs to training or received inputs from training.
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m) Performance shaping factors that include cognitive processes, such as
worker attitude, mental models, and company attitude and policy are often
overlooked in the analysis of human error.

n) Understanding and analyzing maintenance actions and activities as they
effect facility safety and operation is a crucial step in reducing
failures and improving facility effectiveness.

o) The automation of the system shifts more of the risk of error from the
operations personnel to the maintenance personnel.

p) Knowledge-based models for supervisory control and for maintenance tasks
will become increasingly important as facilities automate.

q) The use of expert systems to aid operators and maintainers is becoming an
important area of investigation for process control.

A critical review of guidelines, standards and handbooks carried out by D. Woods
(1991), Representation Design in the Computer Medium, raises some important
questions about the use of guidelines, standards and handbooks. Questions about
the availability of useful data for making design decisions have been raised by
this paper as well as others (for example, Meister, 1985). There appears to be
a general agreement among human factors practitioners that most design involves
a dynamic process involving interaction with the design concepts and
requirements. Hence, wholesale application of standards and guidelines is not
possible, indeed is not recommended. These types of documents are at best a means
of providing a foundation for design decisions but certainly not the answer to
specific design problems.

A key issue discussed by Woods (1991) is that the human factors design process
portrayed by most handbooks is not followed by the practitioner. This usually
happens because the typical design process does not follow the textbook approach
either. The design concept evolving early in the design process may require some
tangible evidence of the usefulness or feasibility of a particular approach. This
means prototyping some part of the system as a proof of principle.

Other non-textbook situations include the consideration of both detailed and
conceptual level requirements together, and working with functional level
requirements and specifications for existing equipment. The form of the resulting
design is often a marriage of these mixed components. The design team must craft
the design using experience, knowledge of their speciality areas, overall
requirements of the program, special constraints of the design and governing
schedule and cost constraints of the program.

A problem with HCI handbooks and guidelines noted by Woods (1990) that has
probably caused difficulty for most users of this type of documentation is the
lack of good illustrations of the various principles and guidelines. Few examples
and few visual representations of the salient points made in these documents
makes putting them into practice a difficult and sometimes impossible task. The
ideal guidelines would provide a visual representation of each guideline point
made. This might be considerably more costly to produce but would enhance the
usefulness of the document.
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A ca£<? in point is the notable utility of the NASA-USE-1000 for the development
of user interfaces for the U.S. Space Station Freedom. This document makes it
cleA* >"iiat the guideline states by providing a visual example.

O'H^ra (1991) is developing a set of human factors guidelines for application
to t;ft0 modern advanced control rooms planned for the U.S. nuclear power plants.
These guidelines are planned to be available to evaluators and designers in the
forni of a computerized checklist.

Othsr areas not addressed by any of the existing guideline documents include
guidance on how to develop dynamic displays of information (use of bar graphs,
lin$ graphs, 3-D movable drawings, active mimics etc.). There are definite rules
and practices that influence the effectiveness of this type of information
display. Unfortunately these rules and practices have yet to be consolidated in
a guideline form. Research in this area has provided the basis for the principles
(fot- example Carswell, CM. and Vickens, CD., 1987 - Information integration and
object display: An interaction of task demands and display superiority -
ERGONOMICS, 30, 511-527).

A major concern of one respondent was the need for expertise in CANDU engineering
and physics as part of any human factors effort applied to the Canadian nuclear
industry. The reactor systems found in the U.S. and Europe are sufficiently
different to limit application of U.S. and European analytic approaches and tools
to the CANDU reactor environment. The unique design of the CANDU requires a
particular approach to diagnostics, control and emergency systems. The tailoring
of analytic approaches and techniques must include a deep appreciation of the
plant processes and procedures.

European control rooms, on the other hand, are advanced enough to provide good
applicable information regarding the design and evaluation of the type of control
rooin found in a CANDU plant. Some methodological approaches to design and
evaluation may be easily adapted to the CANDU facility.

Standardization of analytic approaches that are applicable to the advanced
contird room technology has yet to be developed. The main reason for this is due
to the newness of the area. However, computer controlled processes have been
around for sufficient time to indicate to those involved in research and to those
in design that the analysis of the overall system requires a new approach. There
is 3 need for cognitive task analysis, appreciation for cognitive aspects of
human computer interface design and for the integration of these components into
the overall systems analysis tools for the designer.

This message has been made clear by the human factors experts contacted in our
survey. Many of those interviewed indicated that the nuclear industry in North
America needs to develop a consolidated approach to systems design that takes
into account the greater role of the computer in the human-system interface. Work
in Europe has progressed well beyond North America in the research and
development on the human factors of advanced systems. This work is evident in the
papers contained in Rasmusseri et al. (1987) New Technologies and Human Error (New
York; Wiley & Sons) and Goodstein et al. (1988) Tasks, Errors and Mental Models
(Taylor & Francis).
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The work of Rasmussen (1986) and various others as evidenced by papers contained
in Hollnagel et al (1986) Intelligent Decision Support in Process Environments,
and Tauber and Ackermann (1991) Mental Models and Human-Computer Interaction 2,
indicates that there is a rapid pace of developments in cognitive engineering and
science as applied to the process industry just waiting for application here.

Another concern of a number of respondents is the trend toward complete control
of systems by computers. There are knowledgeable people out there telling us this
is a mistake (e.g. Bainbridge, 1983 -"Ironies of Automation", Automatica 19;
Reason, 1991 - Human Error. Cambridge Press; Moray, 1986 - "Monitoring and
Supervisory Control", in Boff et al.). The focus on human-system designs that
keep the human in the loop cannot be overemphasized. As Dr. Bainbridge has
revealed, the human errors that automated systems eliminate when human tasks are
taken over by the computer are replaced by other human errors caused by the
software and hardware designers. Hence, when the automated part of the system
fails, the human is left to determine how to recover the system or shut it down
safely.

Further to this problem is the fact that automated systems introduce more
equipment and more complexity into the system. That means a tougher job for the
maintenance crew - more equipment to fix and more complicated systems to
diagnose. Also, the role of the maintenance personnel in contributing to error
is increased. So, automation may in fact not reduce human error but on the
contrary may increase the probability of human error.

A grear. deal of research and development has occurred in the use of artificial
intelligence and expert systems to enhance the operator's and maintainer's
performance. Many of these applications are described by Bernard and Washio
(1990) . There also have been some cautionary papers written about the use of this
technology to enhance human performance (Bainbridge, 1989 - "Will Expert Systems
Solve the Operators' Problems?", U. of Twente - Ergonomics Working Group 1989;
Johannsen and Woods, 1991 - IEEE International Conference on Systems, Man and
Cybernetics). The message given is to be aware of the motive for automation and
the consequences of removing the human from functions that are critical to the
operator's understanding of system parameters, system states, stages of the
process and the conditions under which all of these are occurring.
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6.6 SYSTEM LIFETIME PHASES

Table 6.6-1 describes the recommended times in which the given analysis should
be used according to the system lifetime phases. The rationale for each analysis
is given below.

Table 6.6-1: Recommended Analyses Per System Lifetime Phase

TYPE OF ANALYSIS

System Analysis
Task Analysis
Human Reliability Anal.
Risk Assessment
Training Analysis
HCI Analysis
Rapid Protyping
Workstation Analysis
Worksite Analysis
Workload Analysis
Maintainability Anal.
Evaluation & Testing
Human Perf. Modelling

6.6.1 System Analysis

DESIGN

X
X
X
X
X
X
X
X
X
X
X
X
X

SYSTEM
BUILD

X
X
X
X
X
X
X
X

X
X

LIFETIME PHASE
COMMIT

X
X
X
X

X

X
X

OPERATE

X
X
X
X

X
X

X
X

DECOM

X
X
X
X

X
X

The rule of thumb is that systems analysis must begin at the beginning of
conceptual design. The process then continues through detailed design. The
techniques used for human factors systems analysis include function
identification and allocation, information flow analysis and operational sequence
analysis. Once the design has been frozen systems analysis is complete.

6.6.2 Task Analysis

Task analysis is performed throughout detailed design. It is an iterative process
and requires updates as the design matures. Task analysis in modified forms also
will be used during training analysis, cognitive modelling, human reliability
analysis, maintainability analysis and human performance testing. Hence, this
powerful method will be used during all phases of the system lifetime. This
includes decommissioning where cleanup tasks and related activities during the
decommissioning of the facility must be planned.
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6.6.3 Human Reliability Analysis

Human Reliability Analysis includes identification and classification of errors
caused by human action, prediction of the probability of errors and risk
assessment, and the analysis of causation of human error. These analyses can be
performed early in the detailed design, though only conceptual approaches may be
done at this time. Typically, identification of errors and their root cause must
be determined by creating conceptual models based on past experience with other
similar systems. The process consists of conceptual task analysis, fault tree
analysis, information flow analysis and modelling operator/maintainer behaviour.

6.6.4 Risk Assessment

The assessment of the level of risk attributed to the human component of the
system is performed by assigning probabilities to errors identified during the
Human Error Analysis. These error probabilities are weighted according to
severity of outcome (consequence/criticality) and a predicted value of their
contribution to overall system safety is derived. The risk to the safety of the
system is expressed as a probability that a category 1 or category 2 failure will
occur (accident results in death of personnel or system loss; or major system
damage or severe injury or severe occupational illness to personnel,
respectively).

6.6.5 Training Analysis

Training analysis consists of a planning and development component and an
assessment component. Planning and development occurs throughout detailed design.
This component involves identifying the jobs and high level tasks that will be
trained, the structure of the training system, types of manuals and materials to
be available during the training, anticipated examination approaches etc. The
needs assessment component examines, in detail, the actual tasks and task
elements (task analysis) to be performed by trainees once on the job. Knowledge,
skills and abilities (KSA) required to do the job will be identified. Then the
people who will be trained will be profiled (person analysis) and compared to the
KSA requirements of the actual job. Detailed training curricula can be
recommended to train the various types of recruits expected. Information about
task requirements are fed back into the design process. The over-loading of
personnel and demands for unreasonable training requirements will be avoided
through this feedback process.

A parallel task is the identification of the organizational constraints
(organizational analysis) and influences on the training system. These include
company policies, expectations and resources. The needs assessment component
should occur during the build phase when prototype equipment is available for
observation of job tasks and when the design has been frozen.
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6.6.6 Human-Computer Interface (HCI) Analysis

This analysis consists of examining functions handled by the computer and by the
operator. The analysis identifies information needs of the operator ar.d input
requirements of the computer. From these sets of requirements screen formats,
input means, information requirements, menu structures and retrieval response
times etc. are identified. Specified approaches for these requirements are
recommended to designers and alternate concepts are developed. Good human factors
HCI principles (usability) are followed and the design concept assessed from time
to time. The time for much of this work is during the conceptual and detailed
design phase. Some further HCI evaluation will occur as the system matures and
through the build phase.

6.6.7 Rapid Prototyping

Once a design concept for the HCI has been developed, prototypes of the HCI are
created and tested. A rapid prototyping tool like HyperCard, HyperPAD, or
Protoscreens, to mention only a few, is used to provide a mockup of the HCI as
it would look to the user of the actual system. Simulated (canned) scenarios are
developed based on the performance requirements of the system. Subjects are
tested using alternate prototypes of the HCI and results compared. Errors,
accuracy, speed and user preferences are examined. Specific problems with the HCI
are identified and solutions sought. Rapid prototyping of the HCI is solely a
design activity.

Final installation of the approved software should occur only after all hardware
changes have been made and the design is frozen. Hence, once the hardware has
been built, installed and approved, the final version of the software will be
installed. Therefore, some rapid prototyping of penultimate design will occur
during the build.

6.6.8 Workstation Analysis

The analysis of the workstation hardware design is a design activity. However,
some modifications during the build may be necessary, and are often done. The
analysis involves the identification of functions of the workstation, the
requirements for usability of the equipment and the development of
specifications for human factors features in the design. These features are
integrated into the design. Trade offs are considered with respect to alternate
designs incorporating different solutions to human factors problems. Concepts
are compared and chosen concepts are further developed into specifications for
detailed design. Specified materials, dimensions and components to be
incorporated into the design are written and recommended for design.

6.6.9 Worksite Analysis

The proposed worksite of the system is designed with human factors features from
the concept stage through to the build. Initial layout concepts are compared and
trade offs considered regarding among other items, equipment placement, traffic
patterns, functional flow of the facility, work area associations, noise,
ventilation, lighting, safety features, and other aspects of the worksite that
concern personnel safety, effectiveness, health and quality of the work
environment.
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6.6.10 Workload Analysis

The analysis of workload, both physical and mental is done during design and
development. The process involves using task analysis data and identification of
displays and controls. Mocked up versions of the interface can be used. Some
preliminary workload analysis of the simulated system may be done late in design
before integration and test. Simulated interfaces can be compared and resultant
workload determined. The analysis consists of measuring the amount of physical
work (through biomechanical physiological techniques) or the amount of mental
work performed through measurement of such parameters as information processing
loads, physiological responses, and the resultant human performance.

6.6.11 Maintainability Analysis

Maintainability analysis is a systems design process that begins at the concept
stage and progresses through to the build. The analysis is both quantitative and
qualitative. The main focus of the analysis is to ensure that the design follows
sound human factors principles. The secondary task is to measure the mean
restoration time for the system within a particular operating environment. The
latter involves modelling the system parameters for reliability and
maintainability metrics, assigning values based on empirical data, experience and
system constraints.

6.6.12 Evaluation and Testing

The evaluation of the system is an ongoing part of the design process and is
culminated by the time the system is commissioned. Most testing occurs near the
end of the design phase. Some testing can occur during the build where last
minute changes can happen. Evaluation of equipment usually takes the form of
checklists, trade studies, design review and surveys. The testing of equipment
is performed using mock-ups, prototypes, simulation during detailed design, and
actual testing is performed on the system itself during integration and test.

6.6.13 Human Performance Modelling

The modelling of the human performance expected in the system, once built, begins
during the early stages of design. Experience with other similar systems,
preliminary task analysis (cognitive and activity based), and systems analysis
constitute the information necessary to develop a human performance model. Types
of models include: task network models; information processing models; control-
theoretic models; and knowledge-based models. The model will be used to predict
human behaviour and performance for a particular system within a particular
environment; or if prediction is not possible the model will describe human
performance within a particular system in a particular environment. This
information regarding human performance and behaviour can be used to influence
design decisions, determine root cause of human errors, provide input into
training and procedure development, improve overall system performance.
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6.7 Selection of Best Guides, Standards, Guidelines and Handbooks

6.7.1 Application as Indicated by the Experts

Table 6.7.1-1 illustrates application of the document according to use identified
by the survey. There were 11 people who responded to the survey. The numbers
given in table 6.7.1-1 indicate the use of the documents by the respondents.
Interviews with the respondents confirm these usages. The respondents were
experienced human factors experts that have a broad range of expertise in various
applications in high tech industries.

Only those documents that were used by the respondents are included in table
6.7.1-1. The survey has 31 documents listed for guides, guidelines, handbooks or
standards. Eight additional documents were added by the respondents. The total
is 39 altogether. Of these, 22 documents were actually used by the respondents.
Though this result may be an artifact of the small sample size, the experience
of the authors, combined with discussions with experts not included in the
survey, suggest that the selection of used documents is representative.

The survey is shown in Appendix A. Note that the survey has many more categories
across the top than found in table 6.7.1-1. Some areas given in the survey were
not part of the job of the human factors experts contacted during the
investigation. One of these areas was that of training. This category was left
blank on all surveys completed by the respondents. When questioned later as to
why this was the case, all stated that they were not involved with training in
a direct manner. Their involvement was usually peripheral and did not include the
use of human factors guideline documents. The training categories were ignored
in the sections under methods as well.

Another category left blank by the respondents included decommissioning. The
category personnel selection was addressed by only one individual who used MIL-
STD-1472C and NASA-STD-3000 for support of personnel selection decisions.
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Table 6

DOC.
*

(1)
(2)
(3)
(4)
(5)

(6)
(7)
(8)
(9)
(10)

(11)
(12)
(13)
(14)
(15)

(16)
(17)
(18)
(19)
(20)

(21)
(22)
(23)
(24)
(25)

(26)
(27)
(31)

'NOTE:

klmjs I

. 7 . 1 - 1 :

DES.

1.5
3.0
3.0
2.5
3.0

2.7
—
3.0
3.0
2.0

2.0
—
2.0
2.2
—

—
2.5
—
—

1.0
2.0
—
1.0
—

_
2.0
—

W.S

1.5
3.0
3.0
2.6
3.0

3.3
—
3.0
1.7
2.0

2.0
1.0
2.0
2.7
—

—
2.2
—
—

2.5
—
1.0
1.0

_
2.0
—

Application of Guideline:
Indicated by the

HCI

2.0
—
—
—
—

3.0
2.0
—
2.7
3.0

3.0
—
—
—
2.0

2.0
1.0
—
—
2.5

_.
—
—
—
—

—
3.0

E.D.

1.4
3.0
—
3.0
2.0

2.7
—
—
2.5
2.0

3.0
2.0
3.0
2.2
—

—
2.0
—
—

_

2.5
—
2.0
—

2.0
—

W.L

2.5
—
3.0
—
—

3.0
—
—
2.7
3.0

3.0
—
2.0
3.0
—

—
—
—
—

3.0
—
—
—

_
—
—

See section 6.7.2 for reference and section

Scale

1st Often Ute SoKtiiet tirelr Vtt

Survey

MTC

2.2
3.0
—
—
—

1.5
—
2.0
—
—

._

2.0
3.0
1.0
—

—
—
—
—

2.0
3.0
—
—

3.0
—
—

i, Guides, Handbooks

OPS

2.0
—
—
—
—

1.5
—
—
—
—

_
—
—
—
—

...
—
2.0
—
—

—
—
2.0
—

3.0
—
—

6.7.3 for description

E&T

1.5
3.0
—
4.0
2.0

3.0
—
—
3.0
2.0

3.0
—
—
3.0
—

-
—
—
—
—

-
—
—
—
—

_
—
—

of heading.

SAF

2.0
3.0
—
—
—

3.0
—
—
3.0
—

2.0
—
3.0
3.0
—

—
—
3.0
—

3.0
2.0
—
—

__
—
—

, and

MTN

1.3
3.0
—
—
—

1.5
—
2.0
—
—

3.0
—
3.0
1.5
—

...
—
—
—
—

...
1.0
—
—
—

_
2.0
—

Standards

HRA

_
—
—
—
—

M |

—
—

—

3.0
—
—
—
—

—
—
2.0
—

1.0
4.0
—
—
—

—
—

GEN

1.0
3.0
—
—
—

2.0
—
—
1.0
1.0

1.0
1.0
2.0
1.0
—

...
—
3.0
—
—

—
—
2.0
—

...
—
—

DM

I I I
2 3 4



27

6.7.2 Key for Table 6.7.1-1 and Table 6.5.1-1

(1) MIL-STD-1472 HUMAN ENGINEERING DESIGN CRITERIA FOR MILITARY SYSTEMS

(2) MIL-HDBK-759A HUMAN FACTORS ENGINEERING DESIGN FOR ARMY MATERIEL
(3) M1L-STD-147S HlWfAN PERFORMANCE ANALYSIS
(4) USAF DH:1-3 HUMAN FACTORS ENGINEERING HANDBOOK
(5) MIL-HDBK-743A ANTHROPOMETRIC HANDBOOK
(6) NASA-STD-3000 MAN-SYSTEM INTEGRATION STANDARD
(7) NASA-USE-1000 SPACE STATION INFORMATION SYSTEM- HCI GUIDE
(8) NASA-NHB-5300.4 (1E) MAINTAINABILITY PROGRAM REQUIREMENTS FOR SPACE SYSTEMS
(9) BOFF, KAUFMAN, THOMAS HANDBOOK OF PERCEPTION AND HUMAN PERFORMANCE
(10) BOFF AND LINCOLN DATA COMPENDIUM OF HUMAN PERFORMANCE
(11) SALVENDY HUMAN FACTORS HANDBOOK
(12) SALVENDY INDUSTRIAL ENGINEERING HANDBOOK
(13) WOODSON HANDBOOK OF HUMAN FACTORS
(14) VAN COTT AND KINKADE HUMAN ENGINEERING GUIDE TO EQUIPMENT DESIGN
(15) HELANDER HANDBOOK OF HUMAN COMPUTER INTERACTION
(16) SMITH AND MOSIER GUIDELINES FOR DESIGNING USER INTERFACE SOFTWARE
(17) MAYHEW PRINCIPLES AND GUIDELINES IN SOFTWARE USER INTERFACE DESIGN
(18) NUREG/CR-0700 GUIDELINES FOR CONTROL ROOM DESIGN REVIEW
(19) NUREG/CR-1278F HANDBOOK OF HUMAN RELIABILITY ANALYSIS
(20) NUREG/CR-4227 HUMAN ENGINEERING GUIDELINES FOR THE EVAL. 8, ASSESS. OF VDUs
(21) IEEE-84S GUIDELINE FOR HUMAN FACTORS IN DESIGN AND RETROFIT OF NPPs
(22) EPRI-NP-4350 HUMAN ENGINEERING DESIGN GUIDELINES FOR MAINTAINABILITY
(23) EPRI-NP-2360 HUMAN FACTORS: ASSESSING PLANT MAINTAINABILITY
(24) EPRI-NP-3569 HUMAN FACTORS GUIDE FOR NUCLEAR POWER PLANT CONTROL ROOM DEVELOPMENT
(25) ANSI-STD-HFS-100 AMERICAN NAT. STANDARD FOR HUMAN FACTORS ENG. OF VDT WORKSTATIONS
(26) ANS DESIGN GUIDELINES FOR HANDLING RADIOACTIVE MATERIALS, FACILITIES & EQUIPMENT
(27) CAN/CSA 22412-M89 OFFICE ERGONOMICS: A NATIONAL STANDARD
(28) NUREG 45454 ADVANCED HUMAN-SYSTEM INTERFACE DESIGN REVIEW GUIDELINES
(29) GILMORE, GERTMAN & BLACKMAN USER-COMPUTER INTERFACE IN PROCESS CONTROL: A HFE HANDBOOK
(30) INVERGARD HANDBOOK OF CONTROL ROOM DESIGN AND ERGONOMICS
(31) BROWN HUMAN COMPUTER INTERFACE DESIGN GUIDELINES
(32) EPRI CS-3745 ENHANCING FOSSIL POWER PLANT DESIGN: HUMAN FACTORS GUIDELINES

6.7.3 Descriptions for Headings

DOC. DOCUMENT
DES. OVERALL DESIGN
W.S WORK STATION DESIGN
HCI HUMAN-COMPUTER-INTERFACE DESIGN
E.D. EQUIPMENT DESIGN
W.L WORKLOAD ANALYSIS
MTC MAINTENANCE
OPS OPERATIONS
E&T EVALUATION AND TEST
SAF SAFETY ANALYSIS
MTN MAINTAINABILITY
HRA HUMAN RELIABILITY ANALYSIS
GEN GENERAL REFERENCE
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6.7.4 Ratings of Guidelines. Guides. Handbooks and Standards

Table 6.7.4-1 reports the ratings for each of the documents that were identified
by the experts ana that were reviewed by us. This list contains those documents
that according to the criteria described in section 5.3 above, would be most
useful for application to the nuclear facility.

Table 6.7.4-1: Ratings of Guidelines, Guides, Handbooks, and Standards

VALIDITY COMPLETENESS PRACTICALITY

1 1 2
2 1 2
3 3 3
2 2 2
1 3 2

1 1 2
3 3 2
3 3 2
1 2 3
1 2 3

2 1 2
2 3 2
2 1 2
2 2 2
3 3 1

2 3 2
3 3 1
1 2 2
2 3 3
2 3 2

1 2 2
1 3 1
1 3 2
1 1 1
1 3 2

? ? ?
1 2 2
1 2 1
2 3 2
3 2 2

3 3 2
2 1 1

'NOTE: See secft'on 6.7.2 on page 27 for references .

DOCUMENT
•
(D
(2)
(3)
(4)
(5)

(6)
(7)
(8)
(9)
(10)

(11)
(12)
(13)
(14)
(15)

(16)
(17)
(18)
(19)
(20)

(21)
(22)
(23)
(24)
(25)

(26)
(27)
(28)
(29)
(30)

(31)
(32)

APPLICABILITY

2
2
2
2
2

2
2
3
2
2

3
3
2
2
2

2
2
2
2
2

1
2
2
2
2

?
3
1
1
2

3
2
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6.8 Responses Regarding Applicability of Methods From the Interviews

Table 6.8-1 below lists the methods selected by the respondents. Each is shown
with the average rating given for frequency of use. The number of individuals
using the method is also given.

Table 6.8-1: Survey Results: Use of Methods

DOCUMENT

NUREG/CR 3371
MEISTER (1985)
FOLLEY
DRURY
ROTH & WOOD'S COGNITIVE TASK ANALYSIS
RASMUSSEN'S COGNITIVE TASK ANALYSIS
MORAY'S 1979 REVIEW
WICKEN'S MULTIPLE RESOURCE MODEL
NAVON & GOPHER POC METHOD
COOPER & HARPER SUBJECTIVE MEASURES
REID ET AL. SWAT TECHNIQUE
ALDRICH/CRADDOCK/McCRACKEN-DEMAND ANAL.
NIOSH GUIDES FOR WORKLOAD ANALYSIS
RASMUSSEN'S SKILLS, RULES, KNOWLEDGE
WICKEN'S REVIEW OF HP MODELS
OLSEN & OLSEN (1990) REVIEW
CARD, MORAN & NEWELL - OMS
REASON (1991) REVIEW
SWAIN & GUTMANN (NUREG/CR-1278F)
RASMUSSENEYAL. (1987)
HYPERCARD FOR RAPID PROTOTYPING
VAPS PROTOTYPING SYSTEM
GRAPHICAL MODELLING SYSTEM (GMS)
LOCKHEED USER INTERFACE SYSTEM (LUIS)
SAINT MODELLING AND SIMULATION SYSTEM
KIDD & VAN COTT SYSTEM & HE ANALYSIS
MEISTER (1971)
MIL-H-46855B
IDEF SOFTWARE SYSTEM FUNCTIONAL DIAG.
XTAR SYSTEMS MODELING TOOL
COSIMO SIMULATION AND MODELLING TOOL

OVERALL
USE RATING

1.0
3.0
1.0
2.7
3.6
1.3
2.8
2.3
2.3
2.9
3.6
2.0
1.7
2.6
2.2
1.0
1.7
2.0
2.0
1.0
3.0
3.8
2.5
3.0
2.8
2.4
3.0
2.6
3.0
3.0
3.0

NUMBER OF
USERS

1
1
1
3
1
3
2
4
3
2
2
1
1
2
2
1
2
1
2
1
1
3
1
1
2
2
3
4
1
1
1

Scale

Use Often Ust Stmttitti iirtlj Ose
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6.8.1 Use of Methods by Respondents

The use of the methods by the respondents to the survey is shown in table 6.8-1
above. The classical task analysis method that was mentioned most by respondents
was the section on task analysis prepared by Drury (198b) in Saivendy's handbook.
Rasmussen's technique for cognitive task analysis received recognition by 3
respondents who favoured the approach. Wicken's text received high marks as a
reference and primer in cognitive and human performance modelling, for workload
analysis and general discussion on methods in engineering psychology. Two
respondents recommended Rasmussen's technique of operator behaviour modelling,
based on the skill/rule/knowledge model of operator behaviour, as useful for
understanding the cognitive tasks involved in the interaction between operators
and highly automated process control systems. Two respondents indicated that
Card, Moran and Newell's recent work with their Operator Modelling System shows
some promise as having application to complex process control situations. Navon
and Gopher's method of workload analysis was used by 3 respondents, with a use
rating of "often used". Others used were: Cooper & Harper's highly regarded
technique for workload analysis; Reid et al. SWAT technique for workload
analysis; and Aldridge, Craddock and McCracken's technique for measuring
helicopter crew workloads.

Reliability analyses used included approaches developed by Reason (1991); Swain
and Gutmann's classic technique (THERP) for human error prediction and analysis;
and various human reliability modelling techniques contained in Rasmussen et al.
(1987) based on Rasmussen's Skill/Rule/Knowledge Hierchical model. Two
respondents referred to the recent text by Reason (1991) on human error as an
excellent source of the latest in human reliability analysis approaches. Other
texts mentioned as useful sources for modelling human reliability and performing
HRA include: Rasmussen et al. (1987), Goodstein et al. (1988) and Hollnagel et
al. (1986).

The most common system used for rapid prototyping is the Virtual Analysis and
Prototyping System (VAPS). However, respondents indicated that more accessible
and easier to use rapid prototyping systems exist in HyperCard or other PC based
hyper media systems that provide graphical tools and dialogue interfacing
capabilities (HyperPAD, Protoscreens etc.). Other systems used were the Graphical
Modeling System (GMS) and the Lockheed User Interface System (LUIS).

Automated systems analysis tools used included the commonly used Systems Analysis
for Integrated Network of Tasks (SAINT); IDEF; XTAR; and COSIMO. Classical
approaches to human factors systems analysis were also used including Meister's
1971 techniques, Kidd & Van Cott (1972) and for those tasked with HFE of military
programs, the approach outlined in DOD-HDBK-643 (Human Engineering Procedures
Guide. - 1987) which meets the requirements of MIL-H-46855B, the U.S. military's
program requirements document for human factors engineering. An excellent review
of various automated system analysis techniques can be found in Meister (1985) .
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Many respondents were familiar with Wicken's text and recognized this book as an
excellent source for discussion of techniques for application to the modern
advanced control systems for which most Human Factors Engineering (HFE) people
are now responsible. Wickens describes many cognitive models, includine his
multiple resource model which has become popular with those modelling complex
supervisory tasks. In a similar vein, many of the respondents also found
Rasmussen's (1986) text very useful for conceptual modelling of complex cognitive
tasks. Rasmussen's Skill-Rule-Knowledge based model provides a structure for
understanding how the user's thought processes interface with the system. Though
the structure provided by Rasmussen is not easy to apply directly to real
systems, its completeness provides a rich representation of the cognitive
interchanges that occur between the user and the system.
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6.9. Selection of Best Methods

6.9.1 Application as Indicated by the Experts

Table 6.9.1-1 illustrates application of the method according to use identified
by the survey. The numbers given in table 6.9.1-1 indicate the use of the nethod
by the respondents. Interviews with the respondents confirms these usages.

Table 6.9.1-1: Application of Methods

DOC. DES. W.S HCI ED. W.L MTC OPS E&T SAF MTN HRA GEN

(1)
(2)
(3)
(4)
(5)
(6)

(7)
(8)
0)
(10)
01)
(12)
(13)

(14)
(15)
(16)
(17)

(18)
(19)
(20)

(21)
(22)
(23)
(24)

(25)
(26)
(27)
(28)
(29)
(30)
(31)

—
3.0
—
1.7
2.0
1.5

3.0
2.5
—
3.0
3.0
—
2.0

2.5
2.5
1.0
1.0

_

3.0
—

—
—
—

3.0
1.7
3.0
1.5
3.0
3.0
3.0

—
3.0
—
2.0
2.0
1.5

,

2.0
—
2.0
4.0
2.0
1.5

2.5
2.0

—

3.0
—

_
—
—
—

3.0
2.0
3.0
3.0
—
3.0
3.0

—
—
—
—
2.0
1.0

__
—
—
—
—
—
—

2.0
2.0
—
3.0

—
—

3.0
4.0
3.0
3.0

—
—
—
—
—
—

—
—
—
3.0
—
—

—
—
3.0
4.0
2.0
2.0

_

2.0

—

2.0
—

_
—
—
—

3.0
—
3.0
—
—
—

—
—
—
—
—
1.0

2.5
2.0
2.3
3.0
3.5
2.0
1.0

3.0
2.0
—
—

—
—
—

4.0
—
—

2.5
2.5
—
—
—
—
—

1.0
—
—
3.0
—
—

....

2.0
—
—
—
—
3.0

—
—
—

—
—
—

_
—
—
—

_

3.0
—
3.0
—
—
—

1.0 - —
— 3.0 —

— 3.0 3.0
3.0 — —

3.0
4.0

3.0
3.0

2.0
3.0
2.0

- 1.0 -
3.0 — —
- 3.0 -

3.0
3.0

3.0
3.5
2.0
2.0

3.0
3.0

2.0

—

3.0

1.0

3.0

2.0

2.0

3.0

P
P

 
,

CM
 C

M
 1

1.0

—

3.0

4.0

—

2.0
1.0
1.0

2.5

3.0

'NOTE: See section 6.9.2 for reference and section 6.7.3 for description of heading.

Scale

Alttjs Hit Often Use Soutint luelj Vst
Hit

I I I I
1 2 3 4
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6.9.2 Key for Table 6.9.1-1

TASK ANALYSIS

(1) NUREG/CR-3371 TASK ANALYSIS OF NUCLEAR POWER PLANT CONTROL ROOM CREWS
(2) MEISTER, D. (1985) TASK ANALYSIS IN BEHAVIORAL ANALYSIS & MEASUREMENT METHODS
(3) FOLLEY, J. (1964) GUIDELINES FOR TASK ANALYSIS
(4) DRURY, C. (1987) TASK ANALYSIS IN SALVENDY'S HANDBOOK OF HUMAN FACTORS
(5) ROTH & WOOD (1989) COGNITIVE TASK ANALYSIS IN TOPICS IN EXPERT SYSTEM DESIGN
(6) RASMUSSEN, J. (1986) COGNITIVE TASK ANALYSIS IN INFORMATION PROCESSING IN HMI

WORKLOAD ANALYSIS

(7) MORAY, N. (1979) MENTAL WORKLOAD: ITS THEORY AND MEASUREMENT.
(8) WICKENS, C. (1984) ENGINEERING PSYCHOLOGY AND HUMAN PERFORMANCE.
(9) NAVON & GOPHER (1980) POC METHOD IN ATTENTION AND PERFORMANCE III BY NICKERSON
(10) COOPER & HARPER (1969) USE OF PILOT RATING IN EVALUATION OF AIRCRAFT HANDLING CHAR. NASA TN-D-5153
(11 ) REID ET AL. (1981 ) SUBJECTIVE WORKLOAD ASSESSMENT TECHNIQUE (SWAT)
(12) ALDRICH, CRADDOCK & McCRACKEN (1984) ATTENTIONAL DEMAND ANALYSIS
(13) NIOSH GUIDES FOR WORKLOAD ANALYSIS

COGNITIVE MODELLING

(14) RASMUSSEN, J. (1986) INFORMATION PROCESSING & HUMAN-MACHINE INTERACTION
(15) WICKENS, C. (1984) ENGINEERING PSYCHOLOGY AND HUMAN PERFORMANCE.
(16) OLSEN & OLSEN (1990) GROWTH OF COGNITIVE MODELS IN HCI
(17) CARD, MORAN & NEWELL (1983) GOMS IN THE PSYCHOLOGY OF HUMAN COMPUTER INTERACTION

HUMAN RELIABILITY ANALYSIS

(18) REASON, J. (1991) HUMAN ERROR. CAMBRIDGE UNIVERSITY.
(19) SWAIN & GUTMANN (1980) HANDBOOK OF HUMAN RELIABILITY ANALYSIS. NUREG/CR-1278F
(20) RASMUSSEN, Y. ET AL. (1987) NEW TECHNOLOGY AND HUMAN ERROR

RAPID PROTOTYPING TOOLS

(21) HYPERCARD APPLE MACINTOSH
(22) VIRTUAL ANALYSIS AND PROTOTYPING SYSTEM (VAPS) VIRTUAL PROTOTYPES - MONTREAL
(23) GRAPHICAL MODELLING SYSTEM (GMS)
(24) LOCKHEED USER INTERFACE SYSTEM (LUIS)

HUMAN SYSTEMS ANALYSIS

(25) SYSTEMS ANALYSIS FOR INTEGRATED NETWORK OF TASKS (SAINT)
(26) KIDD & VAN COTT (1972) SYSTEM AND HUMAN ENGINEERING ANALYSIS.
(27) MEISTER, D. (1971) HUMAN FACTORS: THEORY AND PRACTICE
(28) MIL-H-46855B (1979) HUMAN ENGINEERING REQUIREMENTS FOR MILITARY SYSTEMS
(29) IDEF SOFTWARE SYSTEM FUNCTIONAL DIAGRAMS
(30) XTAR SYSTEMS MODELING TOOL
(31) COSIMO SIMULATION AND MODELLING TOOL
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6.10 Best Methods for Nuclear Facility Application

The following specific methods were selected as the most promising for
application to modern nuclear facilities. The basis for the selection includes
usage by the experts, their recommendations and acceptability according to the
literature.

Task Analysis

Baber & Stanton (1990) Human Error HTA
Bainbridge (unpub. manu., 1989) Cognitive TA
Hodgkinson & Crawshaw (1985) Hierarchical TA
Moray et al (1985) Prescriptive TA
Meister (1985) Traditional TA
NUREG/CR-3371 (1978) Traditional Descriptive TA
Rasmussen (1986) Cognitive TA
Roth & Woods (1989) Cognitive TA

Workload Analysis

Moray (1979) Subjective Mental Workload
Wickens (1984) Secondary Task Measures (Multiple resources)
Cooper & Harper (1969) Subjective Workload
Reid et al. (1981) SWAT
Navon & Gopher (1980) POC
Bratfisch (1972) Magnitude Estimate Technique
Daryanian (1990) Paired Comparisons and Equal Appearing Intervals
Williges and Wierwille (1979) Primary Task Measures

Cognitive Modelling

Rasmussen (1986) SRK
Baron et al. (1980; 1986) PROCRU
Wherry (1976) HOS
Siegal & Wolfe (1969) Task Network (in Elkind et al., 1990)

Human Reliability Analysis

Swain and Gutmann (1980) THERP
Embrey (1986; 1987) SHERPA
Embrey et al. (1985) SLIM-MAUD
Park (1987) FTA
Hall et al. (1982) OAT

Human Computer Interface Analysis

MIL-HDBK-761A USI Analysis
Williges et al. (1987) Method in Salvendy
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Maintainability Analysis

EPRI NP-3588

NUREG/CR-3517

Training Analysis

Craig, R.L. (1976) Traditional methods

Goldstein, I (1986) Systematic approach
Meister (1985) Instructional Systems Development
Human Factors Systems Analysis

Meister (1971)
DOD-HDBK-763

Worksite Analysis

Eastman Kodak Company (1986)
Grandjean (1985)
EPRI-NP-3659

Evaluation and Test

Meister (1986)

Appendix D contains detailed summaries of most of these methods.



36

6.11 RATINGS FOR THE SPECIFIC METHODS

The. following tables provide ratings for applicability of the methods to system
lifetime phases. Comments are described below each of the tables. The first
character is the rating for the applicability of the method to the indicated
phase; the second character refers to the rating for the practicality.

NOTE: The first letter code of the applicability/practicality ratings (e.g H/L)
represents applicability. The second letter code (following the slash) represents
practicality.

Human-Computer-Interface Analysis

METHOD

MIL-STD-761A

NASA-USE-1000

System Lifetime Phases

DESIGN

HIM

HIM

BUILD

M/M

M/M

COMMIT

X

X

OPERATE

X

X

DECOMM

X

X

COMMENT

a,b

Cd

L - low applicability or practicality
M - moderate applicability or practicality
H - high applicability or practicality
X - does not apply to this phase or applicablity not yet determined

a - this military document describes an approach to HCI analysis that is
comprehensive and is suited to control room design

b - technique requires that the analyst be well trained
c - techniques described for test and evaluation very applicable to control room
d - analyst requires some training in behavioural analysis techniques

Human Performance Modelling and Analysis

METHOD

HOS

PROCRU

SAINT

S-R-K (Rasmussen)

System Lifetime Phases

DESIGN

UM

M/M

M/M

H/L

BUILD

X

X

X

X

COMMIT

UM

M/M

M/M

H/L

OPERATE

UM

M/M

M/M

H/L

DECOMM

X

X

X

X

COMMENT

a

b

a

c

L - low applicability or practicality
M - moderate applicability or practicality
H - high applicability or practicality
X - does not apply to this phase or applicablity not yet determined

a - personal computer-based model
b - mainframe based model
c - conceptual model
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Human Factors Systems Analysis

METHOD

Meister

DOD-HDBK-763

System Lifetime Phases

DESIGN

H/H

H/M

BUILD

X

X

COMMIT

X

X

OPERATE

X

X

DECOMM

X

X

COMMENT

a

L - low applicability or practicality
M - moderate applicability or practicality
H - high applicability or practicality
X - does not apply to this phase or applicablity not yet determined

a - see general summary for details

Human Reliability Analysis

METHOD

OAT

SHERPA

SLIM-MAUD

THERP

System Lifetime Phases

DESIGN

M/H

H/H

H/H

M/M

BUILD

M/M

H/H

H/H

M/M

COMMIT

M/M

H/H

H/H

M/M

OPERATE

M/M

H/H

H/H

M/M

DECOMM

M/M

H/H

H/H

M/M

COMMENT

a

b

c

d

L - low applicability or practicality
M - moderate applicability or practicality
H - high applicability or practicality
X - does not apply to this phase or applicablity not yet determined

a - able to analyze knowledge-based errors
b - based on hierarchical task analysis, skills-rules-knowledge model, SLIM-MAUD methodology for
human error quantification
c - anchor points of curve must be very carefully chosen for calibration
d - ideal for Probabilistic risk assessment, not for identifying root cause
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Workload Analysis

METHOD

Cooper-Harper Scale

U. of Stockholm Scale

Magnitude Estimation

Paired Comparison

SWAT

Primary Task Measure

Secondary Task Measure

System Lifetime Phases

DESIGN

L/M

M/H

H/H

L/L

M/H

M/H

H/M

BUILD

X

X

X

X

X

X

X

COMMIT

L/M

M/H

H/H

UL

M/H

M/H

H/L

OPERATE

L/M

M/H

H/H

L/L

M/H

M/H

H/L

DECOMM

L/M

M/H

H/H

L/L

M/H

M/H

H/L

COMMENT

a

a

a

a

a

b

b

L - low applicability or practicality
M - moderate applicability or practicality
H - high applicability or practicality
X - does not apply to this phase or applicablity not yet determined

a - subjective measure
b - performance measure

Training Analysis

METHOD

Craig

Goldstein

Meister

System Lifetime Phases

DESIGN

H/H

H/L

M/H

BUILD

L/L

L/L

L/L

COMMIT

L/L

UL

H/H

OPERATE

H/H

H/H

H/H

DECOMM

H/L

H/L

M/H

COMMENT

a

a

b

L - low applicability or practicality
M - moderate applicability or practicality
H - high applicability or practicality
X - does not apply to this phase or applicablity not yet determined

a - generic approach and reference document
b - structured training system
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Task Analysis

METHOD

Baber & Stan ton

Meister

Burgy et al

Moray et al

Hodgkinson et al

Rasmussen

Roth & Woods

Bainbridge

System Lifetime Phases

DESIGN

H/M

H/H

M/H

H/H

H/H

H/L

H/M

H/H

BUILD

H/L

H/H

M/H

H/H

H/H

H/L

H/M

H/H

COMMIT

H/L

H/H

M/H

H/H

H/H

H/L

H/M

H/H

OPERATE

H/L

H/H

M/H

H/H

H/H

H/L

H/M

H/H

DECOMM

H/L

H/H

M/H

H/H

H/H

H/L

H/M

H/H

COMMENT

a

b

b

b

c

d,e

d,e

d,f

L - low applicability or practicality
M - moderate applicability or practicality
H - high applicability or practicality
X - does not apply to this phase or applicablity not yet determined

a - task analysis method for human reliability analysis
b - traditional approach to task analysis
c - hierarchical task analysis
d - cognitive task analysis
e - conceptual description of analysis method
f - structured approach to analysis

Worksite/Workstation Analysis

METHOD

Eastman Kodak

Grandjean

EPRI 3659

System Lifetime Phases

DESIGN

M/H

M/M

M/H

BUILD

M/H

M/M

M/H

COMMIT

M/L

M/L

M/L

OPERATE

M/H

M/M

M/M

DECOMM

X

X

X

COMMENT

a

b

c

L - low applicability or practicality
M - moderate applicability or practicality
H - high applicability or practicality
X - does not apply to this phase or applicablity not yet determined

a - a good general approach to worksite and workstation analysis
b - text book - provides the background and theory for design decisions but requires a trained analyst
c - though developed for older designs this approach is primarily for the nuclear power plant - good
methods for assessing and designing plant layout and worksites - control room section not applicable
to newer automated control rooms - developed for use by non human factors analysts.
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7.0 CONCLUSIONS

This review has attempted to identify the major documents useful to the
development of a foundation of human factors sources that can be applied to
the nuclear industry in Canada. The review has been limited in scope
necessarily to provide the most efficient effective survey of applicable human
factors documents. The contacts for the interviews were chosen carefully,
focussing on those individuals who are performing or have performed human
factors analyses in a high technology process industry. The contacts were
mostly senior people now working in universities, national laboratories,
government agencies or human factors consulting companies performing such work
in the high tech processing field. One individual was less senior but is
working, presently, as a human factors engineer in the aerospace design field.
The focus on senior people was to take advantage of their experience. Since
some of these people were engaged in the latest research or were charged with
overseeing developments in the nuclear industry, they were a quick pipeline to
the leading edge of the human factors business within the modern processing
industry.

Guidelines, standards, guides and handbooks can provide a basis for making
human factors design decisions. Ultimately however, the experience of the
analyst is the main determinant of the effectiveness of the decision. The use
of analytical techniques, close monitoring of the design, an ability for
practical thinking, a good understanding for what has worked best in the past,
and an understanding of what may be applicable in the present, all represent
the basic requirements for success in human factors design.

A major weakness with the present review is the lack of input from younger
people working the analyses right there on the shop floor. We regret that we
could not fit a broad-based survey that would capture such data and hope that
in future this can be done. Furthermore, recent developments are moving very
quickly toward transforming the industry a considerable amount. Major
developments in the area of automation, expert systems, new approaches to
maintenance, increased use of robotics and the move to the "glass" control
room will undoubtedly complicate and change the complexion of the analyses to
be used in the future.

Computerized hazards analysts and reliability for software development,
computer aided engineering approaches and an increase of the use of simulation
during the design process all are fast becoming the standard. The complexity
and the evolution toward close-coupled systems of the modern nuclear facility
warrants these approaches out of necessity. No longer can the engineering team
fully understand all of the interconnections, effects and complexities of the
system using conventional methods. Keeping abreast of such developments is no
easy task.
We have discussed some of the above approaches but admit that we ourselves
need to learn more about the use of simulation in design, cognitive approaches
to human reliability analysis, and computer-aided engineering tools for
analyzing aspects of the human factors of a design. The established task
analysis approach, worksite and workstation analysis, systems analysis,
training analysis, evaluation and test approaches, and design review and
evaluation process are still valid. However, new directions in system
requirements and system goals demand a more automated approach.



For example, industry standards should be developed for analytical approaches
such as cognitive task analysis, human reliability analysis (including complex
cognitive tasks), HCI design, development analyses, use of simulation for
design and testing, and cognitive modelling for operator/maintainer
performance. The analyst is faced with an enormous variety of methods and
techniques that are difficult to generalize and therefore apply to specific
programs. This requires that the analyst have a deep understanding of the
theory and application requirements before electing to use a particular
technique. Standardizing and automating the process would be a logical next
step. By providing an analyst with an application matrix, and a user-friendly
system for analysis, the level of training can be kept to a minimum, and the
effectiveness of the analyst can be improved. Still analysts will need to have
human factors backgrounds in order to interpret results and guide design
decisions in a practical manner.

Other technical developments such as the use of multiple VDT display screens
to represent the huge arrays of data involve further considerations in the
planning of advanced control rooms. A process needs to be developed for making
decisions about content, layout, number of display screens, whether windowing
or separate CRTs are required, hierarchical structure of the screens,
interrelationships between screens and data relationships, use of patterns,
and various other strategies to support monitoring and control tasks. The
issues have been discussed by human factors researchers (Bainbridge, 1990) but
a standard approach to analyzing these issues needs to be developed.

The general response from human factors experts is that we still have a long
way to go in both the basic and applied research before standard tools and
analytical approaches can be solidified. Parallel development is possible,
however. We can use the data recovered from analyses of systems being designed
or reconfigured. Some techniques that have some success in other applications
can be applied to a present design, with modification.

Examples of these techniques include:

• cognitive task analysis applied to upgrades of existing nuclear power
plants,

• HCI prototyping techniques performed on other modern control systems,

• Human Reliability Analysis techniques applied to European advanced
control rooms,

• workstation design techniques developed by European human factors
specialists for the nuclear industry.

Issues that require some attention include the effects of "fitness for work",
effects of shift work, and the effects of management attitude and policy on
performance of personnel.



The following areas should be investigated in depth:

• development of a standard cognitive task analysis applicable to the
CANDU environment and other automated nuclear facilities;

• examination of simulation techniques that can be applied to the CANDU
plant design process, testing and training;

• examination of human factors in training;

• development of a HCI analysis approach and prototyping techniques that
can be applied to automated nuclear facilities;

• identification of the unique qualities of the CANDU power plant that
affect human factors issues;

• investigation of present human factors requirements for facilities other
than power plants ;

• investigation of human performance modelling techniques applicable to
all Canadian nuclear facilities;

• investigation of human reliability analysis techniques that include the
identification of root cause and address complex cognitive tasks ;

• identification of the impact of automating nuclear facilities on the
maintenance of the facility and sources of human error;

• investigation of the impact of performance shaping factors such as
company policy, management expectations, personnel fitness for work,

• investigation of computer-aided engineering techniques for human factors
design;

This project provides a look at the thin edge of the wedge. As the field of
human factors evolves in response to the evolution of modern systems the human
factors professional must keep pace. Hence, a final suggestion is to provide
human factors training in the areas outlined above. The training need not
focus on the traditional issues of human factors per se; some review and
rethinking is all that is needed for this. The training should involve experts
in each of the above areas, and be focussed on application to the Canadian
nuclear industry.
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Expert's Survey



Rhodes & Associates Inc.
177 Jenny Wren way. Willowdsle, Ontario, M2H 2Z3 Telephone: (416) 494-2816 Fax: (416) 494-0303

Survey

The following survey contains questions designed to obtain information regarding the
acceptability and usefulness of human factors methods and guideline documents. The responses
indicated on this survey will be used for aggregate data only and the individual's identity will be
kept in complete confidentiality.

Please indicate your area(s) of focus and interest \e.g. design, training, regulation,
evaluation, research, educationl I
1.
2.

i. .„___

4.

Use and Acceptance of the Guideline Document or Human Factors Method.

This survey has been structured to aUow you to simply enter a number into the associated cell,
referring to only those documents and methods you use. The number you are asked to enter is an
indication of your acceptance of the method or document regarding its usefulness in your work.
The scale looks like this:

Always Use Often Use Sometimes Use Rarely Use
1 2 3 4

Please turn to the attached forms and enter a number (from 1 to 4) In the associated cells
for only those documents or methods you use. Note that the columns represent various
applications for the document or method. Indicate the level of use for those applications in which
you use the document or method.

NOTE: THE SURVEY IS NOT COMPLETE!

Spaces have been left at the end of each section. We ask that you indicate those
documents or methods we have missed. Also, we have provided two extra columns for any other
applications you would like to include. If you know of more than space allows, your creativity is
welcomed.

Thankyou for taking the time to help.
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DOCUMENT

A) HANDBOOKS

1. Boff, K.R., Kaufman, 1_, Thomas, J J \ (1986) Handbook
of Perception and Human Performance

2. DOD-HDHK-743A, Anthropométrie Handbook

3. Helander, M. éd. (19U) Handbook of Hamaa Computer
Interaction

4. MrJU-HDBK-759A,Hamin Factors Engineering Guide
for Army Materiel

5. NAVSEA 961 (LP 3013 -1978) Maintainability Design
Criteria Handbook

6. NASA Handbook NHB-3300.4 (IE), Maintainability
Program Requirement» for Space Systema

7. NUREG/ CR-1378, Handbook of Haman Reliability Aaal-
ysis With Emphasis on Nuclear Power Plant Applications
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B) GITDELINES

1. Brown, C. Marin, H-C-I Design Guidelines

2. EPEI-NP-4330 (19M) Human Engineering

Design Guideline! for Maintainability

2. EPKI CS.3743, (1W4) Enhancing Fossil Power

PUat Dcriga, Operation and Mainteaanee: Hanao Fae-

ton GaidcUuee, VOL. t • Proeen and Dcriga Guideline*

3. IEEE-845 (198S) A Proposed Guideline for the aae or

Human Factor* In design and retrofit detign oTNPP.

4. Mayaew, DJ., (1992) Principle* and Guideline» ••

Software Ucer Interface Deiign

5. NVKEG/ CK-4227, Ho man Eagioeering GnideUae* for

the Evaluation and Anemnent of Video Display Unit*

6. NUSEO-0700, Gaideliae* for Control Room Deriga

ZcTiew

7. mntEO 46277 , (1991) Hnmaa Factor* Deiijn Be*iew

Guidelines rorAdranced Nuclear Control Room Tech.

8. NUREG/CP-0113, (1991) Advanced Hora.n-Syrtem

Interface Design Keriew Gnideliaes
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C)STANDARDS

1. MIL-8TD-1472C, Hainan Engineering Design Criteria

for Military Sjfttrm», Equipment and Fadlitiea

2. M1L-STD-1478, Banan Pcrfcnnmnce Aaatytis.

3. NASA-STB-3000, M»n-Sjrtem Integratioa Standard,

Vol. I, II, HI, IV
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2. EPSI NP-3659 (1984) Hamaa Factors Guide IbrNadear
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REFERENCE: ANSl/HFS 100-1988 (1988) American National Standard for Human
Factors Engineering of Visual Display Terminal Workstations.
Santa Monica; Human Factors Society.

SOURCE: Non-profit Institution - Human Factors Society and the

American National Standards Institute

TYPE: Standard for Human Factors of VBT Workstations

OBJECTIVES OF THE DOCUMENT

This document is a standard developed to help designers of office VDT
Workstations. The content contains mandatory requirements set by the U.S.
government, and guidelines suggested for good VDT workstation design. It is
expected that the users of this document are individuals who are experienced and
knowledgeable of human factors principles and methods of analysis and testing.
The document focusses on the physical aspects of VDT design. It does not deal
with software design, work practices or procedures associated with proper
workstation use, nor with the design of alternative input devices (e.g. mice,
joysticks, trackballs, touch screens or light pens).

APPLICATION TO THE NUCLEAR FACILITY

This standard is directly applicable to the nuclear facility. In the U.S. any
computer based system must conform to the standard's mandatory requirements. The
document has sound guidelines based on valid research and empirical data.

ORGANIZATION OF THE DOCUMENT

The document is organized as follows".

FORWARD

Section 1: Purpose

Section 2: Scope

Section 3*. Conformance

Section 4: Cited Standards

Section 5: Working Environment
Illuminance
Glare

- Luminance Balance
Gloss of Equipment Covers and Furniture Surfaces

- Acoustic Noise
Thermal Environment



B5

Section 6: Visual Display
- Resolution
- Percent Raster Modulation and Percent Active Area
- Luminance
- Contrast

Image Contrast Polarity
- Color Usage

Luminance Difference
Blinking
Image Linearity and Stability
Luminance Uniformity
Flicker

- Glare Reduction Effect on Image Quality
Font
Character Height
Character Height-to-Width Ratio
Character Format
Symbol Color Contrast
Stroke Width
Between-Character Spacing
Between-Line Spacing

- Between-Word Spacing
Viewing Distance
Angle of Incidence
Controls

Section 7: Keyboard
Layout
Cursor Control
Keyboard Height and Slope

- Keyboard Placement
Keyboard Surfaces
Key Nomenclature
Keytop Shape and Size
Key Spacing
Key Travel
Key Force
Keying Feedback
Keyboard Profile
Keyboard Stability

Section 8: Furniture
General Principles
Clearances Under Worksurfaces
Ease of Adjustment
Keyboard and Display Support Surfaces
Display Support Surface
Worksurface Width and Depth
Seating
Chair Casters

- Footrests
Accessories
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Section 9: Measurement Techniques
Standard Test Viewing Condition
Display Test Conditions
Display Luminance and Pixel (Spot) Size
Luminance Modulation, Contrast
Uniformity
Color Discriminability Calculation
Symbol Color Legibility Calculation
Symbol Height
Symbol Size Uniformity
Orthoganality

- Geometric Stability (jitter)
Nomenclature Contrast
Flicker
Compressed Seat Height
Seat Reference Point, Seat Angles, Back Height, Seat Depth
Keyboard Height
Keyboard Slope
Key Force

Section 10." Cited References

APPENDIX A: MTFA

APPENDIX B: ANTHROPOMETRIC TABLE

GENERAL COMMENT

This standard can be applied to VDT Workstations in the nuclear facility. It is
limited to the physical aspects and does not address HCI software design. An
designer experienced in human factors will be able to apply these standards to
design or assess existing equipment.
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REFERENCE: Bailey, R.W. (1982) Human Performance Engineering: A Guide for
System Designers. Englewood Cliffs; Prentice-Hall.

SOURCE: Private Publisher

TYPE: Human Factors and Human Performance Guide for Designers of
Computer Systems

OBJECTIVES OF THE DOCUMENT

This book is a guide for designers focussing on human performance and user-system
design and evaluation. The book offers the reader a readable and uncomplicated
discussion of the user's cognitive abilities, the attributes of a system that
affect user performance and the methods used to integrate positive attributes
into the system and to assess and evaluate user performance. As a guide the book
requires that you read the content of each section of interest before making
design decisions. Though there are some guidelines or rules listed at the end of
pertinent sections, the value of this tpv lies in its ability to teach the
principles. Hence, this is not the type of guide that a designer can consult
during design decisions.

APPLICABILITY TO THE NUCLEAR FACILITY

This guide is useful as a primer for the designer of nuclear facilities. It also
is useful to the human factors practitioner in the nuclear industry who must
influence design or evaluate it. The text provides very useful information about
how to assess the user and determines user requirements. It provides a good
foundation for understanding the user-system relationship. The section on methods
includes user needs assessments, survey techniques, statistical analyses and
simple simulation techniques.

The guide applies mainly to computer based systems, though some information may
be useful for understanding diagnostic approaches and analytic techniques such
as task analysis that can be applied elsewhere.

ORGANIZATION OF THE DOCUMENT

The book is organized as follows:

Introduction

1. Psychology and Systems

2. History of Human Performance

THE HUMAN USER

3. Human Limits and Differences

4. Sensing
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6. Cognitive Processing and Performance

7. Perception, Problem Solving and Decision Making

8. Memory

9. Motivation

THE ACTIVITY - BASIC DESIGN

10. Designing for People

11. Basic Design

12. Displays, Controls and Workplace Design

13. Speech Communications

1A. Human/Computer Interface

15. Forms and Screen Design

16. Code Design

THE ACTIVITY - FACILITATOR DESIGN

17. Supporting Human Performance

18. Selection Criteria

19. Printed Instructions

20. Performance Aids

21. Training Development

THE CONTEXT (ENVIRONMENT)

22. Physical and Social Environments

TESTS AND STUDIES

23. Data Collection

24. Performance Testing

25. Conducting Comparison Studies

APPENDICES
REFERENCES
INDEX
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GENERAL COMMENT

Though this text has been developed for the system designer it requires that the
reader have some appreciation for the human-system interface. Hence, the designer
will be hard-pressed to absorb and learn the principles and techniques in this
volume without some dedication or prior experience. However, if the designer is
serious about learning more, or if the reader is a human factors practitioner
this guide will be very useful. Its usefulness is directed more to computer based
systems rather than older control/display board technology. It does not consider
equipment maintenance, facility support or plant layout (in enough detail).
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REFERENCE: Bof£, K.R., Kaufman, L., and Thomas, J.P. (1986) Handbook of
Perception and Human Performance. New York; Wiley & Sons.

SOURCE: Private Publisher (Funded and Produced by the U.S. Department

of Defense)

TYPE: Handbook - Perception and Human Performance - Theoretical

OBJECTIVES OF THE DOCUMENT

This handbook is a source of data on sensory, perceptual and human performance
concepts. It contains highly detailed descriptions of theory and experimental
results. The information in this book is aimed at the experienced, knowledgeable
human factors practitioner or research psychologist. The book uses sources from
experimental research to compile a rich data source useful for human factors
practitioners interested in complex systems.

APPLICABILITY TO THE NUCLEAR FACILITY

This book is a useful source of theory and data that can be applied to the
understanding and design of complex computer based systems. The experienced human
factors practitioner can refer to the data for establishing limits in human
performance or to refer to theory to better understand the guidelines being
applied to the system during design or evaluation. The level of detail and
coverage in the book is admirable.

Each chapter is of high quality and well written. However, any use of the book
requires that whole chapters be read and reread to ensure proper understanding.
The nature of the subject matter is complex. The level of knowledge of the reader
must be more than that of a novice. Some understanding of systems theory and
general psychology will be necessary.

The chapters that apply directly to the control room in particular are those
included in Volume II: Cognitive Processes and Performance. These chapters
provide insight and data that can be used to make decisions about computer based
human-system design.

ORGANIZATION OF THE DOCUMENT

The book is organized into two volumes, 7 sections and 45 chapters. These are as
follows:

VOLUME I: SENSORY PROCESSES AND PERCEPTION

Section i: Theory and Methods

1. Psychophysical Measurement and Theory

2. Strategy and Optimization in Human Information Processing
3. Computer Graphics
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Section ii: Basic Sensory Processes I

4. The Eye as an Optical Instrument

5. Sensitivity to Light
6. Temporal Sensitivity
7. Seeing Spatial Patterns
8. Colorimetry and Color Discrimination
9. Color Appearance
10. Eye Movements

Section iii: Basic Sensory Processes II

11. The Vestibular System
12. Cutaneous Sensitivity
13. Kinesthesia
14. Audition I: Stimulus, Physiology, Thresholds
15. Audition II : Loudness, Pitch, Localization,

Pathology

Section iv: Space and Motion Perception

Aural Distortion,

16. Motion Perception in the Frontal Plane: Sensory Aspects
17. Perceptual Aspects of Motion in the Frontal Plane
18. The Perception of Posture, Self Motion and Visual Vertical
19. Motion in Depth and Visual Acceleration
20 Visual Localization and Eye Movements
21. Space Perception
22. Representation of Motion and Space in Video and Cinematic Displays
23. Binocular Vision
24. Adaptation of Space Perception
25. Intersensory Interactions

VOLUME II : COGNITIVE PROCESSES AND PERFORMANCE

Section v.' Information Processing

26. Auditory Information Processing

27. Speech Perception
28. Visual Information Processing
29. Perceiving Visual Language
30. Motor Control

Section vi: Perceptual Organization and Cognition

31. Tactual Perception
32. Auditory Pattern Recognition
33. The Description and Analysis of Object and Event Perception
34. Spatial Filtering and Visual Form Perception
35. Properties, Parts, and Objects
36. Theoretical Approaches to Perceptual Organization
37. Visual Functions of Mental Imagery
38. Computational Approaches to Vision
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Section viiC Hurriar. Perforna^ce

39. The Effects of Control Dynamics on Performance
40. Monitoring Behaviour and Supervisory Control
41. Workload: An Examination of the Concept
42. Workload Assessment Methodology
43. Vigilance, Monitoring, and Search
44. Changes in Operator Efficiency as a Function of Environmental

Stress, Fatigue, and Circadian Rhythms
45. The Model of the Operator". An Engineering Model of Human Performance

AUTHOR INDEX
CUMULATIVE SUBJECT INDEX

GENERAL COMMENT

This handbook is for the human factors practitioner responsible for tho
evaluation or design of complex systems involving cognitive processes in the
human-system interface (ie. computer based human-system interfaces). A great deal
of interpretation of the data and an expert appreciation of the theory : s
necessary to use this text effectively. It is, however, a valuable reference to». 1
for the practitioner.
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REFERENCE: Brown, C. Marlin (1989). Human Computer Interface Design GuideJines.
Norwood; Ablex.

SOURCE: Private Publisher

TYPE: Guidelines for Human-Computer-Interface (H-C-I) Design

OBJECTIVES OF THE DOCUMENT:

This book is a general guide to developing user friendly human computer
interfaces. It is written in a clear, readable style and provides plenty of
examples. The guidelines provided are to help the software designer develop user
interfaces that are unambiguous, non-intimidating and effective. The goal of the
guidelines is to ensure that the software allow the user to perform tasks easily,
correctly, quickly and efficiently. The book fulfills this promise and provides
complete coverage of all aspects of the user interface. Clear guidance is given
in a succinct manner.

APPLICABILITY TO THE NUCLEAR FACILITY

This set of guidelines is directly applicable to the user interface and its
design for all user based nuclear facility computers. Each guideline is
accompanied by a source for further information on that specific guideline
including research done to support the content.

The only area not covered is the use of multiple windows for viewing more than
one screen simultaneously (to confirm data etc.). The book contains a design
checklist at the back that allows the developer to check the H-C-I design. This
H-C-I guideline would be very useful to the software developer of computers in
the nuclear facility.

ORGANIZATION OF THE TEXT

The book is organized into the following Sections1.

1. General Human-Computer-Interface Concepts

2. Designing Display Formats

3. Effective Wording

4. Color

5. Graphics

6. Dialog Design

7. Data Entry

8. Control and Display Devices

9. Error Messages and On-line Assistance



B14

10. Implementation of Human-Computer Interface Guidelines

11. References

12. Author Index

13. Subject Index

14. Guideline Checklist

GENERAL COMMENT

This book represents one of the better sets of guidelines for H-C-I design. The
book provides some useful tips for the developer of human computer interface
software. It gives a good set of ground rules from which to appreciate the
essential requirements for good usability. These guidelines can be applied
directly to the nuclear facility including control room, maintenance and
fabrication computer systems.
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REFERENCE: Cakir. A., Hart. D. , Stewart, T. (1980) Visual Display
Terminals. New York; Wiley & Sons.

SOURCE: Private Publisher

TYPE: Handbook and Guidelines

OBJECTIVES OF THE DOCUMENT

This text was developed by the authors for the International Research Association
for Newspaper Technology. The purpose of the document was to "provide the
designers, planners and users of computer systems with the most recent ergonomics
knowledge relèvent to the design and selection of VDTs and VDT workplaces". All
guidelines and information are based on research and empirical data considered
valid for the purpose. The book was written to be a practical guide rather than
an academic reference.

APPLICATION TO THE NUCLEAR FACILITY

The content and approach of this handbook is applicable to the design of VDTs,
VDT workstations and the workplace in the office and technical environment.
Checklists are provided for all guidelines. Each section contains background
information, rationale and discussion on the guidelines contained in the text.
Illustrations are numerous and are informative. Tables and figures containing
data to be used for measurement or evaluation purposes are provided.

This handbook is a combination textbook and hands on practical guide. For this
reason it requires some time to extract information. The checklists allow the
experienced practitioner to assess or evaluate a design or existing equipment,
without having to wade through the theory. If the user is a novice, the book
provides excellent preparation for understanding how to apply the guidelines.

The book is over ten years old and hence, does not benefit from recent research
on the design of computer based workstations.

ORGANIZATION OF THE DOCUMENT

This handbook is organized as follows:

Chapter 1: VDT Basics

How a VDT Works

The CRT Display
The Keyboard
Other Considerations
Radiation
The VDT as a System Component
Communication
Terminal Configuration
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Chapter 2; Light, Vision ar;d the Optical Characteristics cf Visual Displays

Light and Vision
Light Emitting vs Illuminated Characters
Glare
Screen Reflections

Chapter 3: Ergonomie Requirements for VDTs

The Visual Display
Display Capacity
Image Stability
Display Format
Display Coding
Enhancement Coding
Cursors
The Keyboard
Typing and Keyboarding
Key and Keyboard Design
Keyboard Layout
Summary of Recommendations

Chapter 4: Ergonomie Requirements for VDT Workplaces

Workplace Ergonomics
Working Environment
Summary of Recommendations

Chapter 5: The Health, Safety and Organizational Aspects of Working with VDTs

Postural Discomfort
Visual Discomfort
Problems Related to Air Conditioning

Psychological Aspects

APPENDIX I: ERGONOMIC CHECKLIST FOR VDTs AND VDT WORPLACES

APPENDIX II: EYE TESTS FOR VDU OPERATORS - A DISCUSSION DOCUMENT

APPENDIX III: BIBLIOGRAPHY

APPENDIX IV: GLOSSARY OF TERMS

GENERAL COMMENT

This document is a good hands-on manual for assessing and evaluating the physical
aspects of existing computer based workstations or for the design of new
equipment. Though the document is somewhat dated most of its guidelines still
apply to the modern workstation.
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REFERENCE: CAN/CSA - Z412-M89 (1989) Office Ergonomics: A National
Standard of Canada. Rexdale; Canadian Standards Association.

SOURCE: Non-profit Institution - Canadian Standards Assoc.

TYPE: Guidelines for Office Ergonomics

OBJECTIVES OF THE DOCUMENT

This standard is a set of guidelines for office ergonomics. The document is to
be used by those who are responsible for setting up the office environment. It
has been written to a wide audience, and technical issues and difficult analytic
approaches have been avoided. The document provides good illustrations and handy
tips about specific features of office and equipment design.

The guidelines are clearly written, informative and provide rationale. A
knowledge of the users and the office environment should be sufficient to allow
the application of these guidelines by most people with some planning experience.

APPLICATION TO THE NUCLEAR FACILITY

These guidelines will be useful for assessment or design of the office
environment in the nuclear facility. Work areas that are designated as office
spaces will benefit from these guidelines. The document contains a section on how
to carry out an ergonomie analysis which is applicable to most office situations.

ORGANIZATION OF THE DOCUMENT

The document is organized as follows:

1. Scope
- General

CSA Guidelines
- Guideline Objective

Structure of This Guideline
- Application of This Guideline

2. Reference Publications

3. Ergonomics in Office Systems
Introduction
Basic Concepts
How Ergonomics is Applied

4. Office Equipment
Introduction and Scope
Basic Concepts
Office Equipment
Recommended Practices
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5. Office Furniture
Introduction and Scope
Basic Concepts
Furniture Requirements

- Recommended Practices

6. The Visual Environment
Introduction and Scope
Basic Concepts

- Legislated Lighting Requirements
Recommended Practices

7. The Acoustical Environment
Introduction and Scope
Basic Concepts

~ Recommended Practices for Enclosed Offices and Meeting Rooms
Recommended Practices for Open Plan Offices and Meeting Rooms

8. The Thermal Environment
Introduction and Scope
Basic Concepts
Thermal Comfort in Offices Systems
Thermal Requirements

- Recommended Practices

9. Air Quality
~ Introduction and Scope

Basic Concepts
Air Quality Requirements

- Recommended Practices

10. Ergonomie Analysis
Introduction and Scope
Basic Concepts
Task Description
Worksite Dimensions
Link Analysis

Potential Problems Checklist

11. Definitions

APPENDIX A: ORGANIZATION OF WORK AND JOB DESIGN

APPENDIX B: RELATIVE HUMIDITY

APPENDIX C: BIBLIOGRAPHY

INDEX
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GENERAL COMMENT

This set of guidelines provides a handy reference and guide to assessing or
guiding the design and layout of an office area. It provides guidelines,
checklists, and approaches to analysis.
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REFERENCE: EPRI NP-2411 Pine, S.M., K.A. Schulz, T.R.Edman, T.G. Hanson
& T.G. Evans (1982) Human Engineering Guide for Enhancing
Nuclear Control Rooms.

SOURCE: Prepared by Honeywell Inc. Technology Strategy Center for
Electric Power Research Institute.

TYPE: Guide

OBJECTIVES FOR DOCUMENT

This document was written to present approaches for enhancing existing nuclear
power plant control rooms by assessing feasibility and potential benefits of
implementing corrective measures. The primary source of data for this guide came
from thorough investigations of four nuclear power plants. The report is also to
be used as a "how-to" guide for plants planning, conducting and implementing
their own review programs. It is meant to provide comprehensive and effective
guidelines for correcting any discrepancies commonly found in nuclear control
rooms.

APPLICABILITY TO NUCLEAR INDUSTRY

This document may be applied to older nuclear power plants which are controlled
by complex annunciator boards as opposed to the more modern CRT interfaces. It
suggests solutions for many design problems in control rooms. It would be a
valuable guide to groups or individuals hoping to modify existing annunciator
type control rooms. However, its usefulness as a guide for newly developed or
planned power plants would be limited. The topics addressed by the authors that
may be applied to most types of facilities include:

Traffic and access
Communications
Documentation
Equipment storage
Emergency equipment
Operating aids
Chairs
Furniture
Floor surface
Rest rooms
Eating
Beverages
Decor
Background music
Control room illumination
Acoustics
Climate
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ORGANIZATION OF GUIDE

This guide is organized into the following sections ".
1. Introduction and summary
2. Control room workspace
3. Control room environment
A. Annunciators
5. Controls
6. Visual displays
7. Labels
8. Panel layout
9. Models, mockups and materials
10. Subject index
Glossary of Terms

GENERAL COMMENTS

This guide is best suited for modifying existing facilities with manual
control-displays. Its use for developing new nuclear power plants is limited.

As a guide it does have some good features. Each section contains a short
summary of important issues relevant to the topic or sub-topic of discussion.
A problem-solution format is utilized to provide examples of control room
improvements. A glossary of terms allows individuals not familiar to the nuclear
industry to use the guide without difficulties. A comprehensive subject index
allows the reader to easily locate any desired topic contained in the document.
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REFERENCE: EPRI NP-3588 (1984) Maintainability Assessment Methods and
Enhancement Strategies for Nuclear and Fossil Fuel Power
Plants. Palo Alto; Electric Power Research Institut P.

SOURCE: Non-profit Institute - Electric Power Research Institute

TYPE: Maintainability Methods Guidelines

OBJECTIVES OF THE DOCUMENT

This document is a refinement of an earlier set of maintainability guidelines
created for the power industry by EPRI in 1982 (EPRI NP2360). The methods
described in this document are aimed primarily at the design of existing p]ant.
The methods are evaluative and suited to assessment rather than as tools to be
employed during the design and development of new facilities. However, the
methods described can be modified to be used for the design of new facilities.

The analyses described include task analysis, structured interview techniques,
surveys for collecting data on maintenance problems and features, a comprehensive
self-review checklist, analytical approaches to maintenance error review and
assessment, and survey techniques for evaluating noise, illumination and
communications.

One of the best features of this document is the fully illustrated
maintainability design checklist. The design criteria are accompanied by
photographs of actual plant equipment and facilities. These illustrations make
clear the application of the design criteria.

APPLICATION TO THE NUCLEAR FACILITY

The methods described in this document have been developed for direct application
to power plants. Tho methods can be applied to nuclear facilities for most cases.
Since these methods were developed for older plant design, they are not
applicable to the new computer based control room. The document's task analysis,
checklist, surveys etc. are not appropriate to the computer-based environment.
Some aspects of the Critical Incident Technique, the Structured Interviews and
Potential Accident-damage Analyses do have application to the modern control
room. On the other hand, there are many newer and more complete methods available
for these kinds of analyses.

ORGANIZATION OF THE DOCUMENT

1. Introduction

2. Maintainability Checklist

3. Structured Interviews

A. Task Analysis

5. Surveys
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6. Critical Incidents and Maintenance Errors or Accidents

7. Potential Accidents/Damage Analysis

8. Maintainability Enhancement

9. Future Research and Activities

REFERENCES

GENERAL COMMENT

This document is dated and provides only partial information that is applicable
to modern plant design. The methods in the document are well defined and useful
to the assessment of older plant design.
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REFERENCE: EPRI NP-3659 (1984) Human Factors Guide for Nuclear Power
Plant Control Room Development. Electric Power Research
Institute.

SOURCE: Non-profit Institute - Electric Power Research Institute

TYPE: Complete Reference Guide for Human Factors of NPP

OBJECTIVES OP THE DOCUMENT:

The document represents the final result of a development process over a number
of years to produce a comprehensive human factors guide for application to
Nuclear Power Plants (NPP). It is a guide for the planning, design, development
and evaluation of NPP control rooms. The guide provides a background for human
factors principles and rationale for these general principles. It contains
extensive checklists for program planning, analyses, control room design,
detailed panel design, displays and controls, alarms, safety and annunciation
systems, and communications systems. The guide describes the approach for
performing function analysis, trade-off studies, task analysis, link analysis,
timeline analysis, behaviour sequence diagrams, and operator action diagrams.

All information is presented in an easy-to-understand format and provides enough
detail to allow the human factors practitioner to perform the analyses, planning
and evaluations effectively. The guide also provides adequate information to
allow project managers, design"engineers and other specialists to appreciate the
importance of the integration of human factors into the design process.

APPLICABILITY TO THE NUCLEAR FACILITY

This guide only applies to the nuclear power plant control room environment. In
fact the document concentrates on the style of NPP found in older U.S. plants.
Much of the data and information on guidelines focus on large panel arrays of
controls and displays, including strip charts, meters, gauges and mimic boards.
There is little discussion or information on computer displayed data or control
formats; nor are there any guidelines on human-computer-interaction design
strategies. The document can provide a good primer for understanding the
fundamental approach to human factors integration into the design of a nuclear
power plant.

ORGANIZATION OF THE TEXT

The document contains the following chapters and sections:

1. Introduction

- Introduction and Summary

- The Human Factors Discipline
- Use of the Guide
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Chapter 1: Plan The Human Factors Program

- The Human Factors Perspective

- Prerequisites
- General Guidelines and Trade-offs
- Specific Guidelines
- Checklist

Chapter 2: Analyze Functions, Systems, and Tasks

- The Human Factors Perspective
- Prerequisites
- General Guidelines and Trade-offs
- Specific Guidelines
- Checklist

Chapter 3: Recommended Control Room Design Features

- The Human Factors Perspective
- Prerequisites
- General Guidelines and Trade-offs
- Specific Guidelines
- Checklist

Chapter 4: Recommended Panel Design Features

- The Human Factors Perspective
- Prerequisites
- General Guidelines and Trade-offs
- Specific Guidelines
- Checklist

Chapter 5: Support Alarm and Annunciator System Design

- The Human Factors Perspective
- Prerequisites
- General Guidelines and Trade-offs
- Specific Guidelines
- Checklist

Chapter 6: Support Display and Control Design Specifications

- The Human Factors Perspective
- Prerequisites
- General Guidelines and Trade-offs
- Specific Guidelines
- Checklist
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8. Chapter 7: Support Communications System Design

- The Human Factors Perspective

- Prerequisites
- General Guidelines and Trade-offs
- Specific Guidelines
- Checklist

9. Appendix A: Brief Review of Human Sensing, Processing, Remembering and
Responding Capabilities

- Sensing Capabilities
- Processing Capabilities
- Remembering Capabilities
- Responding Capabilities

10.

11.

12.

References

Glossary

Index

GENERAL COMMENT

The EPRI NP-3659 guide is one of the best examples of a human factors handbook
designed for the U.S. NPP control rooms. It is comprehensive, clearly written,
and has many useful features such as checklists at the end of each chapter. The
document is, however, not as useful for application to computer-based systems,
such as those found in the CANDU plants. Though some of the background
information and procedures are applicable to any complex control room, the
guidelines and design criteria are too specific to the older style of NPP control
room. Also, application to other systems in a NPP or other nuclear facility would
be limited.
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REFERENCE: EPRI CS-3745 (1984) VOL. 2, Enhancing Fossil Power Plant
Design, Operation and Maintenance! Human Factors Guidelines,
Electric Power Research Institute.

SOURCE: Non-profit Institute - Electric Power Research Institute

TYPE: Complete Reference Guide for Human Factors of Fossil Fuel
Power Plants.

OBJECTIVES OF THE DOCUMENT:

This document is a comprehensive guide for human factors planning, design
integration, design guidelines and criteria, and design rationale. The guide
applies to the whole plant, not just control rooms. It has been developed for
design teams to use to ensure proper integration of human factors principles into
the design. The guide, however, is probably more useful to the human factors
practitioner assigned to the task. The book sets out to acquaint managers and the
design planning team with the rationale for integrating human factors features
into the design. It provides an overall plan for the process of integration of
human factors, and recommends that this process begin at the earliest stages in
the development of the plant.

APPLICABILITY TO THE NUCLEAR FACILITY

Though this document is designed for fossil fuel power plants, it does have
application to the nuclear facility. However, as is the case with most human
factors guidelines produced in the early to mid eighties, the document does not
consider computer-based systems. The process for ensuring that human factors
principles are considered when making design decisions is well defined in this
document. This human factors integration process is universal to all complex
plants. The planning, analyses, procedures, and general design guidelines apply
to all nuclear facilities. Honeywell, the book's creator, has gone to great
lengths to include all aspects of human factors.

ORGANIZATION OF THE TEXT

The text is organized in the following manner:

1. PROCESS GUIDELINES

- Define Plant Requirements and Constraints

- Develop Functional Requirements

2. DESIGN GUIDELINES

- Support Detail Design

- Workplace Design Data
- Equipment Design Data
- Equipment Design Applications
- Human Interface Design Applications

3. PERSONNEL SUBSYSTEX DESIGN DATA
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4. PERSONNEL SUBSYSTEM DESIGN APPLICATIONS

5. GLOSSARY

GENERAL COMMENT

This guide contains human factors guidelines and planning information that is
directly applicable to the general design of a plant. There are many areas
covered over and above the standard areas contained in most guides such as:
maintainability issues and criteria; health and safety issues; personnel
training; plant facilities including restrooms, lunchrooms, repair shops, machine
shops etc.; applications within the plant setting such as steam generation,
turbines , pumps, valves etc. A weakness in the document is some reduction in
detail resulting from its wide scope.
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REFERENCE: EPRI NP-4350 (1985) Human Engineering Design Guidelines for
Maintainability, Electric Power Research Institute

SOURCE: Non-profit Institute - Electric Power Research Institute

TYPE: Design Guidelines for Maintainability

OBJECTIVES OF THE DOCUMENT

This set of guidelines is directed at the incorporation of maintainability
features into the overall design of the power plant, including shop areas, plar.t
layout, and plant equipment. The large scope of the document limits the amoui.t
of detail that can be afforded to actual equipment (e.g. the disassembly/
reassembly of pumps, valves, motors etc.). Access to these items is discussed arid
care in planning the location, orientation and mounting strategies is covered.
However, the treatment of the actual mounting hardware, the diagnostics (built-
in-test, diagnostic routines), and the checkout procedures is helpful but
incomplete because of its generality.

APPLICABILITY TO THE NUCLEAR FACILITY

The document can be applied to all types of nuclear facilities. The guideline.1'
refer to all areas of a plant, including control rooms, maintenance areas and
equipment areas. The guidelines cover fault diagnosis, test equipment and other
maintenance equipment. They do not cover computer-based diagnostic features 01
capability. The use of computer systems to perform fault diagnosis and checkout
is relatively new to the U.S. power industry. Hence, little information exists
on the subject, within the guidelines/guidance support structure developed by
EPRI and the Nuclear Regulatory Commission during the early to mid eighties.

ORGANIZATION OF THE TEXT

The document is organized into these sections:

1. Introduction and Background

- Objectives of the guide
- Historical background
- Guide development methodology
- Guide scope limitations
- How to use this guide

2. Integration of Maintainability Considerations in Power Plant Design
- Introduction
- Organizational considerations
- Analytical Techniques
- Cost-benefit decisions

3. Maintainability Design Verification
- Introduction
- Design verification approaches
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A. Plant Design Factors
- Introduction
- Plant design guidance
- Implementation guidance
- Design review checklist

5. Workshop Design
- Introduction
- Size of clean workshops
- Ingress-egress provisions
- Lift movement aids
- Storage
- Workbenches
- Laydown
- Habitability and environmental control
- Office and administrative spaces
- Hot workshops
- Workshop arrangement
- Implementation guide
- Design review checklist

6. Hazards and Protection Aspects of Facility Design
- Introduction
- Protection from fallig or slipping
- Prevent collisions
- Facility exits
- Fire protection
- Implementation guidance
- Design review checklist

7. Environmental factors
- Introduction
- Heat stress and discomfort
- Cold stress and discomfort
- Noise Exposure
- Illumination
- Design Review Checklist

8. Movement of people and equipment
- Introduction
- Design recommendations for elevators
- Cranes
- Hoists and other rigging devices
- Platforms, catwalks and scaffolding
- Load transfer vehicles
- Stairs, ladders and ramps
- Implementation guidance
- Design review checklist
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9. Maintenance Communications
- Introduction
- Paging and announcement systems guidance
- Two-way communication systems design guidance
- Component design guidance
- Implementation guidance
- Design review checklist

10. Equipment and system maintainability
- Introduction
- Design recommendations for system and equipment maintainability
- Implementation guide
- Design review checklist

11. Preventive and Predictive Maintenance
- Introduction
- Servicing and adjustment design guidance
- Design guidance for monitoring systems
- Implementation guide
- Design review checklist

12. Hazards and Protection Aspects of Equipment Design
- Introduction
- Equipment protection guidelines
- Physical contact protection
- Electrical safety guidelines
- Implementation guidelines
- Design review checklist

13. Technical Manuals and Procedures
- Introduction
- Recommendations for presenting procedural instructions in

technical manuals and procedures
- Recommendations for graphics in technical manuals and procedures
- Recommendations for field use of technical manuals and procedures
- Implementation guidance
- Design review checklist

14. Labeling and Coding
- Introduction
- Labeling Design Guidance
- Color coding design guidance
- Implementation guidance
- Design review checklist

15. Tools, Stores, and Test Equipment
- Introduction
- Design recommendations for tools
- Design recommendations for stores
- Design recommendations for test equipment
- Implementation guidance
- Design review checklist
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APPENDIX A Human Factors Maintainability Program Plan Requirements
1. Introduction
2. HFMPP Introduction
3. Applicable Documents
4. Human Factors Analystic and Other Predesign Tasks
5. Human Factors Design Support
6. Human Factors Support During Construction and

Preoperational Activities
7. Final Acceptance Walk-throughs and tests
8. Maintenance Information
9. Personnel and Training Requirements
10. Maintenance Enhancement and Operational Feedback
11. Program Documentation
12. Human Factors Organization
13. Subcontractor Efforts and HF Program Coordination
14. Program Milestones

APPENDIX B Anthropometries and Human Strength
1. Introduction
2. Body Dimensions
3. Strength
4. Body Flexibility
5. Work Space and Accessibility

References
Index
Glossary
Verb List for Maintenance Activities

GENERAL COMMENT

This document, like all EPRI guides and guideline documents, contains good
practical hands-on information for application to the nuclear plant. The document
contains the obligatory checklists that are comprehensive, a profusion of
examples and illustrations to make the point clear, and attention to detail. This
EPRI document has all of these attributes that are characteristic of the EPRI
documents.
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REFERENCE : Gilmore, W.E. & D.I. Gertman, K.S. Blackman (1989) User-
Computer Interface in Process Control ' A Human Factors
Engineering Handbook

SOURCE : Academic Press, Toronto

TYPE : Handbook

OBJECTIVES FOR DOCUMENT :

This text is written by the same authors who prepared NUREG/CR-4227 in 1985. The
material in that technical report has been used by numerous practitioners in the
nuclear industry for design and evaluation of user-computer interfaces. This
text was written to present more recent information regarding human-computer
interfaces. As well, it integrates and provides in a single source, essential
human factors guidelines for visual display use and design in process control
applications.

APPLICABILITY TO NUCLEAR INDUSTRY :

Modern nuclear reactors rely to a great extent on the video display unit to
interface between the control system and the operator. The opening pages of the
book show the great contrast between the process control rooms in old and modern
operations. Human factors variables are important in highly automated
installations, where the operator periodically, monitors system states, executes
system checks or reacts to an emergency situation. This handbook allows a
practitioner to systematically evaluate the crucial variables in human-computer
interfaces to develop recommendations for improvement in design.

ORGANIZATION OF REVIEW :

This review is organized into the following sections :

I. INTRODUCTION

II. HUMAN FACTORS IN SYSTEMS DEVELOPMENT
Systems Development in Design : Basic Concepts
The Need for a Systematic Approach : Benefits and Limitations

III. HUMAN FACTORS GUIDELINES AS APPLIED TO VISUAL DISPLAY UNITS
On Standards vs. Guidelines

The process of guidelines selection
Tailoring/adapting guidelines for specific applications
Making guidelines effective

VDU Description
Assumptions

IV. ORGANIZATION OF GUIDELINES
Overview
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Strategy of Selecting the Guideline Variables
Method of Presentation

V. VIDEO DISPLAYS
Hardware Aspects
Screen Structures and Output
Characteristics of Alphanumeric Characters
Screen Organization and Layout
Visual Coding Dimensions
Enhancement Coding Dimensions
Dynamic Display
Information Formats

VI. CONTROLS AND INPUT DEVICES
Keyboard Layout
Alternate Input Devices

VII. CONTROL/DISPLAY INTEGRATION
User Dialogue
System Feedback
Software Security

VIII WORKPLACE LAYOUT
Anthropometries
Environmental Factors

IX. BENEFITS FROM A HUXAN FACTORS ASSESSMENT AND CORRESPONDING METHODS OF
EVALUATION
Checklists
Multidimensional Rating Scales (MRS)
Performance Measurement

X. CONCLUSIONS AND SUMMARY
Lessons and Observations from the Past

Lessons and Observations for the Future Interface Design

REFERENCES

APPENDIX A Essential User-Computer Guidelires

INDEX

GENERAL COMMENTS :

This book well written and organized. It contains a detailed index, table of
contents, and has a listing of abbreviations at the front of the book.
Guidelines are presented in a clear and concise format with many useful
illustrations. These guidelines are summarized in a detailed checklist at the
end of the book.
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Some of the guidelines are contradictory. This is no fault of the authors'
abilities to present correct information. This contradiction is simply the state
of knowledge in the field. New models and theories are being proposed
constantly, neither being right nor wrong. It is up to the user of this text,
the human factors specialist or systems design engineer, to decide which
parameters of human behaviour are to be represented and which guideline is most
suitable for the situation in question.

Some guidelines are supported by formal empirical research, others are the result
of long-standing conventions alone.

This handbook is a valuable reference document. It can be used for systematic
evaluation of human-computer interfaces, or as a quick reference for facts and
recommendations on a wide range of topics related to this field.
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REFERENCE: Hellander, M. éd. (1988) Handbook of Human-Computer Interaction.
Amsterdam; North Holland.

SOURCE: Private Publisher

TYPE: Handbook for Human-Computer-Interface (HCI) Design

OBJECTIVES OF THE DOCUMENT

This document is a collection of papers covering various topics related to Human-
Computer- Interface Design. The format of the text is similar to other handbooks
that incorporate sections written by different authors (e.g. Salvendy's Handbook
of Human Factors and the Handbook of Perception and Human Performance by Boff et
al.). The papers in this text deal with a wide range of topics that include most
of the research, practices, guidelines, methods and theory useful to
understanding and working with HCI design.

APPLICABILITY TO NUCLEAR THE FACILITY

This document covers such a wide range of material there are no doubt various
sections that apply to the nuclear facility's computer system design. Most of the
sections in the book deal with various levels of application from simple to
complex and from real time control to automated systems. The major strength of
the document for application to nuclear facilities is that much of the research
and theory discussed by the many authors in the book is based in related
industries or in the nuclear field itself. Sections on Artificial Intelligence,
rapid prototyping and cognitive engineering are most applicable given the
direction in which the nuclear industry is moving.

ORGANIZATION OF THE DOCUMENT

Section I: Models and Theories of Human-Computer-Interaction

1. Cognitive Systems Engineering

2. Mental Models in Human-Computer-Interaction
3. Interface Metaphors and User Interface Design
4. Five Paradigms in the Psychology of Programming
5. Software Comprehension
6. Direct Manipulation
7. Towards a Practical GOMS Model Methodology for User Interface Design
8. Task Allocation and Supervisory Control
9. Information Technology and Work

Section II: User Interface Design

10. Design of Menus
11. Command Names
12. Query Languages
13. Using Natural Language Interfaces
14. Systems Design for Automated Speech Recognition
15. Applying Speech Synthesis to User Interfaces
16. Online Aiding for Human-Computer Interfaces
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17. Graphic Challenges in Designing Object-oriented User Interfaces
18. Screen Design
19. Taking Fanes: Issues in the Design of Windowing Systems
20. Image Quality
21. Keys and Keyboards
22. Input Devices
23. Workstation Design

Section III: Individual Differences and Training

24. Individual Differences in Human-Computer Interaction
25. From Novice to Expert
26. microcomputers and the Elderly
27. Computer-Based Instruction
28. Issues of Content and Presentation in Document Design

Section IV: Applications of Computer Technology

29. Text Editors
30. Textual Information Retrieval
31. Cognitive Aspects of Computer Aided Design
32. Human-Computer Interaction in Architectural Design
33. Human-Computer Interaction in Facilities Layout
34. Robot Programming

Section V: Tools for Design and Evaluation

35. How to Design Usable Systems
36. Usability Engineering: Our Experience and Evolution
37. Software Tools for User Interface Development
38. A Task Analytic Approach to Dialogue Design
39. Rapid Prototyping for User Interface Design
40. Standards Versus Guidelines for Designing User Interface Software
41. Software Evaluation Methodologies
42. Research Methods in Human-Computer Interaction

Section VI: Artificial Intelligence

43. Human Factors Issues in Expert Systems
44. Natural Language Interface Systems
45. Human Factors in Knowledge Acquisition
46. Intelligent Interface Design
47. Decision Support Systems: Designing to Extend the Cognitive Limits

Section VII: Psychological Organization Issues

48. Social Aspects of Computer Use
49. Information Technology and Work Organization
50. Socio-Issues Related to Home-Based Work
51. Factors Influencing Acceptance of Computer-Based Innovations
52. Technological Innovation and Organizational Ecology



B38

Author Index
Subject. Index

GENERAL COMMENT

This handbook is a highly regarded text within the HCI community. The book
contains papers by many of the foremost people in the Human Factors Engineering
and the Cognitive Sciences areas. The coverage is admirable and the papers are
of high quality. The major drawback is a lack of actual hands-on practical data
and examples that would help the designer to interpret some very detailed
information. The book also lacks a consolidated, consistent approach, as is to
be expected from a book that is mainly a compilation of papers. This makes the
book less accessible and effective for the designer who needs quick, easy-to-
access information. Though the editor states that the text is directed at systems
managers and executives, I do not think that they would wade through the very
detailed information contained in the volume (however, if the executive has a
degree in human factors, there might be some interest).

The text is a definite must for the human factors expert charged with the job of
evaluating or contributing to the design of human-computer-interfaces. On the
other hand the software designer or hardware designer will be less interested.
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REFERENCE: Invergard, T. (1989) Handbook of Control Room Design and
Ergonomics. London; Taylor and Francis.

SOURCE: Private Publisher

TYPE: Handbook and Guidelines for Control Room Design and Ergonomics

OBJECTIVE OF THE DOCUMENT

This book has been written for the experienced human factors practitioner. It is
designed to provide theoretical and practical background information and
guidelines for control room design. The technical content requires that the
reader have a solid background in human factors as applied to high tech systems.

The book's treatment of cognitive processes and operator behaviour is excellent.
It allows the practitioner to identify those areas most important in the design
of computer based control systems. Similarly discussions on systems analysis,
operator abilities and limitations help direct the practitioner's attention to
the most important concerns of control room design.

Chapters on displays, controls, environmental and overall control room design
provide basic information. Also, some discussion of analytical approaches to
determining the best strategies for the design of new systems or evaluation of
existing equipment is contained in each chapter. The book is full of helpful
hints and practical guidelines on all aspects of the design of control rooms.

As indicated by the title this handbook is dedicated to control room design,
particularly for modern control rooms.

ORGANIZATION OF THE DOCUMENT

This handbook has the following organization:

1. Introduction: Work in Control Rooms

2. Xodels in Process Control

General Models
Kan-machine Models
Models of Complex Man-machine Systems
Recommendations for Principles in the Design of Control Rooms

3. Design Of Information Devices
Introduction
Traditional Information Displays
Visual Display Units

- Instructions, Forms, Tables, and Codes
Using Colour
Speech Generation and Recognition

4. Design of Controls
Introduction
Functional Aspects of Controls
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- Anatomical and Anthropometrical Aspects of Control Design
- Controls for Communication with Computers

5. Control Room Layout and Design
Introduction
Principles for Positioning of Equipment and Furniture in the Control
Room
Planning of Information, Control and Other Working Surfaces
Supporting Surfaces
Examples of Control Room Design in a Process Industry
Case Study - Design of a Ship's Control Room

6. Environmental Factors in the Control Room
Introduction
Thermal Climate
Lighting Conditions

- Acoustic Xoise

7. System Design - An Overview
Introduction
Design of New Systems

- A Holistic View of Planning
Organization of the Design Process
Alternative Forms of Automation

8. The Operator's Abilities and Limitations
Introduction
Sense Organs and Perception
Job Skills

- Perception and Simple Decisions
- Overloading and Underloading

Education and Training
- Xotor Functions

9. Conclusions and Recommendations in Summary
Man as a Component
Business Concepts and Systems Development
Some Recommendations in Summary
A Final Word

Bibliography
Index

GENERAL COMMENT

This handbook is an excellent guide for the practitioner whose job it is to
evaluate or help design modern high tech. control rooms. The book provides a good
foundation for human factors decision making and design integration. The
guidelines are practical and well defined. Though a practitioner will have to
refer to other sources for some human factors data (a good practice as a matter
of course), this handbook is a good starting point.



B41

REFERENCE: Mayhew, D. (1992) Principles and Guidelines in Software User
Interface Design. Englewood Cliffs; Prentice-Hall.

SOURCE: Private Publisher

TYPE: Guidelines for Human-Computer-Interface (H-C-I) Design

OBJECTIVES OF THE DOCUMENT:

This reference text does an excellent job of providing easy to use, useful
guidelines for the practitioner while also providing easy to read theory and
rationale for each of the guidelines. The theory and the guidelines are separated
within each section, allowing the practitioner to go to each guideline as it is
required during the design process. The author has structured the book so that
it promotes a top down systems approach. Each section is organized in order of
the design steps typical of effective software development.

The book offers a single source for both the theory and the practical application
of that theory to the software developer's task. As well it can assist the human
factors practitioner reviewing or guiding the software development. The clarity
of presentation of the material is an extra bonus that makes this set of
guidelines a cut above the rest.

The focus of this guideline is on the user and user requirements. A useful
approach to determining user needs is presented. The key to the approach is the
establishment of complete knowledge of who the user is (e.g. expert/novice;
frequent user/occasional user), what the user expects from the interface (e.g.
logic of the layout; similarity to other products used in the past), what the
user will do with the system (e.g functions needed and job tasks performed) and
the tools employed by the user (e.g. software tools; input/output devices). A set
of guidelines defining how to assess user needs is provided.

The relevant research that supports each guideline is given. The guidelines are
accompanied by plenty of examples and illustrations. The layout and presentation
of the information is top notch.

APPLICABILITY TO THE NUCLEAR FACILITY

The book is complete, covering all aspects of software interface design. It is
up to date and includes many recent advances in H-C-I design. Hence, the text is
directly applicable to the design of H-C-I for nuclear facilities.

ORGANIZATION OF THE TEXT

The book is organized in the following manner:

1. Introduction

2. The User Profile

3. Conceptual Kodels
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4. Dialog Styles: Xenus

5. Dialog Styles: Fill-in Forms

6. Dialog Styles: Question and Answer

7. Dialog Styles: Command Languages

8. Dialog Styles: Function Keys

9. Dialog Styles: Direct Manipulation

10. Dialog Styles: Natural Language

11. Dialog Styles: Summary

12. Input and Output Devices

13. Organization of Functionality

14. Screen Layout and Design

15. Réponse Time

16. Error Handling

17. User Documentation

18. Design Xethods

19. Recommended Reading

GENERAL COMMENT

Mayhew's book is the best complete H-C-I design reference to date. It both
teaches the principles and provides the guidelines in a practical, way.



B43

REFERENCE: Meister, D. (1985) Behavioral Analysis and Measurement
Methods. New York; Wiley and Sons.

SOURCE: Private Publisher

TYPE: General Reference to Human Factors Methods

OBJECTIVES OF THE DOCUMENT

This text is a recognized source for information on human factors behavioural
analysis methods. The book is the complement for previous books by Meister: Human
Factors: Theory and Practice; and Behavioral Research and Government Policy. The
purpose of the text is to provide a practical guide for the human factors
researcher. The results of research conducted using these methods wi]] be
directly applicable to the design and evaluation of systems. Meister describes
each method by providing information on specific attributes of the method:

Definition and Purpose
Development and Changes in the Method
Assumptions Underlying the Method
Input Data Required by the Method
Procedure for Utilization
Analysis of the Data
Method's Relationship to Other Methods
Advantages, Disadvantages, and Problems
Relevant Research Performed
Additional Research Required

APPLICABILITY TO THE NUCLEAR FACILITY

The methods described in this text are all relevant and applicable to the study
of nuclear facilities. Some are more useful, however, to the study of specific
plants or facilities. For example, the use of simulation is more useful to the
evaluation of human performance in the power plant control room setting, where
intrusive methods during operation are prohibited. The use of video taped records
and direct observation to capture task data during operational situations is
useful for all settings.

The application of these methods will require careful thought as to the time and
resources required, and the criticality of the object under study. Many of the
methods described in this text are thorough and detailed. Hence, if time is short
and resources in terms of personnel and equipment are limited, then the use of
some methods may be impractical. On the other hand if the object of study is a
control room and safety is a high priority, the use of many of the methods
described in Meister will apply.
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ORGANIZATION OF THE DOCUMENT

The book is organized as follows:

1. The Structure of Analysis and Measurement

- Definitions
- How Behavioral Methods Were Developed

Methodology as a Tool

2. Function/Task Analysis

- Analytic Methods in System Development
- An Overview of Function/Task Analysis
- Mission Analysis

Determination of Functions
- Function Allocation

Task Description/Identification
Task Analysis Variations

- Behavioral Taxonomies
Commentary

3. Design-Aiding Techniques
Time and Motion Methods
Functional Flow Diagrams
Decision/Action Diagrams
Time Line Analysis
Design Option Decision Tree
Operational Sequence Diagrams
Link Analysis
Skill Analysis Flow Diagrams
Workload Analysis
Workload Assessment
Commentary

4. Computerized Methods
Automated Methods
Mathematical Models of Human Performance
Types of Models
Digital Simulation Models
SAINT
The Human Operator Simulator
HOPROC

- Cognitive Models
Commentary

5. Human Reliability Analysis and Prediction
Defeinitions
The Importance of Human Reliability
Historical Review
Human Reliability Methodologies
Procedures for Applying THERP
Theoretical Assumptions
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- Human Reliability Studies
Error Analysis
Error Data Collection
Databases
HR Critiques

- Commentary

6. Training Analysis
Analyze Job
Select Tasks for Training
Construct Performance Measures
Analyze Existing Courses
Select Instructional Settings
Develop Objectives
Develop Tests
Describe Entry Behavior
Determine Sequence and Structure
: Specify Learning Events and Activities
: Specify Instruction Methods
: Review/Select Existing Materials
: Develop Instruction
: Validate Instruction
Implement Instruction Management Plan
Conduct Instruction

Conduct Internal Evaluation
Conduct External Evaluation

Block V.3: Revise System
Commentary

7. Evaluation of the Man-Machine Interface
Standards
Static Evaluation Techniques
Performance Evaluation Methods
Commentary

8. Evaluation of the Man-Machine System
Planning and Conductiong the Operational Test

- Special Problems in Performance Measurement: Maintenance
System Effectiveness Measurement
Problem Investigation
Evaluation of Training Systems and Devices
Commentary

9. Subjective and Objective Methods
Subjective Measurement Techniques
Direct Observation
Scaling Techniques
Rating Methods
Objective Measures
Commentary

Block
Block
Block
Block
Block
Block
Block
Block
Block
Block
Block
Block
Block
Block
Block
Block
Block
Block

I.I:
1.2:
1.3:
1.4:
1.5:
II.1:
II.2:
II.3:
II.4:
ill.l
III.2
III.3
III.4
III.5
IV. l:
IV.2:
V.I:
v.2:
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10. Self-Report Techniques
The Interview
The Questionnaire
The Survey
Commentary

11. Application Techniques
Critical Incidents
CI Procedural Steps
Job Analysis
Discussion
Delphi
Policy Capturing
Accident Investigations
Work Sample Tests
Behavioral Instrumentation
Commentary

12. Statistical Techniques
General Approaches to System Research
Design Alternatives
Empirical Model Building
Central Composite Designs
Central Composite Designs in Behavioral Research
Sequential Design Features
A Paradigm for Multifactor Studies
Additional Problems
Comemntary

13. Methodological Practices and Research Recommendations
Research Support
Lack of Feedback
One Empirical Study
Research Recommendations

GLOSSARY OF ABBREVIATIONS
INDEX

GENERAL COMMENT

This text requires an appreciation for the subject of human factors research but
does not require a background in the behavioural sciences. Some understanding of
the systems approach to design and some basic concepts in psychology will of
course improve the reader's grasp of the concepts in this book. However, the text
is thoughtfully laid out, the wording straight forward, the descriptions of the
methods are complete and the examples well chosen. Some sections contain a large
number of acronyms and can slow down the reader's progress, but in every case the
author defines the acronym when it is first used.
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The methods described in the text are used in human factors research and
development programs of all types. Xost of the methods described have a large
number of followers. None are particularly unique approaches, many sharing
similar attributes and goals. Hence, adopting these methods is a reasonably safe
bet, though the researcher using these methods will find that success will
increase with experience. The analysis of human behaviour, especially in a
complex working environment, demands that the analyst have developed skills and
knowledge. These skills and knowledge will be necessary to carry out most of the
methods described by Keister.
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REFERENCE: Meister, D. (1971) Human Factors: Theory and Practice. New
York; Wiley & Sons.

SOURCE: Private Publisher

TYPE: General Guide to Human Factors and Systems Design

OBJECTIVES OF THE DOCUMENT

The author has set out to provide a practical guide for the human factors
practitioner that also contains the necessary theoretical basis for the methods
described. The book is written from a purely systems point of view. The book
describes the system design process and the role of the human factors specialist
in this process. It provides step by step descriptions on how to carry out
analyses and evaluations. The text discusses the history, basis and usefulness
of human factors in systems design.

APPLICABILITY TO THE NUCLEAR FACILITY

The application of the methods described in the book requires that the
practitioner be able to tailor the procedures to their own program and system.
Many of the methods are thorough and comprehensive, and therefore time-consuming
and expensive to apply. Though the adoption of the method as described is
necessary on large, complex military and aerospace systems, less elaborate
systems may require a scaled down version. For control rooms some methods may
have to be adapted for this specialized condition. Particularly, task analysis
as described by Meister must be modified to include cognitive tasks if it is to
be applied to a computer-based system.

ORGANIZATION OF THE DOCUMENT

The document is organized as follows:

I. Human Factors and the Man-Machine Concept

II. Human Error and Human Factors

III. Methods of Performing Human Factors Analyses

IV. Human Factors Research

V. Human Factors In Predesign

VI. Human Factors in Detail Design

VII. The Engineer and Human Factors

VIII. The Procurement of Human Factors Research

IX. H Group Organization

X. The Status of H Theory, Practice and Research
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INDEX

GENERAL COMMENT

This text is a classic reference book in human factors, particularly in the area
of systems design. The book is recognized by human factors practitioners as a
useful guide to human factors in the system design process. The methods described
are proven and tested by numerous practitioners. Many of these methods have been
modified and tailored to particular applications. Practical advice and insight
are value added items in this guide.
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REFERENCE: MIL-HDBK-743A (1991) Military Handbook for Anthropometry of
V.S. Military Personnel. U.S. Department of Defense.

SOURCE: Government - U.S. Department of Defense

TYPE: Handbook of Anthropometry

OBJECTIVES OF THE DOCUMENT

This handbook was developed by the U.S. Department of Defense over the past 35
years. This document is the single most comprehensive and up to date source of
anthropométrie data of the American (U.S. military personnel) population. The
data is limited to structural dimensions only. N'o functional anthropometry is
included. The handbook provides data on thousands of personnel, the latest
including U.S. Army data on personnel collected in 1988 that included 132 body
dimensions for 5499 men and 3485 women. This effort is unmatched by any other
American survey.

The handbook offers detailed explanations of how the measurements were taken
illustrating the landmarks on line drawings; tables that show each dimension for
various descriptive statistics, and 1st, 2nd, 5th, 10th, 25th, 50th, 75th, 90th,
95th, 98th and 99th percentiles. The document also contains a list of all
documents referenced, sources of the data, definitions, and a section on the
statistics given in the tables.

APPLICABILITY TO THE NUCLEAR FACILITY

The document can be applied to the population using nuclear facilities in Canada,
with the qualification that the Canadian population varies measurably from the
U.S. military population. This difference is due to the fact that the Canadian
population contains a different mix of ethnic groups than those in the United
States' population. However, no comparable data exists for the Canadian
population. The data that is available on Canadian populations does not consist
of the range of dimensions found in the XIL-HDBK.-743A. Also, no Canadian data
exists on a sample as large as the U.S. studies. The existing Canadian data that
represents the best coverage of dimensions is based on samples of only a few
hundred.

The handbook is useful for a reference to determine reach distances, clearances,
and other linear measurements to aid in assessing the human equipment interface
during the design process or evaluation of existing equipment.

ORGANIZATION OF THE DOCUMENT

1.0 Introduction

2.0 Sources of Anthropométrie Data

3.0 Referenced Documents

4.0 The Anthropométrie Data
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5.0 Definitions

6.0 Statistics

7.0 Tables of Anthropométrie Data

APPENDIX A: LISTING OF BODY MEASUREMENTS BY TYPE OF MEASUREMENT

APPENDIX B: TERMINOLOGY FOR BODY MEASUREMENTS

INDEX OF BODY MEASUREMENTS

GENERAL COMMENT

This handbook is the best compilation of anthropométrie data available. Until a
complete comprehensive study of Canadian populations can be undertaken, the U.S.
data should be used.
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REFERENCE: MIL-HDBK-759A NOTICE 2 (1987) Human Factors Engineering Design
for Army Materiel. Department of Defense

SOURCE: Government - U.S. Department of Defense

TYPE: General Handbook and Guidelines for Human Factors Engineering

OBJECTIVES OF THE DOCUMENT:

This document was developed by the U.S. Army Human Engineering Laboratory's MICOM
Detachment to provide a complete handbook containing guidelines and their
rationale, for human factors engineering principles. The book, however, does not
contain methods of analysis or theoretical background. The document is intended
to be used as a guideline reference, though is not to be called up in its
entirety as specifications on programs. Only specific criteria can be referenced.
Hence, this document does not carry the contractual weight that MIL-STD-1472D
(Human Engineering Design Criteria for Military Systems., Equipment and
Facilities) does on military programs.

The document does present a full set of criteria and useful rationale. Since
rationale is provided, the document is much more useful for guidance than MIL-
STD-1472D. Most of what is specified in MIL-STD-1472D is also contained in MIL-
HDBK-759A. The handbook could, however, use more illustrations to more clearly
describe the criteria. Though the book provides hundreds of tables and figures,
some criteria do not receive the illustrative support required.

APPLICABILITY TO THE NUCLEAR FACILITY

The handbook's scope includes equipment design, facility design and layout and
environmental criteria for various types of operations. As a source for most
criteria, and guidelines for rationale of this criteria, this book can be applied
directly to most parts of the plant, including control rooms, plant operations,
maintenance facilities and office areas. Sections such as those on radiation,
noxious substances, chemical hazards etc. are directly relevant to the nuclear
facility.

The chapter on maintenance is particularly useful for application to the nuclear
facility. The criteria is more appropriate to the nuclear facility than the
maintainability criteria described in NAVSHIPS 967-312-8010, a U.S. Navy document
that is a maintainability guide for designers of shipboard electronic equipment.
On the other hand, the section on Personnel Computer Interface is very general
and incomplete, not addressing many aspects of the modern user-computer
interface.

The information in the handbook is complete enough to allow non-human factors
specialists to apply most of the design criteria. However, some theoretical
background would allow the user to better interpret all design criteria in the
book.
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ORGANIZATION OF THE DOCUMENT

The handbook is organized as follows:

1. Controls, Displays and Consoles
Controls
Displays

- Consoles

2. Dimensional Workspace
Workspace
Anthropometry
Body Movement

- Human Strength
Workstation Entrance and Exit
Stairs, Ladders and Ramps
Walkway and Passages
Doors

- Escape Hatches
Platforms
Guardrails and Handrails
Seated Workspace

- Standing Workspace
Mobile Workspace

- Common Workspace

3. Environment
Environmental Factors
Hot Environment

- Cold Environment
Vehicle Design Thermal Considerations
Illumination

- Acoustical Noise
Noxious Substances
Protection Against Chemical Warfare Agents
Radiation
Dust
Mud and Water
Vibration

4. Labels, Colors and Marking
Labels, Legends, Placards, Signs and Marking
Colors and Marking

5. Maintenance
Maintainability
Stowage
Effects of Climate on Maintenance Personnel
Tools
Accessibility/Maintainability

- Workspace Requirements
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General Access Requirements
- Access

Connectors
- Covers, Cases and Shields
- Fasteners

Equipment Units Checklist
Handles
Drawers and Racks for Equipment Units
Handling Equipment
Lines and Cables
Cabling and Connectors Checklist
Mounting and Packaging
Replaceable Units
Location of Individual Components
Test and Service Points
Test Equipment Checklist
Electrical Equipment

- Mechanical Equipment
Hydraulics

6. Safety
General
Electrical Hazards

- Mechanical and Other Hazards
Safety Checklist

7. Systems Applications

- Ammunition
Armament
Communications

- Equipment Subsystems
Crew Stations in Combat Vehicles
Tank Gun Control Systems
Optical Instruments and Associated Equipment
Personnel Computer Interface

APPENDIX A: Mannikins
APPENDIX B: Noise and Blast

GENERAL COMMENT

The handbook provides a good source of information and design criteria for the
practitioner and designer. It is a complete text for human factors guidelines and
rationale (except for HCI information). Those interested in learning the theory,
though, will not find their information in this text. It is a bare bones design
criteria handbook.
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REFERENCE: MIL-STD-1472D (1989) Human Engineering Design Criteria for
Military Systems, Equipment and Facilities. Department of
Defense.

SOURCE: Government - U.S. Department of Defence

TYPE: Standard for Human Engineering Design Criteria

OBJECTIVES OF THE DOCUMENT

This document has been developed by the U.S. Department of Defense as a standard
for human engineering design criteria requirement for all military systems,
equipment and facilities where this standard applies. The criteria contained in
the document incorporate the use of the words "shall", "should", "may" and "will"
in accordance with military requirements. Hence, this document may be called up
in its entirety as a requirement for military programs.

The nature of a standard is such that the wording is terse and precise. Few
examples are given to illustrate criteria, and no rationale or theory is
provided. If the user of this document wants to know why a particular criterion
exists, or know better how to apply the design criteria, that user must have
access to other information or must have experience and prior knowledge. This
document is for the experienced practitioner only. Interpretation of the design
criteria in this standard will be based on the user's expertise in human
engineering and past experience.

APPLICABILITY TO THE NUCLEAR FACILITY

This standard applies to equipment design as well as the design of facilities and
the overall system. It is a good source of complete human engineering design
criteria for the purposes of influencing design as well as for evaluating design.
The document contains brief checklists at the end of each major section. These
may be used to evaluate the general requirements. All criteria are complete and
cover most areas adequately, including the human computer interface. Since this
document is a standard, successful application to a nuclear facility will be a
function of the practitioner's experience.

ORGANIZATION OF THE DOCUMENT

1. Scope
Scope
Purpose
Application
Force Limits
Manufacturing Tolerances

2. Applicable Documents

3. Definitions
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4. General Requirements
- Objectives
- Standardization

Function Allocation
- Human Engineering Design

Fail Safe Design
Simplicity of Design

- Interaction
Safety
Ruggedness
Design for XBC Survivability
Design for Electromagnetic Pulse (EXP) Hardening

5. Detailed Requirements
- Control/Display Integration
- Visual Displays

Audio Displays
Controls
Labeling
Anthropometry
Workspace Design
Environment
Design For Xaintainer
Design of Equipment for Remote Handling
Small Systems and Equipment

- Operational, Maintenance, Ground/Shipboard Vehicles
Hazards and Safety
Aerospace Vehicle Compartments
User-computer Interface

6. Notes
- Intended Use

Issue of DODISS
Subject Term (key word) Listing
Changes From Previous Issue

GENERAL COMMENT

This standard is and has been used by many human factors practitioners involved
in military and aerospace systems. It is widely recognized and has been exposed
to a large audience of users. It is limited to precisely defining the human
factors design criteria for systems, equipment and facilities. It does not
include rationale or theory. The document is directed at the experienced human
factors practitioner.
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REFERENCE NASA-USE-1000 (1988) Space Station Information System Human-
Computer Interface Guide

SOURCE: U.S. Government (NASA)

TYPE: Guide for Human-Computer-Interface (H-C-l) Design - Software
and Hardware

OBJECTIVES OF THE DOCUMENT

This document was created by the National Aeronautics and Space Administration
(NASA). Its purpose was to provide software developers of each Team Member of the
Space Station Freedom Program with a set of working guidelines for H-C-I
specifically tailored to the Space Station Program. Hence, the document is
limited by this mandate.

Some theory and rationale are provided for all guidelines and a few examples are
given. This approach is useful and provides the H-C-I developer with a practial
guide. However, the presentation is choppy and the wording terse. The result is
that the reader may require more contextual information to better understand how
to apply the guideline. The lack of examples and scarcity of illustrations
weakens the usefulness of the guidelines further.

APPLICABILITY TO THE NUCLEAR FACILITY

The similarity in the nature of the nuclear power plant control room operating
environment to those in the space station environment is strong enough that, many
of the guidelines in this guide apply directly to Nuclear Power Plant (NPP)
design development. Hierarchical menuing systems and the use of graphical
presentation useful to space station are equally useful to the NPP environment.
In contrast, however, the inadequacies of the presentation and completeness of
the guidelines limits the usefulness of the guide.

An added bonus in this guide is a section dealing with methods of evaluation of
H-C-I designs including user needs assessments, rapid prototype testing and
performance checkout. This section provides useful examples of various
applications using the methods described. The methods are based on observational,
survey, analytical (task analysis) and testing approaches.

ORGANIZATION OF THE TEXT

The guide is organized as follows:

1. Introduction

2. Description of SSIS Users and Their Tasks

3. Guidelines for Interactions Between Users and the SSIS

4. Evaluation and Testing of the User Interface

5. Example Specifications
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App.

App.

App.

A

B

C

Task Analysis

References

Index

GENERAL COMMENT

This document is useful as an alternate guideline for H-C-I. Its strength is the
usefulness of che methods described for evaluation the H-C-I. The document is not
recommended as a prime source for HCI guidelines.
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REFERENCE: NASA-STD-3000, Man-Systems Integration Standard: Vol. I, II, III

SOURCE: U.S. Government - NASA

TYPE: Standard for Aerospace Systems - Manned Space Systems

OBJECTIVES OF THE DOCUMENT:

The document represents NASA's attempt to consolidate the human factors design
criteria and design requirements expected on all manned space systems developed
for NASA. The document contains other areas related to human factors such as
occupational health and safety issues, biomédical, system safety, maintainability
and facility management. The NASA statement of purpose for the document is as
follows :

This document contains man-systems integration design considerations, design
requirements, and example design solutions for development of manned space
systems. This is a NASA-level standards document applicable to all manned space
programs including NASA, military and commercial programs.

APPLICABILITY TO THE NUCLEAR FACILITY

This set of standards has utility in some areas where there is similarity in
specific requirements such as: safety; use of telerobotics; maintainability and
the need for rapid, error free, fault isolation, replacement and checkout of
failed equipment; radiation hazards and protection (protective clothing,
equipment etc.); use of CRT screen displays and keyboard, joystick, trackball,
mouse type input devices; presence of redundant systems and related switch-over
procedures and equipment; alarm and annunciator systems. The applicability of
following sections to the nuclear power plant environment is discussed.

ORGANIZATION OF THE DOCUMENT

The standard is organized as follows:

1. GENERAL ANTHROPOMETRICS AND BIOMECHANICS

2. HUMAN PERFORMANCE CAPABILITIES

3. NATURAL AND INDUCED ENVIRONMENTS

4. CREW SAFETY

5 . HEALTH MANAGEMENT

6 . ARCHITECTURE
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7. WORKSTATION

8. ACTIVITY CENTERS

9. HARDWARE AND EQUIPMENT

10. MAINTAINABILITY

11. FACILITY yjLNAGEKENT

12. EXTRAVEHICULAR ACTIVITY

GENERAL COMMENT

These standards are specific to the spacecraft environment. Some of the sections
contain information that would be useful, but this information can be found in
other, more comprehensive sources.
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REFERENCE: NUREG-0700 (1981) Guidelines for Control Room Design Reviews.

SOURCE: Government - Nuclear Regulatory Commission (NRC)

TYPE: Guideline

OBJECTIVES OF THE DOCUMENT

These guidelines are based upon NUREG/CR-1580, Human Engineering Guide to Control
Room Evaluation, and NUREG-O66O, a detailed control room design review. The
document was meant to be used by NRC staff in performing detailed control room
design reviews. This document contains recommendations for planning the review
process, review procedures, the assessment of identified human engineering
discrepancies to select those that should be corrected, implementation of design
improvements, and reporting. Human engineering guidelines are provided to be
used as benchmarks for the human factors quality of specific control room design
features.

APPLICABILITY TO THE NUCLEAR FACILITY

This document presents the review process which is recommended for the analysis
of human factors variables in nuclear power plant control rooms. It provides
guidelines for the planning, executing and reporting design reviews for U.S.
Nuclear Regulatory Commission.

ORGANIZATION OF THE DOCUMENT

This review is organized into the following sections :

INTRODUCTION

Purpose and Scope
Objectives
Relationship to Other Human Factors Programs
The Control Room Design Review Process
Definition of Terms

PLANNING PHASE
Objectives
Management responsibility
Review Team Selection
Data Management
Equipment and Workplace
Scheduling
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REVIEW PHASE
Objectives
Review Process
Operating Experience Review
Review of System Functions and Analysis of Control Room
Operator Tasks
Control Room Inventory
Control Room Survey
Verification of Task Performance Capabilities
Validation of Control Room Functions
Compilation of Discrepancy Findings

ASSESSMENT AND IMPLEMENTATION
Objectives
The Assessment Process
Implementation

REPORTS
Program Plan Report
Detailed Control Room Design Review Report

CONTROL ROOM HUMAN ENGINEERING GUIDELINES
Control Room Workspace
Communications
Annunciator Warning Systems
Controls
Visual Displays
Labels and Location Aids
Process Computers
Panel Layout
Control Display Integration

APPENDIX A : REFERENCES MATERIALS
Bibliography
Guideline Reference Matrix

APPENDIX B : SYSTEMS/OPERATIONS DESIGN ANALYSIS TECHNIQUES
Objectives
Information Sources
Analysis Team Staffing
Approach

Function Analysis
Allocate Functions
Verify Function Allocation
Validate System Integration

Control Room Design Specification
References

APPENDIX C : CONTROL ROOM OPERATING PERSONNEL INTERVIEW PROTOCOL
Guidelines for Operator Interviews
Selected Interview Questions



B63

APPENDIX D : PHOTOGRAPHY GUIDELINES
Types and Objectives of Photographic Support
Panel by Panel Mosaic Photographic
Discrepancy Photographs
Guidelines for Photography

APPENDIX E : GUIDELINES FOR ENVIRONMENTAL MEASUREMENTS
Sound Survey Procedures
Lighting Survey Procedures
Humidity/Temperature Procedures
Air Velocity Survey Procedures

GENERAL COMMENTS

This document contains procedures for the human factors evaluation of nuclear
power plant control rooms. Generally, it does not contain design guidelines
which are as specific or as quantitative as those found in other handbooks.
Depending on the facility to be reviewed, some of the information may be of
limited use. For example, detailed instructions are contained in the document
regarding the photography of annunciators and control panels.

The document's strength was the comprehensiveness of methods for planning,
executing and reporting design reviews. These guidelines may not assist a Human
Factors Specialist in assessing modern nuclear facilities. AECB may find this
document useful in establishing their own guidelines to standardize the method
of control room assessment and presentation of findings for nuclear power plant
staff and consultants.
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REFERENCE: NUREG/CR-1278-F. Swain, A.D. & Guttmann, H.E. (1983)
Handbook of Human Reliability Analysis with Emphasis on
Nuclear Power Plant Operations. Final Report.

SOURCE: Prepared by Sandia National Laboratories for the U.S. Nuclear
Regulatory Conmission.

TYPE : Handbook

OBJECTIVES FOR DOCUMENT:

The purpose of the handbook is to present methods, models, and estimated human
error probabilities to enable qualified analysts to make quantitative and
qualitative assessments of occurrences of human errors that may affect the
availability or operational reliability of engineered safety features and
components in nuclear power plants. The handbook provides most of the modeling
and information necessary for the performance of human reliability analysis as
a part of probabilistic risk assessment of nuclear power plants. Limitations of
the handbook and cautions to be observed in its use are explicitly stated.

APPLICABILITY TO NUCLEAR INDUSTRY :

This document is a tool for human reliability experts in any industry, however,
applications to nuclear reactor facilities are detailed most often. In
particular, tasks performed by control room personnel and the shift technical
advisor are emphasized since they represent "the most important 'man' aspect of
the man-machine interfaces in NPPs of interest to probabilistic risk assessment".
Less emphasis is placed on maintenance personnel and management.

Normal and abnormal operating conditions discussed in this handbook include :
start-up, planned shut-down, power level control, refueling, and external
initiating events of abnormal conditions (such as fire, flood, earthquake, etc.)
and internal initiating events (loss-of-coolant accidents and transients).

The types of tasks addressed by the authors include :
- Routine control room tasks;
- Preventative and corrective maintenance tasks;
- Calibration tasks;
- Postmaintainence or postcalibration tests;
- Change and restoration tasks;
- Recovery Tasks.
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ORGANIZATION OF HANDBOOK :

The handbook is organized into the following chapters :

PART I. BASIC CONCEPTS :

1. Introduction
2. Explanation of some basic terms
3. Some performance shaping factors affecting human reliability

PART II. METHODS FOR ANALYSIS AND QUANTIFICATION OF HUMAN PERFORMANCE :
4. Man-machine systems analysis
5. A technique for human reliability analysis
6. Sources of human performance estimates
7. Distribution of human performance and uncertainty bounds
8. Use of expert opinion in probabilistic risk assessment
9. Unavailability

PART III. HUMAN PERFORMANCE MODELS AND ESTIMATED HUMAN ERROR PROBABILITIES :
10. Dependence
11. Displays
12. Diagnosis of abnormal events
13. Manual Controls
14. Locally operated valves
15. Oral instructions and written procedures
16. Management and administrative controls
17. Stress
18. Staffing and experience levels
19. Recovery factors

PART IV. USE OF HANDBOOK TABLES OF HUMAN ERROR PROBABILITIES FOR HUMAN
RELIABILITY ANALYSIS, AND SOME EXAMPLES

20. Tables of estimated human error probabilities
21. Examples and case studies

PART V. CONCLUDING COMMENTS AND APPENDICES
22. Concluding comments

Appendix A -

Appendix B -

Appendix C -

Appendix D -

Appendix E -
Appendix F -

Appendix G -

Methods for propagating uncertainty bounds in human
reliability analysis and for determining uncertainty
bounds for dependant human activities
An alternative method for estimating the effects of
dependence
Calculation of mean and median numbers of trials to
detection given in table 11—9
Calculations of basic walk-around inspections as a
function of period between successive walk-arounds
Reviews of the draft handbook
A comparison of the October 1980 and present versions of
the handbook
General human error rates from WASH-1400
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GENERAL COMMENTS :

Although the technology referred to in this document is somewhat dated now, this
is still an excellent handbook. Much of this information, such as the section
on oral instructions and written procedures, can easily be applied to today's
facilities.

The text itself is very "user-friendly". The chapters listed above are broken
down further in the table of contents with each chapter containing an overview
of the topics to be discussed with key words underlined. Appendix E contains some
of the comments from the reviews of the draft document which were performed by
29 different people or agencies. Their suggestions have been incorporated into
this final copy.
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REFERENCE NUREG/CR-2496 (1982) Human Engineering Design Considerations
for Cathode Ray Tube-Generated Displays, by Banks et al.
Nuclear Regulatory Comnission

SOURCE: Government - U.S. Nuclear Regulatory Conmission

TYPE". Guidelines for CRT Generated Displays

OBJECTIVES OF THE DOCUMENT

This document was developed by the NRC to provide guidelines on the physical
attributes of CRT Generated displays. The document does not cover cognitive or
software issues. It is primarily a reference for recommendations on such items
as: symbol size, contrast and luminance, color, image polarity, refresh rate
etc.; keyboard factors; workstation dimensions; system response time; alternate
data entry devices.

APPLICABILITY TO THE NUCLEAR FACILITY

These guidelines can be applied directly to the computer based systems in nuclear
facilities, particularly those in the control room. The document is limited to
only the physical aspects. Information on cognitive requirements and software
design issues will have to be derived from other sources.

The document compared and evaluated standards for Cathode Ray Tube
(CRT) interface design. It is important that valid standards for
CRT display characteristics be adopted which can best match the
abilities and limitations of the operator. Nuclear power plant
operations, especially control systems, involving computers and CRT
displays should be designed to these standards. The standards that
were reviewed were obtained from the following sources :

1. Technical University, Berlin
2. Defense and Civil Institute of Environmental Medicine
3. DIN (the German standards organization)
4. Swiss National Board of Occupational Health and Safety
5. Video Display Terminals
6. Groupe de Recherche sur les Ecrans de Visualization
7. University of London
8. International Business Machines Inc.
9. EG&G Idaho, Inc.
10. National Institute of Occupational Health and Safety
11. Military Standard 1472-B and C
12. British Royal Navy
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ORGANIZATION OF THE DOCUMENT

The document is organized as follows:

1. Introduction

2. Sources Reviewed

3. Display Variables

4. Findings
Symbol Contrast

- Symbol Luminance
Acceptable Color

- Image Polarity
Minimum Refresh Rate
Phosphor Recommendations
Glare Control

- Display Viewing Distance
Symbol Size
Percent Active Area
Character Format
Character Line/Column Spacing

- Image Distortions
Screen Orientation
Height of Display
Ambient Light Levels
Reflectivities of Work Station Areas
Keyboard Factors
Work Station Dimensions
Color for Information Coding
Response Time

4. Alternate Data Entry Devices
Isometric Joystick
Ball Control
Free-moving X-Y Controller
Light Pen
Touch Panel

5. References

6. Appendices
Appendix A - Glossary
Appendix B - Excerpts from Design Handbook for Imagery Interpretation
Equipment
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GENERAL COMMENT

This set of guidelines provides a useful, reliable source of recommendations for
acceptable physical attributes of the information that is presented on the
screen, and for the equipment that produces the output. The guidelines are based
on thorough research carried out by a number of independent researchers.
Reliability of the data is considered to be high by the authors.

The document may be useful for nuclear power plant computer hardware designers
(or purchasing personnel). However, since computer technology is changing so
rapidly, a more recent list and review of standards would be advisable. For
example, the popular use of colour monitors has necessitated the development of
whole sets of new variables which need to be adequately researched and applied.
As it is, several of the reviewed variables were listed as 'no recommendation'
or 'research needed'. Perhaps more recent literature contains these new
standards.
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REFERENCE: NUREG/CR-3003 Banks, W.W., W.E. Gilmore.H.S.Blackman, D.I.
GerLman (1983) Human Engineering Design Considerations for
Cathode Ray Tube-Generated Displays. Volume II.

SOURCE: Prepared by EG&G Idaho, Inc. for U.S. Nuclear Regulatory
Commission

TYPE: Review of standards

OBJECTIVES FOR DOCUMENT:

This report identified relevant issues and variables related to human performance
in nuclear reactor control in conjunction with the use of cathode ray
tube-generated displays. This is the second report in on cathode ray tubes and
performance. The document deals with computer software related issues most
relevant to design of display screens. Each variable is defined and pertinent
data are discussed to support or refute design guidelines. Recommendations are
addressed to determine whether sufficient data exist in human performance
literature to support a particular suggestion or guideline.

APPLICABILITY TO NUCLEAR INDUSTRY:

This document presents human factors variables important in the evaluation of
Cathode Ray Tube-generated displays used in nuclear power plants. It also makes
recommendations for guidelines based on the variables' impact on human
performance and the validity of supporting data.

ORGANIZATION OF REVIEW

This review is organized into the following sections :

Abstract
Executive summary
Foreword
Introduction
Display Issues

Screen Organization
Grouping
Format

Screen Structures
Labels
Messages

Coding Visuals Displays
Symbolic and Pictographic Coding
Highlighting
Alphanumeric Coding
Cognitive Fidelity

System Feedback
Display Update Rate
Display Status Indication
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Dynamic Display Characteristics
Display (Animated) Motion

System-Induced Viewing Abnormalities
Display Distortion
Chromatic Display Aberration

Summary of Research Recommendations
Grouping
Format
Screen Structure
Coding Variables
System Feedback
Dynamic Display Characteristics
System-Induced Viewing Abnormalities

References

Appendix A - A summary of additional information relating
to CRT design by Ramsey and Atwood

GENERAL COMMENTS:

This is a relatively brief document on software issues in design of CRT displays.
Many important variables have been identified and discussed. The document is
presented in a "user-friendly" format with a very concise summary and detailed
table of contents.

The information in this document does not seem to be as complete as more recent
handbooks such as NUREG/CR-4227 by Gilmore which was published in 1985. The most
recent literature should be consulted for software related design guidelines.
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REFERENCE: NUREG/CR-3517 (1985) Recommendations to the NRC on Human
Factors Engineering Guidelines for Nuclesr Power Plant
Maintainability. Wash. DC; Nuclear Regulatory Commission.

SOURCE: U.S. Government - Nuclear Regulatory Commission.

TYPE: Maintainability Guidelines for Nuclear Power Plants

OBJECTIVES OF THE DOCUMENT

This document was developed by the NRC to provide guidelines for the
incorporation of maintainability features into the design of new and existing
plants. The document focusses on the entire plant, not just on the control room.
The guidelines are presented in brief paragraph form with supporting
illustrations for many. No checklists are provided and the application of the
guidelines requires an understanding of human factors principles. The guidelines
have been written with the power plant in mind and specific reference to power
plant equipment and facilities are made.

APPLICATION TO THE NUCLEAR FACILITY

The document was written specifically for application to the nuclear power plant
facility. However, this document can be applied to fuel fabrication facilities,
fuel recovery facilities and other such facilities handling nuclear fuels. The
guidelines are general in nature and apply to most situations. The document could
use more examples and illustrations of application. More information on fastener
types, packaging arrangements and examples of plant equipment layouts would
improve the document's value. Complete information, for example, is provided for
attachment and mounting strategies, yet other areas are less complete.

ORGANIZATION OF THE DOCUMENT

The document is organized in the following way:

Chapter 1: Introduction

1.1 Purpose

1.2 Background
1.3 Impact of Maintenance on Safety
1.4 Organization and Format

Chapter 2: General Principles

2.1 Maintainability Analysis and Improvement
2.2 Design to Avoid Conditions That Increase Probability of Human Error
2.3 Fool-proof Design
2.A Labeling
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Chapter 3: Accessibility amd Workspace

3.1 Problems

3.2 Safety Impact
3.3 General Considerations
3.4 Guidelines for Designing Hatches and Manways for Whole Body Access
3.5 Guidelines for Design of Work Space
3.6 Guidelines for DEsign of Installed Platforms, Work Stands and Ladders
3.7 Guidelines for Design of Arm and Hand Access

Chapter 4: Physical Environment

4.1 Problems
4.2 Safety Impact
4.3 Guidelines for Illumination
4.4 Guidelines for Noise
4.5 Guidelines for Vibration
4.6 Guideliens for Temperature and Humidity
4.7 Guideliens for Radiation

Chapter 5: Loads and Forces

5.1 Problems
5.2 Safety Impact
5.3 General Considerations for Establishing Guidelines
5.4 Guidelines for Lifting Loads
5.5 Guidelines for Carrying Loads
5.6 Guidelines for Applying Forces

Chapter 6: Maintenance Facilities

6.1 Problems
6.2 Safety Impact
6.3 Guidelines for Workshops
6.4 Guidelines for Warehouses and Tool Cribs
6.5 Guidelines for In-Plant Maintenance Work Space
6.6 Guidelines for Outage Facilities
6.7 Guidelines Use of Temporary Structures

Chapter 7: Maintenance Tools and Equipment

7.1 Problems
7.2 Safety Impact
7.3 Guidelines for Tools
7.4 Guidelines for Test Equipment
7.5 Guidelines for Controls and Displays
7.6 Guidelines for Support Equipment
7.7 Guidelines Use Communications Equipment
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Chapter 8: Operating Equipment

7.1 Problems

7.2 Safety Impact
7.3 Guidelines for Reducing Improper Maintenance
7.4 Guidelines for Accessibility to Equipment and Components
7.5 Simplifying Equipment Design

Chapter 9: Information Needs

7.1 Problems
7.2 Safety Impact
7.3 Guidelines for Labels
7.4 Guidelines for Visual Displays
7.5 Guidelines for Tactile Sensation and Feedback
7.6 Guidelines for Auditory Displays

APPENDIX A: ANTHROPOMETRY

APPENDIX B: FORCE APPLICATION REQUIREMENTS

REFERENCES AND RELATED SOURCES

GENERAL COMMENT

This guideline is directly applicable to the nuclear facility. It covers most
topics of maintainability and related issues regarding safety, operation and
plant design. The main criticism is that there is more complete coverage by other
sources (XIL-STD-1472D, EPRI 4350, MIL-HDBK-759A). However, the authors have
focussed on the nuclear plant environment and have addressed many issues specific
to that environment.
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REFERENCE: NUREG/CR-4227 W.E. Gilmore (1985) Human Engineering
Guideline for the Evaluation and Assessment of Visual Display
Units. Wash. DC; Nuclear Regulatory Commission.

SOURCE: Government - U.S. Nuclear Regulatory
Commission

TYPE: Guideline

OBJECTIVES FOR DOCUMENT

This report was developed for the Nuclear Regulatory Commission to provide
guidelines for the evaluation of Video Display Units (VDUs). Guidelines from
various sources were reviewed and compiled in this document to serve as a
"cookbook" for the reviewer evaluating existing or planned VDUs for service in
control rooms. It was also prepared to serve as a reference guide to personnel
involved in the procurement, selection, and design of VDU equipment. The areas
addressed include video displays, control/display integration, and workplace
layout. The existence of supporting research was also indicated in each
guideline. Comments and methods of analysis were also stated in each guideline.

APPLICABILITY TO NUCLEAR INDUSTRY

Modern nuclear reactors rely to a great extent on VDUs to interface between the
control system and the operator. Human factors variables are important even in
highly automated installations, where the operator is only involved periodically
to execute system checks or to react to an emergency situation. This guide
allows a practitioner to systematically evaluate the crucial variables in
human-computer interfaces to develop recommendations for improvement in design.

ORGANIZATION OF REVIEW:

This review is organized into the following sections :

INTRODUCTION

Background
Purpose and Scope
Recommended Use of This Document
Additional Literature Sources

VDU BASICS
VDU Description
Benefits from a Human Factors Assessment

ASSUMPTIONS
VDU Equipment
User Population
Overview
Strategy for Selecting the Variables
Method for Presentation
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VIDEO DISPLAYS
Legibility and Visual Acuicy
Screen Structures and Content
Alphanumeric Characters
Screen Organization
Visual Coding
Enhancement Coding
Dynamic Display
Information Formats

CONTROLS
Keyboard Layout
Auxiliary Controls

CONTROL/DISPLAY INTEGRATION
User Dialogue
System Feedback
Software Security

WORKPLACE LAYOUT
Anthropometries
Environmental Factors

REFERENCES

APPENDIX A - EVALUATION FORM : HUMAN ENGINEERING GUIDELINES FOR
THE EVALUATION AND ASSESSMENT OF VDUs

APPENDIX B - INFORMATION FORMAT SUMMARIES

GENERAL COMMENTS

Thu- uocument is very comprehensive in its review of pertinent variables, yet each
guideline is presented in a concise and usable form. Guidelines include a brief
definition of the variable. This is followed by a clear statement of the
guideline, including an indication of whether this guideline was developed
through formal research, informal research or whether it is based solely upon
long standing conventions which have not been empirically validated. Source
documents are referenced within each guideline. Additional comments are included
by the author, followed by the accepted method of assessment of the given
variable.

Appendix B contains an excellent summary of information formats which can be used
for video displays. Ten formats ranging from analog to mimic displays are
explained and illustrated.

The only apparent weakness of this document is its lack of an index or a detailed
table of contents. The document does contain a table of "Organization of the VDU
variables" which breaks down each major variable such as "Screen Organization"
into specific variables for which guidelines are provided. The usefulness of
this table is compromised since it is buried in thirteen pages of introductory
information.
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REFERENCE: NUREG-4S454 (1991) Advanced Human-System Interface Design
Guidelines, by J.K. O'Hara. Upton; Brookhaven Nat. Lab.

SOURCE: Government - U.S. Nuclear Regulatory Cotnnission

TYPE: Preliminary Description of New Guidelines in Preparation

OBJECTIVES FOR THE DOCUMENT

This paper outlines the guideline document that is being prepared by Brookhaven
National Labs (BNL) for the NRC at present. The guidelines described will be used
by the nuclear industry and NRC to review the design of Advanced Control Rooms
(ACR's). These guidelines will allow the human factors review of computer-based
control room systems.

At present the guidelines for control room design review are given in a 1981
document, NUREG-0700. This document was designed to guide the evaluation of older
"pre" computer-based control rooms. NUREG-0700 is not applicable to modern
computer-based control rooms. The document being written at the moment will
complement NUREG-0700, providing guidelines for human-computer interface and
human-software interface. Eventually, the newer document will contain all
guidelines for the review of nuclear reactor control rooms.

The guidelines will be available in both electronic and paper form. The
electronics form will be a data base that is accessed through a portable computer
(Apple Macintosh) . The user will select the guideline using a screen created with
HyperCard.

APPLICATION TO THE NUCLEAR FACILITY

The guidelines that will result from this effort will be directly applicable to
the modern computer-based nuclear control room. These guidelines will, however,
have application to other computer-based systems within the nuclear facility such
as computer-based material control and tracking, and Computer Numerically
Controlled (CNC) manufacturing machinery. The guidelines will not have
application to parts of the nuclear facility that are not computer controlled.
No data exists at present in these guidelines that concern traditional displays
and controls, panels or workstations such as found in older facilities (pre mid
eighties).

ORGANIZATION OF THE DOCUMENT

The guidelines will be organized as follows:

1. Information Display
- Screen Organization and Layout

Information Format
Coding

2. Operator Input
Entering Information
Operator Dialogue
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3. Control-Display Integration
System Response Time
Input from the User
Information Manipulation
Display Control

4. Operator Aids
Prompts, Alarms and Messages
Operator Guidance
Decision Aids
Supervised Automation

5. Inter-Operator Communication
Preparing and Sending Messages
Monitoring and Receiving Messages

6. Information Protection
Error Prevention and Correction
Security

7. Workstation Design
Display Devices
Control Devices
Workstation Configurations

Each guideline is resident in the computerized data base containing the following
information for each guideline:

1. Number
2. Title of guideline
3. Guideline description
A. Comments on the guideline regarding rationale, examples, application

etc.
5. Description of data collection method
6. Sources from which the guideline was derived
7. Validity guidelines according to empirical data

The guidelines can be accessed individually or printed in paper form as a
document that can be used in the field as a checklist for inspection and
evaluation.

GENERAL COMMENT

These guidelines will become the regulatory measuring stick for evaluating human
factors in advanced control rooms in nuclear facilities in the U.S. Such ACRs as
they are known will be increasingly similar to those found at present in Canadian
CANDU plants and to some degree in modern reactor control rooms used for isotope
production. The applicability of these guidelines to the modern nuclear facility
in Canada needs to be examined once they are available for evaluation.
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REFERENCE: Rasmussen, J. (1986) Information Processing and Human-Machine
Interaction." An Approach to Cognitive Engineering. New York;
North-Holland.

SOURCE: Private Publisher

TYPE: Guide to Cognitive Models

OBJECTIVES OF THE DOCUMENT

The document offers a comprehensive look at human performance modelling and
cognitive engineering. The approach is purely Rasmussen, and focusses on the
modelling of human thinking based on skill-based, knowledge-based a:id rule-based
task classification. This approach emphasizes the causal nature of human
performance. The tasks from start to finish are modelled such that higher level
thinking tasks such as decision-making are portrayed separately, but in proper
sequence with physical tasks. This relationship shown with task flow diagrams
effectively illustrates the importance of task sequences, interactions and
functions. The book examines various modelling techniques and discusses these in
light of research on human information processing and human-machine interaction.

APPLICABILITY TO THE NUCLEAR FACILITY

The models described in the text and the approach suggested by Rasmussen is
particularly suitable to process control situations. In fact, many examples
provided by Rasmussen are of tasks performed by nuclear power plant operators and
maintenance staff. The flow diagrams used to illustrate a functional model of
human thinking and action, and those used to describe the processes in a system
are instructive and applicable to modelling similar situations in any plant.

ORGANIZATION OF THE TEXT

The text is organized as follows!

Chapter 1: Introduction

Chapter 2: A Framework for Cognitive Task Analysis

Chapter 3: The Diagnostic Task

Chapter 4: Abstraction Hierarchy

Chapter 5: Analysis of Strategies for Diagnosis and Performance Criteria in
Real-Life Tasks

Chapter 6: Generalized Strategies for State Identification and Diagnosis

Chapter 7: Design of Supervisory Control Systems

Chapter 8: The Human as a System Component
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Chapter 9: Models of Human Information Processing

Chapter 10". Mental Models! Aggregation, Abstraction, and Analogy

Chapter 11: Human Errors

Chapter 12: A Catalogue of Models

Chapter 13: Epilogue

Bibliography
Suiect Index
Author Index

GENERAL COMMENT

This book is a very useful text for the human factors practitioner charged with
the job of evaluating human performance in highly complex systems. Approaches
described including cognitive task analysis, information flow modelling and error
classification and identification all can be applied to the nuclear facility's
control systems.
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REFERENCE: Salvendy, G. (1987) editor. Handbook of Human Factors. Now
York; John Wiley.

SOURCE: Private

TYPE: General Handbook

OBJECTIVES OF THE DOCUMENT

This handbook is written for the serious practictioner of human factors. However,
each chapter is understandable to the lay person and is free of technical jargon.
Rather than providing a cookbook format, this reference book explains the theory
and practice of each topic (chapter). The topics selected are representative of
all areas encountered by the human factors professional, and are written by
experts in each topic's field of study. The selection of authors for each chapter
has been done with care. Most of the chapters have been written by people who are
recognized as experts by the human factors profession. Hence, the human factors
professional can learn insight and guidance from the chapters, providing him or
her with an understanding of the issues and concepts important to a particular
topic. Application of this knowledge, on the other hand, is up to the reader.
Though examples are provided, they only illustrate concepts and ideas, not a
cookbook procedure that can be lifted for a particular application.

APPLICABILITY TO THE NUCLEAR FACILITY

Most of the chapters in this book contain approaches and information that can
help the practitioner, or individual serious about human factors, solve human
factors issues in a high tech environment. The chapters are up to date and deal
with issues that pertain to complex systems of modern design. The latest
approaches are offered. Many chapters are directed to the type of environment
found in a nuclear power plant or nuclear facility.

ORGANIZATION OF THE DOCUMENT

The book is organized into the following sections:
1. The Human Factors Function
2. Human Factors Fundamentals
3. Functinal Analysis
4. Job and Organization Design
5. Equipment and Workplace Design
6. Environmental Design
7. Design for Health and Safety
8. Design of Selection and Training Systems
9. Performance Modeling
10. System Evaluation
11. Human Factors in the Design and Use of Computing Systems
12. Selected Applications of Human Factors in Computer Systems

Each of the sections contains up to 10 chapters (average of 7). The following
chapters are directly applicable to the nuclear facility, though the entire
handbook is useful for the design, development, planning and operation of such
a facility.
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APPLICABLE CHAPTERS

1.2 System? "Design. Development and Testing".

2.2 Information Processing, Decision-Making and Cognition;
2.5 Engineering Anthropometry;
2.8 Human Error and Human Reliability;
2.9 Feedback-Control Mechanisms of Human Behavior;
3.1 Surveys in Organizations;
3.2 Analytic Techniques for Function Analysis;
3.3 Functional Analysis;
3.A Task Analysis;
3.5 Physiological and Psychological Work Load Measurement and Analysis;
4.1 Job Design;
4.3 Organizational Design;
5.1 Design of Visual Displays;
5.2 Design of Auditory and Tactile Displays;
5.3 Design of Controls;
6.1 Noise;
6.3 Illumination;
6.4 Climate;
6.6 Ergonomie Factors in Chemical Hazard Control;
6.7 Architecture and Interior Design;
7.3 Work Schedules;
7.4 Occupational Stress;
7.5 The Use of Safety Devices and Safety Controls at Industrial

Workstations ;
7.6 Personal Protective Equipment;
8.1 Personnel Selection;
8.2 Concepts of Training,'
8.3 The Relationship of Training Goals and Training Systems;
8.5 Training Simulators;
8.6 Design of Job Aids and Procedure Writing;
9.1 Decision Making,"
9.2 Artificial Intelligence;
9.3 Expert Systems;
9.4 Stochastics Network Models;
9.5 Feedback Control Models;
9.6 Supervisory Control;
10.1 System Effectiveness Testing;
10.2 Simulating Manned Systems;
10.3 Maintainability;
11.1 Design of VDT Workstations;
11.2 Human Factors of Computer Programming;
11.3 Software Interface Design;
11.4 Human Factors of Manual Computer Input Devices;
12.3 Human Aspects of Robotic Systems;
12.5 Human Factors Challenges in Process Control: The Case of Nuclear

Power Plants
12.7 Humans, Computers, and Communications;
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GENERAL COMMENT

The Handbook of Human Factors is one of the best, genera] reference guides;
available to the human factors practitioner. Though it does not provide the kind
of detailed procedural content that Woodson's Human Factors Handbook very
sucessfully conveys, it helps the practitioner understand the rationale behind
the application.
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REFERENCE: Van Cott, H.P. and Kinkade, R.G. (1972) editors. Human
Engineering Guide to Equipment Design. New York; McGraw-Hill.

SOURCE: Private publisher on behalf of the U.S. Joint Army-Navy-Air
Force Steering Committee

TYPE: General Guide / Handbook

OBJECTIVES OF THE DOCUMENT:

This reference book was developed for use by military and civilian designers to
be used as a handbook to assist in solving design problems. This text is similar
to the Handbook of Human Factors by Salvendy. Like Salvendy's text it focusses
on the systems approach to human factors design; it treats each area of human
factors separately in its own chapter; and it presents concepts and approaches
rather than providing actual procedures. The latest version of the book still
lacks attention to methods and techniques in human factors that can be used to
help in design or to evaluate design.

APPLICABILITY TO THE NUCLEAR FACILITY

This guide/handbook is general in nature. It can provide an overview of the areas
treated in each chapter. Applicability to nuclear facilities is indirect. The
chapters that are the most applicable to the design of a nuclear facility are:

1. System and Human Engineering Analyses
2. Man as a System Component
6. Man Machine Dynamics
7. Data Entry Devices and Procedures
10. Design of Multi-Man-Machine Work Areas
11. Engineering Anthropology
12. Designing for Maintainability
13. Training System Design
14. Training Device Design
15. Human Engineering Tests and Evaluation

GENERAL COMMENT

Some useful insights can be derived from this handbook, particularly for the
human factors practitioner. However, the book is too general and does not address
areas such as human factors design in software and human reliability. The book
also does not discuss in detail human factors methods such as human performance
modelling, task analysis, human error analysis, functional analysis, or survey
techniques. There are two reasons for these conditions: the text was written
before the move to automated computer driven systems; and the text attempts to
introduce the concepts rather than be a compendium of human factors data and
methods.
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REFERENCE: Wickens, C D . (1984) Introduction to Engineering Psychology
and Human Performance. Glenwiew; Scott, Foresman & Co.

SOURCE: Private Publisher

TYPE: Introductory Text to Engineering Psychology

OBJECTIVES OF THE DOCUMENT

This text is a solid introduction to the branch of human factors that is known
as cognitive engineering. This subject is becoming the leading area in importance
when dealing with human factors issues in the modern computer based systems
encountered in high tech, manufacturing and processing industries, as well as in
aviation and the military environment. An understanding of the cognitive
processes that occur during human decision-making and the resulting actions are
crucial to the safety, effectiveness and efficiency of complex systems.

Of course this assumes that humans are still in the loop. For completely
automated systems that never rely on human intervention for operation or
maintenance, the subject of human cognition is valuable only as a model for
artificial intelligence.

This book focusses on the examination of "human capabilities and limitations in
the specific area of information processing". It also provides insight into how
knowledge about these limitations can be used to make design decisions applied
to complex systems.

APPLICABILITY TO THE NUCLEAR FACILITY

Most of the concepts discussed by Wickens in this text are applicable to the
modern nuclear facility. Today's computer-based control systems and information
environment of the high tech process place greater cognitive demands on
personnel. Less emphasis is placed on physical tasks and more on cognitive tasks
such as: supervisory control tasks; monitoring tasks; infrequent manual takeover
of control when automatic systems fail; and system planning tasks.

The book is comprehensive and requires that the reader have some understanding
of basic psychology and systems theory as well as college level mathematics. It
will provide the human factors practitioner with a deeper understanding of the
behaviours exhibited by personnel working within a high tech process industry.

ORGANIZATION OF THE DOCUMENT

The main sections in the book are as follows:

1. Introduction to Engineering Psychology and Human Performance

2. Signal Detection and Absolute Judgement

3. Decision Making

4. Perception of Verbal Material
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5. Nonverbal Perception

6. Memory

7. Attention and Perception

8. Attention, Time-Sharing, and Workload

9. Selection of Action

10. Serial Reaction Time, Transcriptions, and Errors

11. Continuous Manual Control

12. Process Control and Automation

APPENDICES

AUTHOR INDEX

SUBJECT INDEX

GENERAL COMMENT

This text is a useful reference for understanding the cognitive nature of complex
tasks performed by personnel in modern computer-based systems. This understanding
is mandatory for any human factors practitioner charged with the job of assessing
or evaluating computer-based process control systems where humans are "in the
loop". Most of the literature supports the idea that overall safety of the system
requires that humans be part of the system. Fully automated systems with built
in safety systems have experienced safety systems failures, resulting in costly
consequences (examples range from industrial robots to satellites to aircraft).
However if the human is to be part of the system, the design must provide the
correct interface that is concordant with the cognitive capabilities of
personnel. Wicken's book is well suited to help provide the theoretical basis for
the human cognitive capabilities that will drive design features ensuring that
the interface will be effective.
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REFERENCE: Woodson, W.E. (1981) Human Factors Design Handbook. New York;

McGrav-Hill.

SOURCE: Private Publisher

TYPE: General Human Factors Handbook

OBJECTIVES OF THE DOCUMENT

This handbook has been designed to provide a reference to human factors
information for a wide audience of users. The focus of the book is on supplying
the user with suggestions for human-product interface design. The book is not
intended to be "a compendium of human factors data". Its design attempts to
provide an easily accessible source of human factors information. Specific
information can be found quickly thanks to the book's organization and layout.

This handbook is product oriented. Each sub-section concentrates on a particular
class of product e.g: single dwelling residence, railway vehicles, streets, roads
and highways etc. This layout will appeal to commercial users as well as users
in government and the military. The text is written in a practical easily-read
style. The general rationale is presented, followed by guidelines containing
descriptive paragraphs for each guideline. Illustrations are abundant including
many examples.

In addition to human factors guidelines this handbook contains chapters on
theory, methods and human factors data. The chapter on theory explains what human
factors is and introduces the reader to the systems approach used to integrate
human factors principles into design. The chapter on human factors data provides
anthropométrie and strength data derived from civilian and military sources, as
well as other human capabilities, behavioural and physical.

The chapter on methods includes setting up a human factors program, systems
anlaysis methods including task analysis, design review methods, design
checklists, hazards analysis, use of mockups and test procedures.

APPLICATION TO THE NUCLEAR FACILITY

This text is a good general guide for the practitioner as well as for the
designer. It contains most information necessary to help the user make decisions
about design and the evaluation of design. It contains the how and the what
regarding human factors applications and principles respectively. In general the
book is useful for the design and evaluation of nuclear facilities.

Limitations, however, include incomplete data on design aspects of various types
of systems found in the modern nuclear facility such as computer-based control
systems, automated systems, use of expert systems and approaches in analyzing
cognitive behaviour. These limitations are common among most of the standards and
guides, though this handbook is particularly limited in these areas.
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ORGANIZATION OF THE DOCUMENT

The book is organized in the following manner:

1. Systems Conceptualization
Systems Concept

- Architectural Systems
Transportation Systems
Military Systems
Space Systems
Industrial Systems

- Agricultural Systems
Communications Systems

- Consumer Systems

2. Subsystems Design
Architectural Entryways
Doors, Hatches, and Equipment Closures

- Windows
Parking
Walkways, Hallways and Catwalks
Ramps, Stairs and Ladders

- Elevators, Escalators and Moving Walkways
Bathrooms and Berthing Subsystems
Kitchens and Galleys
Dining and Food Service
Offices
Auditoriums
Materials Handling
Special Workplaces
Lighting
Sound Systems

3. Component and Product Design
Visual Displays
Auditory Displays

- Controls
Fasteners
Tools
Furniture

4. Human Factors Data
The Body
Human Strength

- Equilibrium
Reaction Time
Control Response
Work Output and Cost
Thermal Response
Visual Response
Auditory Response
Tactile Response



B89

Acceleration Response
- Vibration Response
- Atmospheric Factors
- Radiation

Electrical Current
Chemical Substances
Information Processing
Behavioural Expectancies
Fatigue

5. Human Engineering Methods
- Systems Analysis

Design Review
- References
- Index

GENERAL COMMENT

This text is a practical handbook for general use. Most aspects of facility
design are covered in the book. It provides information in a easy to read text
and contains illustrations for all pertinent guidelines along with many examples.
The handbook is both a source of human factors data and guidelines, and a guide
to human factors methods and theory.
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METHOD 5: Workload Analysis

METHOD 6: Training Analysis

METHOD 7: Worksite Analysis

METHOD 8: Task Analysis

METHOD 9: Maintainability Analysis

METHOD 10: Human Computer Interface Analysis

C2

C7

C12

C17

C22

C28

C33

C34

C38

C43



C2

METHOD - 1

METHOD: HUMAN PERFORMANCE MODELLING AND ANALYSIS

PROCEDURES :

There are four major types of human performance modelling:

1. Information Processing Models

2. Control Theoretic Models
3. Task Network Models
A. Knowledge Based Models

These four models are described below. These descriptions are based on
information contained in Baron et al. (1990), Bernard and Washio (1989) and
Boff et al. (1987).

Information Processing Models

The submodels developed using human information processing theory include
signal detection models, memory based models, continuous tracking models and
models for tasks involving discrete movements. The focus of these submodels
usually has involved single tasks such as detection of a specific target
amongst varying noise, tracking tasks such as control of a vehicle or plane, a
memory task etc.

There is one information processing model that tries to incorporate the data
from all of the single task submodels as well as including input from other
types of models. This single comprehensive model is called Human Operator
Simulator (HOS). The HOS model combines many of the single task submodels from
information processing theory, along with data from continuous control models.

HOS allows the modeller to represent the human operator, the system and
external systems in an integrated model. The human operator is defined by
knowledge expected to be held in long term memory; specifications regarding
operator response times, information processing capabilities, memory
capabilities, physical limitations, training, etc.; and the mental model that
the operator is assumed to have of the system (based on training, the human
memory capacity and available system cues).

The system is represented by hardware and software specifications (types of
equipment, locations of displays/controls, information available to the operator,
system response times and other pertinent performance parameters, expected inputs
from the operator and functions to be performed by the operator and the system.

The external systems are defined by environmental parameters (temperature,
lighting, layout of facility); other systems are linked with the modelled system,
providing inputs and outputs that affect the performance of the human.
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The model follows a script based on procedures such that as human-machine
interaction activities occur the model advances to the next step in the script.
The model continues to flow through the script behaving as an operator would
based on the information integrated into the model as described above.

The HOS modelling system allows the user of the model to simulate the operator
based on human performance submodels that have been validated more than once.
These submodels are used to determine the task completion times, response times,
memory constraints, physical relationships with specified equipment, knowledge
resources available for decision making.

The main drawback of the system is that it is based on fixed scenarios with a
fixed representation of the operator's mental model of the system. Hence, the
model cannot be applied to scenarios where rapidly changing, multidimensional
conditions occur (as found in complex systems).

Control Theory Models

Control theoretic human performance models typically have been used for manual
control tasks such has driving an automobile or piloting an aircraft. These
models include submodels such as psychomotor performance along with other
submodels representing instrument scanning, attention sharing, state estimation
and prediction, and neuromuscular performance.

Control Theory models have been used to simulate operator behaviour and integrate
that simulation with a system simulator. The resulting performance of the system
was examined to determine if the match between the system and the simulated human
performance was compatible. If system performance was adequate or better the
design was considered to be acceptable. If the overall performance of the system
was below adequate, the system was examined. It was determined where the design
failed in its ability to allow the simulated human "operator" to perform
adequately.

Other applications have included analysis of display/control problems,
determination of stressors on performance, evaluation of simulator requirements,
and to assist in the planning of experiments and simulators. There is interest
in extending the control theory model to include multivariable control tasks and
cognitive tasks such as monitoring, failure detection and decision making.

Examples of a control theory model that has been used extensively is the Optimal
Control Model (OCM). The OCM recently has been applied to failure detection
tasks, monitoring behaviour, supervisory control and decision making. Another
example of a control theory model is the PROCRU modelling system used to evaluate
procedural and system design changes of commercial aircraft operations. PROCRU
includes submodels for the aircraft, the ATC system (with landing aids), aircraft
crew members, and the air traffic controller.

PROCRU also employs submodels for information processing and for task selection,
both validated in other contexts. Furthermore, the modelling system allows
changing dynamic scenarios to be run allowing sensitivity analyses to be
performed.
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The major disadvantages of PROCRU are that it is main frame based, requires
knowledge of control theory, an appreciation for higher mathematical models and
requires exceedingly complex software.

Task Network Models

Task network models are more practically oriented toward specific design
problems. The model simulates the human operator within a particular environment
performing sequences of tasks or activities. The approach requires that the
analyst collect data very similar to that obtained in a task analysis.
Environmental data includes factors affected by other personnel, the equipment
and the constraints of the facility itself.

An example of a task network model is the Systems Analysis of Integrated Networks
of Tasks (SAINT) system developed for the U.S. Air Force. This system models
human behaviour using task structures that are developed from procedures. The
task structures or networks, as they are known, are represented by a set of
sequential tasks, with some decision paths where choice of task direction can
occur. The tasks are associated with times, with other tasks and more recently
with subjective data on visual, auditory, cognitive and perceptual performance.

Applications include workload analysis, human reliability analysis (THERP) and
for task queuing analysis. Applying the task network model is relatively easy
compared to the other types of models discussed here. It requires a top down
approach and is easy to follow.

The major disadvantage of the task network model is the focus on sequences of
discrete tasks. If interactions between tasks occur the model becomes awkward to
use and interpret. The lack of proper integration of changes in task sequencing,
the affects of one task on the occurrence of another and the omission of
unidentified tasks that may be important to effective performance all lead to
reduced validity of the model.

Knowledge-Based Models

The knowledge-based model of human performance approaches the problem from the
opposite direction. Rather than predicting a person's accuracy or reliability at
performing specific tasks, the knowledge-based model attempts to explain how a
person decides what is to be done to perform the task accurately and reliably.

Knowledge-based models have been used to simulate fault detection and diagnosis
tasks, general decision making tasks, problem solving tasks, and for training
personnel.

Examples of expert or knowledge-based systems used in the nuclear industry
include ICS-EXPERT used for fault diagnosis; Atomic Energy Canada Limited's
"Operator Companion" for CANDU plant operation, monitoring and fault detection
and diagnosis; GRADIENT developed by a European consortium for use in the design
and operation of process control systems focussing on the human-machine
interface; MSS-NPP from Japan used for an efficient, effective human-machine
interface, operations and maintenance support, and fault detection/diagnosis;
GEMS turbine diagnostics system developed by Ontario Hydro; the Halden project's
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HALO expert system for alarm filtering! and CES for the assessment of human
performance in NPP control room operation. Many others have been developed and
are described in Bernard and Washio (1969).

A major limitation of knowledge-based models is the inability to represent the
variables quantitatively. The qualitative nature of the data in the model means
that the model is best suited to providing the designer with rich contextual
data. Other problems include the large amount of resources necessary to collect
the data, usually done through surveys of material experts, observation of
operators and analysis of cognitive tasks. The expense involved in the
development of the knowledge-based model limits the availability of the model.
The imprecise nature of the data and the need to try to cover all tasks
(procedures) involves a more loosely defined process for the development of the
model. This lower level of precision and definition, compared to control models
for instance, impedes the ability of knowledge-based models to be open to
evaluation and validation. Since the model is context rich and responds to the
full range of behaviours for all personnel, direct validation with the real world
still requires resolution.

Reviews and References

One of the best recent reviews of human performance models for complex systems
is Quantitative Modeling of Human Performance in Complex, Dynamic Systems edited
by Baron, Kruser and Huey (1990). The book is a report of a panel on human
performance modelling held by the National Research Council's Committee on Human
Factors. Other reviews include Sheridan and Farrell's text Man-Machine Systems:
Information, Control and Decision Models of Human Performance (1974 - MIT) and
Rouse (1980) Systems Engineering Models of Human-Machine Interaction. Various
models are described in Boff, Kaufman and Thomas (1986) Handbook of Perception
and Human Performance.

An excellent review of Expert Systems as applied to the nuclear industry has been
produced by Bernard and Washio (1989) Expert Systems Applications Within the
Nuclear Industry. Background for the early development of knowledge-based models
can be found in Dreyfus and Dreyfus (1986) Mind Over Machine (Free Press).
Hollinagel et al. (1986) Intelligent Decision Support in Process Environments
(Springer-Verlag) is a collection of papers on all aspects of automated support
and its associated theory and application. The book covers the contribution of
cognitive issues, decision theory, artificial intelligence, and systems
engineering to the development of effective "smart" systems.

Specific references for the other types of models are listed below:

INFORMATION PROCESSING MODELS

Boff, Kaufman and Thomas (1986) contains descriptions of most of the accepted
information processing models. The handbook also contains discussions of
monitoring behaviour and supervisory control, mental workload, and vigilance.

Wherry, R.J. (1976) Human Operator Simulator. In Sheridan and Johannsen (ed.)
Monitoring and Supervisory Control. New York; Plenum.
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CONTROL THEORY MODELS

Baron, S., Zacharias, G., Muralidharan, R. , and Lancraft, R. (1980) PROCRU: A
model for analyzing flight crew procedures in approach to landing. Proceedings
of Eighth IFAC World Congress. Tokyo, Japan.

TASK NETWORK MODELS

Siegal, A. and Wolf, J. (1969) Man-Machine Simulation Models: Psychosocial and
Performance Interaction. New York; Wiley & Sons.

KNOWLEDGE-BASED MODELS

Tauber, M. and Ackermann, D. (1991) Mental Models and Computer Interaction 2. New
York; North Holland.

Rasmussen, J. (1987) Information Processing and Human-Machine Interaction: An
Approach to Cognitive Engineering. New York; North Holland.

Bainbridge, L. (in press) Will Expert Systems Solve the Operator's Problems?
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METHOD - 2

METHOD: EVALUATION AND TEST

PROCEDURE:

Evaluation of human factors attributes of a system involves a two step approach:
the evaluation of individual equipment during the design and development; and the
evaluation of the entire system during product testing of the system.

Meister (1985, 1986) describes methods for human factors evaluation and testing.
The latter document (1986) entitled Human Factors Testing and Evaluation
provides the best and most extensive treatment of human factors evaluation
methods. The descriptions below have been taken from these documents.

Evaluation of Equipment

The evaluation of equipment during the design phase is a necessary step in the
integration of sound human factors principles into the design. Waiting until the
design is set in concrete before attempting to influence design makes the human
factors effort mostly irrelevant. Hence, the evaluation of individual equipment
even before integration into the system, must start at the concept stage. This
may involve two dimensional paper design where only a review of the major
features of the equipment can be examined (usually a preliminary assembly
drawing).

The process of equipment evaluation can be accomplished through a number of
methods which can all be used to ensure complete coverage of all human factors
aspects.

EVALUATION OF EQUIPMENT DRAWINGS

Higher level drawings of equipment, particularly assembly and layout drawings,
can provide information about overall packaging, external features that affect
the user interface, and features that provide access to internal components (e.g.
hatches and access panels). These drawings can be examined and compared with
standards and criteria developed for the equipment from a set of standards or
criteria available from government or industry agencies (e.g. MIL-STD-1472D).

This level of evaluation includes determining if equipment meets overall human
factors principles as well as meeting more specific design criteria such as that
contained in documents like MIL-STD-1472D, NASA-STD-3000, EPRI-NP-3659, NUREG-
0700, ANSI-STD-HFS-100. The incorporation of these principles and criteria into
the design involves the full cooperation of the design team and a keen
understanding of the design, functionally and structurally. Hence, the evaluation
process requires that the human factors specialist be well versed in human
factors and in basic design principles, ie. having knowledge and experience in
both areas.
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EVALUATION OF PROCEDURES

The human factors specialist, as a member of the design team, must make sure that
the design and the associated procedures for operation and maintenance are
congruent. The human factors specialist must be able to determine whether the
design or the procedures are the root of errors or poor human performance. Both
in fact may contribute to poor performance or error. An evaluation of the
procedures is done to ensure that there are no awkward actions required, that
sequences of events agree with smooth operation of equipment, that the procedure
is written clearly and identified properly, that the procedure is complete and
no information is left out, that the procedure is consistent with overall
operation or maintenance philosophy, and that the procedure does not contain
unnecessary information.

The evaluation should involve determining whether the procedure provides the best
means for personnel to operate or repair the equipment; and should determine
whether the procedure conveys adequate and correct information to personnel.

CHECKLISTS FOR EVALUATION

Checklists are often used for evaluating the design throughout the design
process. The checklist usually contains questions that can be answered by a
simple YES, NO or N/A. These questions typically ask of the design conformance
to specific criteria as identified by the human factors specialist. The criteria
are derived from documents such as MIL-STD-1472D or other guideline documents
mentioned earlier. Only those criteria that are applicable to operation or
maintenance of the design should be included. Long checklists are rarely
completed.

The major drawback of checklists is that they are almost impossible to apply to
design features that affect the cognitive processes employed by personnel during
operation of computerized equipment (e.g. a computerized radar display or
computerized control display).

HUMAN FACTORS DESIGN EVALUATION SYSTEMS

Two evaluation systems exist that are used to examine human factors in the design
of displays. These systems are: The Display Evaluation Index; and The Analytic
Profile System.

Display Evaluation Index (DEI) - This system evaluates the design for its ability
to meet information transfer principles that ensure a usable design. These
principles stress efficiency and simplicity in the design of the transfer of
information from the equipment (e.g. a display) to the operator, and from the
operator to the equipment (e.g. control, keyboard). There are 10 specific design
features that are measured. The resultant value (the smaller the number the
better) is calculated from metrics measured for each of the 10 features which
relate to the transfer of information.
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Analytic Fi-ofile System (APS) - The APS evaluation tool is simpler than DEI. It
uses ratings of 7 qualitative features of display design. This scaling is based
on a multidimensional factor analysis. The factors include amount of material
displayed, display format, discrimination of relevant vs irrelevant information,
ability of display to promote effective organization of information, ability of
display to allow ordering of information, ability of display to allow integration
of cues and pertinent information, and ability of the display to facilitate or
inhibit decision making.

MOCKUPS

Mockups are invaluable evaluation and problem solving tools not only for the
human factors specialist, but for the rest of the design team. Mockups nay be two
dimensional paper models or they may be three dimensional facsimiles of the
proposed design. The best cost-effective results are obtained by creating a full
scale wooden representation of how the equipment would look once built. This
means using engineering drawings to build out of wood a replica that may not be
functional but has reasonably accurate dimensions, fasteners and mechanical
interfaces similar to the real thing, including access openings and mounting
brackets etc.

Wooden mockups of equipment allow the attachment of changeable paper
representations of display faces, moveable controls, keyboards, various other
input devices, adjustable surfaces for determining angles and heights, and
removable modular components to allow alternative layouts. Evaluation and
reconfiguration of the equipment can be carried out during trials with
experienced personnel.

Paper mockups of equipment can be used to determine overall layouts by allowing
the equipment to be moved around and various configurations considered. Lines of
sight and interferences can be identified. A more effective but much more
expensive method is to use CAD inputs on a 3-D modelling program to investigate
the juxtaposition of equipment from all points of view.

The mockup can be used to test out various layouts of controls and displays,
locations of equipment to allow ease of maintenance and use. Walkthroughs (see
below) can be carried out using mockups to represent the equipment.

WALKTHROUGHS

The walkthrough is a technique whereby a material expert fully experienced and
familiar with system (experience with past versions or similar types) is asked
to carry out step by step the sequence of expected tasks from a selected
scenario. The expert will be asked to point to displays and controls and state
what is expected to be displayed or what action is to occur. The walkthrough can
take a few hours and is augmented by video/audio record.

The walkthrough is an excellent way to identify inconsistencies in the proposed
equipment and in the proposed procedures. The technique can be used to develop
and verify conceptual task analyses.
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Evaluation of the System

The evaluation of the system involves the evaluation of human performance and the
contribution of this component to overall system performance. The parameters and
attributes included are time to complete tasks, particularly those that are time
limited, the accuracy in performing tasks, frequency of errors made and the type
of error, overall level of work performed (number of items produced or actions
performed), resources consumed to complete the task (efficiency), psychological
and physiological stress incurred, judgements of correctness and effectiveness
of the performance of the task.

The above parameters and attributes are considered in light of overall
performance of the system. The human factors specialist must determine the
weighting of the human performance component as a contributor to system
performance. Direct effects of the operator or maintainer on system performance
must be examined. For instance, operator or maintainer error may cause the system
to be placed in a catastrophic condition or the error may be recoverable or have
little effect on the system. The completion of tasks in the correct order or to
some established standard may be necessary to maintain the system at an
acceptable level of performance. These interpretations of the data allow the
human factors specialist to establish the effects of human performance on the
system performance.

System level evaluation of human performance requires that simulation or actual
use of prototypes or actual equipment be available. Hence, coordination with
other testing and evaluation must be carried out. Techniques of data collection
must be flexible and allow the collection of data on the fly and with little
control over external variables such as the environment. Methods for data
collection include."

1. Automated Data Takeup Systems (e.g. performance measurement systems);
2. Review of system requirements
3. Interviews and questionnaires
4. Observation - direct or by video
5. Standardized Performance Testing
6. Self report (e.g. diary)
7. Walkthrough
8. Rankings and rating scales
9. Narrative recording
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KEY REFERENCES

Xeister, D. (1986) Human Factors Testing and Evaluation. New York; Elsevier.

This text is a veritable compendium of methods, techniques and suggestions for
human factors evaluation and test. The book provides the most detailed and
complete discussion of human factors evaluation and test methods. It provides the
reader with methods based on Meister's own experience on various large scale
projects with the U.S. Department of Defense, as well as others who are equally
experienced in test and evaluation of large and small systems. Meister describes
test and evaluation methods during design, developmental testing and operation.
He describes how to develop a test plan, perform various measurement methods,
carry out environmental testing, report test results and explains how to address
special measurement problems.

Xeister, D. (1985) Behavioral Analysis and Xeasurement Xethods. New York," Wiley
& Sons.

This text provides a good summary of the test and evaluation methods used by
human factors specialists. The areas covered are similar to the text referenced
above, though in considerably less detail, and without the large number of
examples found in the more recent text.
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METHOD - 3
METHOD: HUMAN FACTORS SYSTEMS ANALYSIS

PROCEDURE :

Systems analysis consists of the following components:

1. Mission/Scenario Analysis

2. Functional Analysis (Functional Flow Block Diagrams)

3. Functional Allocation Trade Offs

4. Time Line Analysis

5. Information Flow Analysis (Operational Sequence Diagrams)

Parallel to and following the system analysis effort, operator and maintainer
tasks are described, workload and task analyses are performed, mockup testing is
carried out, human-machine interface analysis is performed and finally
operational testing is carried out.

The human factors specialist usually is not involved in the mission/scenario
analysis directly. However, the initial concept development of the system may
call upon the human factors specialist for advice. Typically the human factors
specialist begins work with a complete examination of functional requirements for
the system.

Functional Analysis

The system's functional requirements are reviewed. The functions are laid out in
functional block diagrams that demonstrate the sequence and relationships between
the functions. Functions are arranged according to their level of detail. The
highest level function is the overall mission or ultimate function of the system.
The next level functions are the major functions required to fulfil the highest
level function, and so on. Hence, lower levels of indenture (the term for such
a structure) represent more detailed functions.

Each function is examined for the effects of environment (heat, cold, humidity,
pressurized/unpressurized, lighting, wind, motion, air circulation, vibration
etc.), of performance requirements such as: input/output response times;
information handling capacity; degree of accuracy for control functions;
complexity of cognitive functions; nature of data handling (well defined linear,
orthogonal relationships vs. complicated curvilinear, stochastic relationships) .

The constraints of governing requirements such as specified maintenance down time
requirements, personnel training and selection policies, spare supply policy,
available tools and support equipment, and operator performance aids, are
examined for their effects on the function. The inputs and outputs associated
with the function are identified. The inputs are those actions required to
initiate the function, and outputs are the actions that result from the
performance of the function.
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Functional pathways and feedback loops are identified and portrayed on the
functional flow block diagram. Th<2 functional flow block diagram will consist of
a number of layers starting with the higher level functions, progressing down to
lower level functions. Feedback loops are shown with additional flow lines and
arrows that show the loop back to a previous function. Figure 1 below shows an
example of a functional flow block diagram. "AND" and "OR" conditions can be
added for parallel and alternative functions. For software applications the
diagram can be modified to include decision points, producing a decision/action
diagram.

Figure 1: Example of a Functional Flow Block Diagram
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The approach involves starting with the highest level function (mission goal),
and decomposing this down to progressively lower levels of functions. This is
done by asking what functions must be performed to allow the higher level
function to occur. This procedure is continued down to the lowest level functions
required to properly describe the system. This "top down" approach is the
cornerstone for systems analysis. It provides the basis for all other systems
activities. The level of detail required depends on the systems design
responsibility, ie whether the design is the assembly of existing equipment (with
their own functional breakdown) or whether the design is to be developed entirely
by the design team.

Functional Allocation

The functions identified and analyzed above are analyzed for their allocation to
either the machine, to the software or to the human. Each function is considered
for attributes that discriminate between applicability for human handled
functions versus machine/software handled functions. The criteria used to
determine where the function is best handled include:

1. How the function should be implemented;
2. What equipment is already chosen to perform the function;
3. What does the function require in terms of performance.
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The third criterion requires that the human factors specialist identify the major
performance criteria that will satisfy system performance. An example is the
speed at which arithmetic calculations must be performed in order to determine
if a parameter rate may be critical - particularly if this must be accomplished
in seconds, the function is best handled by the machine. Cognitive functions that
require complex pattern recognition and decisions based on "fuzzy" data are best
handled by a human. The rapid pace of AI developments may change this allocation
somewhat in the future.

A comparison of functions more suited to machines and those more suited to humans
has been done by Fitts (1951). According to Meister (1985) this list is only a
starting point, and does not constitute the definitive list. Many functions can
be handled by both machine and humans depending on the circumstances. Often a
transfer of control is performed during normal operation and sometimes during
emergencies, to accommodate effective and efficient performance of the system,
or to allow the system to continue in a safe manner. It is up to the human
factors specialist to consider all relevant data before making the decision to
allocate a function to the machine, human or both.

Experience and information about existing systems can help the human factors
specialist employ sound judgement regarding allocation of function. Performance
by the equipment, and by operators and maintainers, may provide clues as to the
best allocation of function under varying sets of conditions.

Operational Sequence Analysis and Time Line Analysis

Preliminary task analysis data combined with functional data can be used to
create operational sequence diagrams (OSD) and perform time line analysis. For
operational sequence diagrams, the functions/tasks to be carried out by the
various components of the system are arranged together in a single diagram.
Hence, hardware, software and human functions will be presented together,
illustrating the interactions between all components of the system. The diagram
contains information about the sequence in which the function occurs, inputs,
outputs, type of function, the suggested allocation (eg. operator 1 or 2 or
display or control or communications equipment etc.), and the time at which the
function occurs.

The time-line analysis lists all of the functions in order and assigns a start
time and a finish time for each function. The task is described for its
behavioural requirements, and suggested personnel that would perform the task.
Any overlap in functions, points at which the amount of time allocated for one
function conflicts with the timing of another function, and over or underloading
of personnel assigned to the task.

Time-line analysis is a simple tool that can provide a great deal of insight into
personnel loading and personnel task assignments. Operational sequence diagrams
on the other hand are time consuming and tedious. The output is similar to that
obtained from time-line analysis, task analysis and workload analysis. The
advantage of the OSD, however, is that all of this information can be contained
in a single diagram. It is recommended that OSDs be performed for critical
functions only.
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Link Analysis

Link analysis is a very useful and simple analysis that can be used to identifj-
conflicting and confusing pathways of information flow or actual traffic on the
plant floor. The analysis can be applied to display/control panels or to the
layout of the facility or work area. The analysis consists of constructing a
diagram of the display/control panel, or facility layout, and drawing lines from
each item to the other where information flow occurs or where traffic occurs. The
data used for constructing a link analysis comes from the results of task and
functional analysis. The links can be described in terms of frequency of the
link, importance (criticality) of the link. The originator and receiver of
information, equipment involved, and links between personnel can be determined
from the analysis.

AUTOMATED METHODS FOR HUMAN FACTORS SYSTEMS ANALYSIS

The above human factors tasks performed during systems analysis can be made less
tedious and more effective by using the computer to aid in the process. A number
of automated systems analysis packages that include components that address human
factors issues exist. These are: Computer Aided Function-Allocation Evaluation
System (CAFES) including numerous specialized human engineering modules;
Computerized Relative Allocation of Facilities Technique (CRAFT); WOLAP; Human
Engineering Computer Aided Design (HECAD); TX-105 (similar to HECAD); System
Analysis of Integrated Networks of Tasks (SAINT); and Time Line Analysis Program
(TLA-1). The application of these automated tools are listed below:

1. CAFES

- function allocation
- workload assessment
- time-line analysis
- configuration control

2. CRAFT

- control/display layout
- frequency of control/display use
- control/display geometry
- workload analysis

3. WOLAP

- control/display layout
- frequency of control/display use
- control/display geometry
- workload analysis
- link analysis
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4. HECAD

- control/display layout
- control/display geometry

- link analysis

5. TX-105

- control/display layout

- control/display geometry
- link analysis
- workload analysis

6. TLA-1

- time-line analysis
- workload analysis
- contains task data library

7. SAINT

- functional analysis
- task analysis
- time-line analysis
- workload analysis

KEY REFERENCES

The best source for understanding the role of the human factors specialist in the
system design process is the book written by David Meister (1971) entitled Human
Factors: Theory and Practice (New York; Wiley & Sons). Another book by Meister
(1985) is Behavioral Analysis and Measurement Methods (New York," Wiley & Sons)
provides further insight regarding the usefulness of the methods as employed in
particular applications.
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METHOD - 4

METHOD: HUHAN RELIABILITY ANALYSIS (HRA)

Human Reliability Analysis (HRA) is an important activity which systematically
evaluates tasks to assess the potential for error, and the potential for harm or
risk as a result of the error. HRA seeks to predict operator failures in human-
machine systems rather than addressing the problems after the fact. This
systematic approach often fosters development of solutions to problems through
detailed description and analysis of tasks.

APPLICATION OF ANALYSIS

HRA can be used for the following purposes, as a component of a Probabilistic
Risk Assessment (PRA) in nuclear facilities to determine the potential for system
failure due to hardware, software or human malfunction:

1. Identification of Potential Human Errors
2. Classification of Potential Human Errors
3. Analysis of Potential Human Errors
A. Evaluation of the Estimated Consequences of Human Error
5. Identification of Human Performance Shaping Factors
6. Development of Recommendations for System Reliability Improvement
7. Justification of Design Modifications
8. Equipment/Workplace design
9. Training Analysis
10. Maintainability Analysis

GENERAL METHOD OF ANALYSIS

Four general classes of HRA methods have been identified : (1) expert judgement,
(2) performance process simulation, (3) performance data analysis, (4) dependency
calculations. The following methods are not grouped according to these classes
since some methods occupy more than one class.

Methods

Technique for Human Error Rate Prediction (THERP)

The object of THERP is "to predict Human Error Probabilities (HEPs) and to
evaluate the degradation of a human-machine system likely to be caused by human
error alone or in connection with equipment functioning, operational procedures,
or other system and human characteristics that influence system behaviour."
(Swain & Guttman, 1980)
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There are four steps to THERP :

1. Identify the system functions that may be influenced by human error.

2. List and analyze the related human operations (ie. perform a detailed task
analysis)

3. Estimate the relevant error probabilities using a combination of expert
judgement and available data.

k. Estimate the effects of human error on system failure events.

When used by designers, THERP provides an additional interactive step that
involves making changes to the system and recalculating the probabilities in
order to assess the effectiveness of the change in reducing risk.

THERP uses a probability tree diagram, in which the limbs represent binary
decision points (correct and incorrect behaviour). Each decision is influenced
by a combination of human activities and performance shaping factors. A large
list of Human Error Probabilities (HEPs) are listed for various tasks. The
analyst uses performance shaping factors and subjective judgement to modify HEP
for specific situations.

This method provides engineers with a number representing the human error
probability to use in Probabilistic Risk Assessments. Another use of the
risk assessment data is in justifications for design, personnel or training
changes. A task indicating a relatively high probability of error shows
management and design engineers that the task or related performance shaping
factors should be modified to improve human reliability.

There are several drawbacks to this approach which can limit its application :

o HEPs are scarce and their validity may be questionable.

o Only an experienced analyst can make HEP modifications with any
certainty, and even then, these estimates may be subject to
considerable personal bias .

o Although designers can use this methodology for control room design,
personnel and training reviews, most of the time and effort is spent
attempting to attach a number to human error rather than
investigating causal factors and developing alternative improvement
strategies. If the primary goal of an analysis is to produce
recommendations for system improvements, then an alternative
methodology may be more applicable.

o Earlier versions of THERP have been criticized for their exclusive
focus on behavioral error forms and for their corresponding neglect
of mistakes such as misdiagnosis or selecting an inappropriate
remedial strategy. This led to the development of Time Reliability
Techniques.
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Time. Reliability Techniques (Operator Action Trees, OAT) (in Reason. 1990)

NUREG/CR-3010 (Hall et al., 1982) contains a detailed account of the Operator
Action Trees (OATS). The method employs a logic tree, the basic operator action-
tree , that identifies the possible postaccident operator failure modes. Three
types of cognitive error are identified :

1. Failure to perceive that an event has occurred
2. Failure to diagnose the nature of the event and to identify the necessary

remedial actions
3. Failure to implement those actions correctly and in a timely manner

These errors are quantified using an analytical tool called the time-reliability
curve, which describes the probability of failure as a function of the time
interval between the moment the warning signals are evident to when action should
be taken to achieve successful recovery. Simple modifications are made to this
time-reliability curve when the analyst judges that operators will be reluctant
to take certain actions. These probabilities represent the likelihood of
successful action by a team of operators.

Empirical Technique to Estimate Operator Errors (TESEO)

This method was developed by Bello & Colombari (1980) for interview data
collected from petrochemical process plants, but is also applicable to the
nuclear industry.

Five error probability parameters form an operator failure probability :

Kl : type of activity (routine or not routine, requiring close attention or
not)

K2 : a temporary stress factor for routine activities and a temporary stress
factor for non-routine activities (assigned according to time available)

K3 : operator qualities (assigned according to selection, expertise, and
training)

K4 : an activity anxiety factor (dependent upon the situation, either a grave
emergency, potential emergency or nominal conditions)

K5 : an activity ergonomie factor (according to the quality of the micro-
environment and plant interface)

This is a relatively simple method to use and its outputs compare reasonably well
with other expert judgement assessments. However, as with any expert judgement
method, its numerical basis is derived from informed guesses rather than actual
human reliability data.

Confusion Matrix

This method was introduced by Potash et al (1981) to evaluate errors of operators
responding to abnormal plant conditions. The method relies on expert judgements
as to the likelihood of different misdiagnoses of specific plant states. These
judgements are solicited in a structured and systematic fashion. The method
allows judgements at different times in an accident sequence.
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Since this method relies on subjective judgements, the validity of the absolute
value of probabilities is questionable. However, this simple structure does help
analysts identity situations not easily modeled by other HRA —ethcâs, and can be
an effective tool for human reliability comparisons within a facility.

Success Likelihood Index Methodology (SLIM)

This is a structured expert judgement approach to evaluating human reliability.
This method uses performance influencing factors (a less behaviouralistic variant
of Swain & Guttman's Performance Shaping Factors in THERP) to derive a success
likelihood index. This index relates to the probability of success in the
situation of interest.

SLIM is available in interactive software packages (SLIM-SAM, SLIM-SARAH, SLIM-
MAUD : NTJREG/CR-3518) which reduce the expert's time requirements. Additional
features are available with this software include provisions for cost-benefit
analysis and sensitivity or a check for correlation between judges.

Some problems with calibration have been reported. Calibration involves
selecting two reference Human Error Probabilities (HEPs) for use in a linear
equation. However, choice of the objectively derived HEPs is critical since
inadequate HEP anchor points can distort results.

Fault-Tree Analysis (FTA) (in Park, 1987)

Conventional reliability analyses are inductive in nature and are primarily
concerned with hardware reliability. The Fault-Tree Analysis is deductive in
that it reasons backward from a predefined undesirable event. Beginning with a
foreseen undesired occurrence, FTA tracks the sequence of possible events which
could lead to the unwanted consequence.

FTA involves four steps :

1. System identification - This step defines the system, its undesired event
(the top event), and its boundaries.

2. Fault-Tree Construction - This step represents system conditions
symbolically.

3. Qualitative Analysis - Once a system fault-tree has been constructed, the
next step is to evaluate the tree qualitatively. Several weaknesses may
be sighted during this phase.

4. Quantitative Analysis - This phase obtains the numerical information
relating to the fault tree top event, eg. the failure probability, the
human error probability, etc.

Weaknesses in this approach include considerable cost of development of first
time fault-trees. This cost could be offset by future application of the model
in accident prevention, maintenance scheduling, and system modifications.

Fault-trees are not good at identifying mutually exclusive events or common-cause
failures. As well, FTA can not be used to identify dependencies satisfactorily
since there is no general mechanism for conditional probabilities.
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Another major difficulty with quantitative fault-tree evaluation is the lack of
pertinent failure data. Because of uncertainties in failure rate data,
quantitative FTA has its greatest value when relative rather than absolute
determinations are made. FTA is best applied during the detailed design stages
of the system.
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METHOD - 5

METHOD: WORKLOAD ANALYSIS

PROCEDURE:

Workload analysis consists of three types of measures:

1. Subjective
2. Performance
3. Physiological

These measures consist of numerous variables each that can be measured in a
number of ways. Therefore, the number of techniques for measuring workload is
quite large. Two sources provide good overviews of workload methods: Meister
(1985) and Boff et al. (1986). The article in Boff et al. is authored by Col. R.
O'Donnell and F.T. Eggmeier entitled "Workload Assessment Methodology". This
latter article provides excellent descriptions of the methods and their various
applications. The article actually provides a set of selection criteria with
suggested methods for each criteria. A summary of guidelines for choosing the
best method for a specific application is given. The summary is a handy tool to
select the type of workload measure most suitable to a given application.

A) SUBJECTIVE MEASURES

Subjective measures of workload have been used extensively in industry due to the
practical advantages of the techniques and the sensitivity of the method to
indicate workload differences (O'Donnell & Eggmeier, 1986). Moray (1982) provides
a review of subjective mental workload measures. The most commonly used
techniques are:

1. Cooper-Harper Scale
2. University of Stockholm Scale
3. Magnitude Estimation Technique
4. Paired Comparisons and Equal Appearing Intervals
5. Conjoint Measurement and Scaling

- Mission Operability Assessment Technique
- Subjective Workload Assessment Technique (SWAT)

1. Cooper-Harper Scale

This technique is the most widely used subjective technique for measuring
workload. The Cooper-Harper scale has been used primarily to measure pilot
workload, and was designed by Cooper and Harper (1969) for use by test
pilots. The technique has proven to be a good sensitive measure of
workload and improvements (Wolfe, 1978; North et al., 1979) have increased
the technique's sensitivity. However, the technique does not allow the
identification of sources of workload. The Cooper-Harper scale has been
adapted to allow the measurement of workload in information-processing
tasks, though these are still tasks that are related to flight activities.
The technique requires further modification before it can be used for
control room tasks or fault diagnosis tasks.
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2. University of Stockholm Scale

This technique has been used to measure workload in the form of perceived
difficulty and perceived effort. Bratfisch (1972) for example measured
perceived difficulty in performing tasks involving reasoning, spatial
ability and verbal comprehension. Dornic and Andersson (1980) measured
perceived effort during the performance of detection tasks involving
visual discrimination (perception) and letter transformation (central-
processing) .

3. Magnitude Estimation Technique

This technique is a psychometric approach to workload measurement. It
allows the collection of interval data (ie. actual scaled measurement)
rather than the ordinal data (ie. ordered classes) collected using the
Cooper-Harper technique. Hence, more powerful statistical treatments are
possible and the measurement of the interactive effects of variables on
workload is made possble. Subjects are given a standard task and told that
its rating is a given number representing its level of difficulty (e.g.
"10"). The subjects are then asked to perform other tasks and to rate
these tasks for level of difficulty compared to the standard task. The
technique provides accurate data that has shown a strong association to
comparable objective data on workload. Application to the operational
environment may be difficult since it is likely that the standard task
would have to be repeated before every comparative task.

4. Paired Comparisons and Equal-Appearing Intervals

This technique requires that the subject determine which task in a pair of
tasks demands the greater workload. Different pairs of tasks can be
examined. Each task must be compared against all other tasks in order to
develop the scale. This means that as the number of tasks increase, the
number of trials icreases even more. With 30 tasks examined the number of
trials required grows to 435. This may be the limiting factor in using
this technique in the field. The equal-appearing interval technique is
very similar in principle.

5. Conjoint Measurement and Scaling

Mission Operability Assessment Technique - Workload is measured using this
method as part of an overall assessment of mission operability. The
measure of workload is based on an ordered 4 class rating scale. Tasks
were rated using this scaled measurement. Since the 4 class scale
includes in the subjective question for each class, information on
operability as well as workload, the resultant scaled value is a
combination of workload and operability.
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Subjective Workload Assessment Technique (SWAT) - This technique combines
time load, mental effort load and stress load as a measure of vorklead.
Each component of the combined workload measure is obtained by a scaled
rating of three classes (TIME, MENTAL EFFORT, STRESS) (e.g. for the TIME
component l=lots of free time; 2=occasionally have free time; and 3=almost
never have free time). The method works well if a primary and secondary
task are run in conjunction.

The technique is easy to administer and requires about 1 hour of a
subject's time. The main drawback of the technique is its inability to
provide information about which tasks contribute to the workload measure.

B) PERFORMANCE TECHNIQUES

There are two classes of performance techniques:

1. Primary Task Measures

- Single Primary Task Measures

- Multiple Primary Task Measures

2. Secondary Task Measures

1. Primary Task Measures

A Single Primary Task Measure - This technique examines an single aspect
of task performance such as number of errors or speed of performance as an
indicator of workload. This approach is best suited to determining
workload based on errors made and the amount of time taken to complete
tasks. This type of approach allows the comparison of equipment designs
where increased information flow, increased number of displays or display
components are increased in number etc. Such comparisons can show where
the design degrades performance (more errors or longer execution times),
presumably because workload is increased, as a function of the higher
information loads.

Multiple Primary Task Measure - This approach is the same as the single
primary task technique except that more than one performance variable is
measured concurrently. If care is taken to choose performance variables,
results can be very useful for making design decisions, based on a
workload measure that is reflective of more than one performance variable.
This may provide more enlightenment as to which feature of the equipment
is most likely the cause of the degradation in performance.
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2. Secondary Task Measures

This technique is similar to primary task measurement, with the additon of
a secondary task to induce the workload effect. A second task is performed
concurrently with a primary task that is the focus of workload
measurement. The secondary task performance is measured directly, and
degradation in this performance indicates higher levels of workload
attributable to the primary task, where the primary task is carried out in
differing conditions. The degradation in the secondary task is considered
a result of the subject using more of his/her spare or reserve processing
capabilities on the primary task as the conditions change (task becomes
tougher due to increased information to process etc.).

C) PHYSIOLOGICAL MEASURES

The measure of workload can be a function of the body's response to
varying levels of workload. Hence, the changes in physiological response
may indicate, indirectly, the level of workload experienced. These
measures include:

1) Brain Function - Electroencephalogram (EEG)
2) Eye Function
3) Cardiac Function - Electrocardiogram (EKG), blood pressure, blood

volume, oxygen content of blood
4) Muscle Function

1. Brain Function

A particular characteristic of brain waves, namely the relationship
between the amplitude and the latency of the third and highest peak in a
typical EEG waveform evoked by transient visual stimuli, is associated
with the time of the stimulus, providing an indication of the level of
workload experienced at that point in time. There is still some question
as to the theoretic support of this technique as an indicator of actual
workload.

2. Eye Function

Certain aspects of the eye's response to stimuli have been accepted as
indicators of workload. Changes in pupil size, movement of the eye during
scanning, speed of such movements and the frequency of eye blinks all
reveal effects of increased workload. For example increased cognitive
activity causes the pupil to dilate. An increase in perceptual task loads
also cause the pupil to dilate. The pattern of movement of the eye can
indicate the level of work carried out during various task loads. Greater
dwell times on stimuli and reduced scan frequency usually indicate an
increase in workload. The workload measured, however, is perceived
workload more than actual workload since the subject responds by changing
the task strategy.
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3. Cardiac Function

Measures of EKG, blood pressure, blood volume and oxygen concentration in
the blood can be used to indirectly measure workload. The variability in
heart rate has been used as an indicator of workload, though most of the
workload assessment field are still skeptical.

4. Muscle Function

This technique involves the measurement of Electromyographic (E.MG)
response of the muscle. The technique is extremely invasive though it is
a direct indication of physical workload.
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METHOD - 6

METHOD: TRAINING ANALYSIS

Training Analysis (TrA)

Training Analysis (TrA) is a systematic method of planning, developing and
evaluating training activities. Characteristics of personnel, their tasks,
equipment and environment are described and analyzed to determine the impact of
their interaction on the safe and efficient operation of the nuclear facility.
TrA fosters development of alternatives for the reduction in risk of error in
operation through improvement of equipment design, and especially improvement of
training system design.

Applications of Analysis

Training analysis (TrA) is applied in all system lifetime phases of a nuclear
facility. This analysis must be used when designing, developing, conducting
and/or evaluating a training course or curriculum. No sophisticated system can
function without trained personnel. It is not enough to hand an operator a
procedures manual and hope he or she can "learn on the job". A structured
training system is required to ensure that the training activities are effective
in preparing personnel for the routine demands as well as infrequent situations
that may arise.

General Methods of Analysis

Although subtle differences exist among training systems and models , similar
basic elements can be dissected from each model and grouped into four phases.

These phases are :

1. NEEDS ASSESSMENT
2. PROGRAM DESIGN AND DEVELOPMENT
3. PROGRAM IMPLEMENTATION
4. PROGRAM EVALUATION

Divisions between phases not always clear since elements of training analysis can
exist in two or more phases. Depending upon the authors' point of view,
divisions can be made differently, expanding or condensing elements of training
analysis, yet the contents of a training system generally remain the same.

Needs Assessment Phase

Meister (1985) and Persensky (1984) refer to this phase as "Analysis".
However, analysis of one kind or another is performed throughout the
training system, therefore Goldstein's terminology (1986) seems better
suited here. In this phase, task and function analyses are performed to
determine which tasks need to be performed by the human and how. This
information, which may not be developed specifically for training
purposes, is gathered to determine the training needs of personnel.
Organizational variables and the persons required to perform the various
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tasks are also analyzed. This information is compiled to develop training
objectives.

Program Design and Development Phase

Authors may suggest different sequences of these to training system
elements, yet their importance in the structure of the training program is
undisputed. This phase contains numerous essential activities such as
choosing the training environment, developing tests, describing entry
behaviour, specifying learning events and activities, choosing
instructional methods, as well as determining the sequence of instruction.

Program Implementation Phase

In this phase, personnel begin training following implementation of an
instructional management plan to ensure that training resources are
available.

Program Evaluation Phase

Personnel learning and performance criteria developed earlier are used to
validate training. Training validation or internal evaluation involves
testing as a part of the training program in the form of written tests or
evaluation using tools such as a control room simulator. Transfer
validation, or external evaluation, involves monitoring the 'real life'
performance of trained personnel to determine if and how knowledge gained
through training is being applied on the job. Both kinds of validation
information is used to revise the training program or curriculum.

Methods

Goldstein (1986)

Goldstein offers a very comprehensive approach to TrA. The book is written by
a recognized authority on training. Unfortunately, the material is not directly
applied to the nuclear industry, yet much of the information can nevertheless be
used. Although a chapter in the book is devoted to describing a systematic
approach to training, a method for the development and assessment of a training
program is not presented clearly. The approach recommended involves the
following phases and their basic components :

1. Needs Assessment Phase
o organizational analysis
o task and knowledge, skill, and ability analysis
o person analysis
o instructional objectives

2. Training and Development Phase

o selection and design of instructional programs
o training
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3. Evaluation Phase
• Development of Criteria
• L'se of Evaluation Models

The structure of this training system differs from others in arrangement of
phases and component, however, the content remains the same. Detailed
explanation of components is given further in the text, however, the organization
of the text does not follow the proposed training system phases. The nine
chapters of the book are listed below.

1. Introduction
2. A Systematic Approach to Training
3. The Needs Assessment Phase
4. The learning Environment
5. Criterion Choices ! Introduction to Evaluation
6. Evaluation Process
7. A Variety of Instructional Techniques
8. Training Techniques Emphasizing Managerial and Interpersonal Skills
9. Special Approaches to Training Issues

Meister (1985)

Meister's Instructional System Development (ISD) methodology was first used by
the U.S. Navy in 1975 for the development of training systems, yet it can be
applied directly to today's nuclear facilities. The system is developed into
five functions '. analyze, design, develop, implement and control. These
functions are broken down into 19 blocks which are listed below :

Analyze
1. Analyze Job
2. Select Tasks for Training
3. Construction of Job Performance Measures
4. Analyze Existing Courses
5. Select Instructional Setting

Design
6. Develop Objectives
7. Develop Tests
8. Describe Entry Behaviour
9. Determine Sequence and Structure

Develop
10. Specify Learning Events and Activities
11. Specify Instructional Methods
12. Review/Select Existing Materials
13. Develop Instruction
14. Validate Instruction

Implement
15. Implement Instructional Management Plan
16. Conduct Instruction
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Control
17. Conduct Internal Evaluation
18. Conduct External Evaluation
19. Revise System

Persensky (1984)

The U.S. Nuclear Regulatory Commission is developing the Systems Approach to
Training (SAT). All utilities will be required to develop training programs
using SAT for all power plant operators, supervisors, technicians and other
appropriate operating staff. "The SAT is an orderly, interactive process based
on job performance requirements and is currently used in technological
environments where human performance and safety are primary. ... This approach
is consistent with the training evaluation method used by Institute of Nuclear
Power Operation (INPO) in its accreditation process."

The SAT must include the following key elements :

1. Analysis :

o perform a systematic analysis to determine job performance
requirements, trainee qualifications, and training needs

2. Derivation of Learning Objectives :

o where the analysis has indicated the need for training, derive
learning objectives from the analysis that describe the desired
performance at the end of training

3. Design and Implementation :

o design and conduct training programs to meet the specified
objectives for training

4. Trainee Evaluation :

o evaluate trainee mastery of training objectives

5. Program Evaluation :

o revise and upgrade training based on analysis of actual job
performance after training

Craig, R.L. (1987) Training and Development Handbook. American Society of
Training and Development. New York; McGraw-Hill.

This text is a recognized handbook by the American Society for Training and
Development. The book provides standard methods in training development,
reiterating some of the methods already described.
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METHOD - 7

METHOD: WORKSITE ANALYSIS

DESCRIPTION

Physical demands are analyzed by applying any number of assessment tools
(including methods-time-measurement, video recording, procedure documentation,
or personnel survey, etc.) to the quantitative or qualitative description of
interactions between personnel and the physical work environment. These
descriptions are used to evaluate present worksite design with respect to a given
criteria for safety, health and/or efficiency. Recommendations for design
improvements are made using the Worksite analysis (WA) information.

APPLICATION OF ANALYSIS

WA is a necessary activity in itself, but it is also an important part of other
analyses such as task analysis, human reliability analysis (performance shaping
factors), training analysis, and maintainability analysis. It should be
performed in the design and build phases of a system lifetime, as well as during
operation and decommissioning. WA is vital in evaluation of the tools,
equipment, workstation and product design as well as work environment control.

GENERAL METHOD OF ANALYSIS

As mentioned above, WA involves a wide range of analyses ranging from manual
materials handling to lighting conditions. Similarly, there are a variety of
methods possible for evaluation of different worksite characteristics. Data to
be used for WA can be derived through scientific experimentation or expert
judgement estimates. Analysis can be performed in the field, from workstation
mock-ups, or from procedural documentation. Quantitative physical measurements
can be taken of muscle activity using electromyography. Alternately,
psychological measures of rate of perceived exertion or discomfort can provide
similar information. Personnel surveys and questionnaires can be used to
describe and analyze perceptions, cognitions or behaviours affected by worksite
characteristics. Worksites can be analyzed using rigid human tolerance criteria
such as exposure limits to radiation, or subjective comfort rating for room
temperature. Checklists can contain these specific criteria or require the
analyst to make a subjective judgement such as "too heavy" or "difficult to read
displays".

The full range of methods of WA is too vast to describe in detail in this part
of the report. Many general text books and specific materials can consulted for
information regarding specific methods, therefore the METHODS section has been
omitted.
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portion of the text deals with issues in exercise. The information contained in
this document is very technical in nature and therefore would be of limited use
for most laymen and many practitioners. Since there is a lack of good work
physiology texts available, this may be the document needed for specific
information regarding human physiology and work stresses.

3) Canadian Centre for Occupational Health And Safety (1988) (1989) (199)
Ergonomie Infogram : E. Hamilton, Ontario.

These materials contain illustrated guidelines for ergonomics which can be used
in training or worksite analysis activities. Infogram titles related to
ergonomics are listed below :

1. Working in Standing Positions - Standing in the Workplace (E-A01)
2. Working in Standing Positions - Sitting and Standing in the

Workplace (E-A02)
3. VDT Workplace (E-B01)
4. VDT Workplace - Checklist (E-B02)
5. VDT Workplace - VDTs (E-B03)
6. VDT Workplace - Chair and Work Surface (E-B04)
7. VDT Workplace - Visual Environment (E-B05)
8. VDT Workplace - Job Design (E-B06)
9. Office Workplace - Visual Environment (E-D02)
10. Powered Hand Tools - Ergonomics of Tool Design (F-02)
11. Hand Tools - Ergonomics of Tool Design (G02)

4) CAN/CSA 2412-M89 (1989) Office Ergonomics: A National Standard of Canada.
RexdaleJ Canadian Standards Assoc.

This document contains detailed guidelines for worksite and workstation analysis,
focussing on the office environment. The book includes a section describing
ergonomie analysis as applied to the worksite and workstations. Other section
cover the environment, office layout, workstation design and office equipment
design. A more detailed description of the text can be found in the annotated
bibliography of the second progress report.
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5) Chaffin, Don B. and Andersson, Gunnar B.J. (1984) Occupational
Biomechanics. Toronto : John Wiley & Sons.

This is a fairly technical documents; however, it does contain a wealth of
information regarding the evaluation of forces acting on, or produced by the body
and the application of this knowledge to the workplace. It is recommended only
for those engineering, medical or health and safety personnel who are
knowledgeable of ergonomics in general.

6) Eastman Kodak Company (1983) Ergonomie Design for People at Work. Volume 1.
New York : Van Nostrand Reinhold.

This is a comprehensive volume of human factors information regarding workplace,
equipment, and environmental design and information transfer issues. It is was
written for engineers, medical, safety and supervisory personnel in industry to
be used in identifying problems. Some specific solutions are contained in the
document, yet the information is primarily intended to be generalized to a
variety of concerns.

7) Eastman Kodak Company (1986) Ergonomie Design for People at Work. Volume 2.
New York : Van Nostrand Reinhold.

This is the second volume in the series on design of jobs, including work
patterns, work hours, manual materials handling tasks, methods to evaluate job
demands, and the physiological basis of work.

8) Grandjean, Etienne. (1988) Fitting the Task to the Man : A textbook of
Occupational Ergonomics. 4th ed. New York : Taylor & Francis.

A very useful text covering most aspects of ergonomics from considerations of
body size in design to design of controls and displays for ease of understanding
and use. The text is somewhat technical in nature since it was written for the
ergonomics practitioner. Chapter headings are listed below :

1. Muscular Work
2. Nervous Control of Movements
3. Improving Work Efficiency
4. Problems of Body Size
5. Design of Workstations
6. Heavy work
7. Handling Loads
8. Skilled Work
9. Man-Machine Systems
10. Mental Activity
11. Fatigue
12. Occupational Stress
13. Boredom
14. Job Design in Monotonous Tasks
15. Working Hours and Eating Habits
16. Nightwork and Shiftwork
17. Vision
18. Ergonomie Principles of Lighting
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19. Noise and Vibration
20. Indoor Climate
21. Daylight, Colours and Music for Pleasant Work Environment

9) Ivergard, Toni. (1989) Handbook of Control Room Design and Ergonomics. New
York : Taylor & Francis.

This is a comprehensive text which can be used by human factors experts as well
as people new to the field. It contains factual information as well as
explanation of theory related to ergonomics. This text is particularly good for
AECB since it concentrates on control room design.

10) Ontario Ministry of Labour (1986) Physical Demands Analysis.

The ministry has developed a checklist which is now widely used in industry for
performing physical demands analysis. It is also extremely useful in providing
an injured employee's physician and supervisor with knowledge of the job demands
for the prescription of modified work. This checklist addresses aspects of human
strength, mobility, perception, work environment and condition of work. Each
item can be checked according to it frequency or importance on the job. Although
the form looks intimidating, it is possible to complete it without much
difficulty. However, most of the responses are subjective in nature and do not
quantify the physical demand. More detailed checklists are available.

11) Other Texts Covering Worksite and Workstation Analysis

The following texts also contain useful information on worksite and workstation
analysis :

Cember, H. (1989) Introduction to Health Physics. 2r,d edition. Toronto :
Pergamon Press.

This industrial hygiene text provides a useful background for engineers,
hygienists and possibly health professionals on radiation, its effects,
measurement and control.

EPRI NP-3569 (1984) Human Factors Guide for NPP Control Room Development. Palo
Alto; Electric Power Research Institute.

MIL-HDBK-759A (1988) Human Factors Engineering Design of Army Materiel. U.S.
Department of Defense.

Plog, B.A. (editor) & G.S. Benjamin: M.A. Kerwin (1988) Fundamentals of
Industrial Hvpiene. 3rd ed. Chicago : National Safety Council.

This is a comprehensive text containing introductory as well as detailed
information about industrial hygiene. It contains chapters on
recognition, evaluation and control of hazards.
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Wadden, R.A. & P.A. Scheff (1987) Engineering Design for Control of Workplace
Hazards. Toronto : McGraw-Hill Book Co.

This is an excellent source of engineering controls to occupational
hygiene problems. It contains a wealth of information regarding
technology and its practical applications in minimizing workplace hazards.
It presents guidelines for evaluating problems of toxic-substance
production and release, exposure to mechanical hazards, ionizing and non-
ionizing radiation, heat, noise and vibration. This text provides
engineers with valuable information to help design or modify workplaces
for safety.
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METHOD - 8
METHOD: TASK ANALYSIS

PROCEDURE:

Task analysis (TA) is a systematic method for identifying, analyzing and
documenting the physical and/or cognitive behaviour required of one or more
operators for the safe and effective operation of a human-machine system.

Applications Of Analysis

TA is performed throughout the system lifetime phases. Many variations of task
analysis must be performed as a part of other analyses including human
reliability analysis, training analysis, maintainability analysis, and cognitive
modelling. TA information may be used for the following applications (Van Cott,
1985) :

o design and evaluate control room design
o set personnel selection standards/qualification
o establish training objectives and content
o design and evaluate procedures
o design job aids
o prepare job specifications
o prepare job descriptions
o identify safety hazards
o assess risk (human error)
o develop job performance standards
o design and evaluate communications systems/procedures
o identify staffing requirements

There is no one generic method which can effectively and efficiently be used for
all applications. Many variations of task analysis have been developed for
different purposes. Brief descriptions of methods, their application and their
distinctive features will be discussed to some extent.

General Method Of Analysis

Task Analysis as a Part of Human-Machine System Analysis

TA should be completed as a component of a human-machine system analysis.
Meister (1985) describes Function/Task Analysis as a four part process. For
effective analysis, one must first Determine Functions (DP). Inputs and expected
outputs are listed with functional performance criteria. Second, Function
Allocation (FA) must be determined. Here it is decided which functions are
performed by the machine and which duties are humans responsible for. Next, Task
Description/Identification (TD/I) must be performed. The sequence of actions
(tasks) for associated functions is listed and each action is described as a
verb. Other task information is also described in this third part, such as
consequences of actions, stimulus that initiates action and criteria for task
accomplishment. The fourth and final part is the actual task analysis. Although
the division of TA from task description is unclear, the performance of the TD/l
prior to the TA is crucial. Components of the TA may vary depending upon it
expected application. A task analysis can be designed to answer four major
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questions : Job Design questions, Manning questions, Training questions, Testing
and Evaluation questions.

"Descriptive" and "Prescriptive" Analysis

There are two approaches to TA. A descriptive TA uses information obtained in
observation of personnel on the job or by using simulators. This approach
requires a great deal of the analyst's time since operators need to be observed
performing each task to be analyzed. The analysis would be limited to those
situations which happen to occur during the observations, therefore it is not
very comprehensive. "A descriptive task analysis can only record what actually
happens during the analysis, not what might happen or fail to happen under
conditions which the operator has never experienced." As well, deviations from
prescribed procedures such as short-cuts, which may accomplish the desired goal,
but may not be ideal for efficient and effective operation of the system in every
case, will be recorded rather than the preferred method of operation.

In contrast, a prescriptive analysis analyzes the tasks according to how they
should be done. It requires less time to perform since long, detailed
observations of operators are not required. This analysis will describe those
actions required for events which no operator has experienced.

A good task analysis method will contain elements of both approaches. For cost
effectiveness, many analyses are primarily prescriptive in nature.

Task Analysis Methods

Four different TA methods are outlined below. They are grouped together by their
main purpose. Note that cognitive task analysis will be discussed in the
Cognitive Modelling Section of this document.

Human Reliability (Error) Analysis

Swain & Guttman (1980) NUREG/CR-1278

Task Analysis is required as a part of the Technique for Human Error Rate
Prediction (THERP) methodology. TA is the fourth and fifth step in the Man-
Machine System Analysis listed below.

1. Describe the system goals and functions of interest
2. Describe the situational characteristics
3. Describe the characteristics of the personnel
4. Describe the jobs and tasks performed by the personnel
5. Analyze the jobs and tasks to identify error-likely situations
6. Estimate the likelihood of each potential error
7. Estimate the likelihood that each error will be undetected (or

uncorrected)
8. Estimate the consequences of each undetected (or uncorrected) error
9. Suggest changes to the system
10. Evaluate the suggested changes (steps 1 to 9)
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This methodology applies descriptive information of personnel characteristics and
performance shaping factors to the analysis of tasks for the estimation of human
error probability in control room operation. Swain & Guttman (1985") do not
present an extremely detailed task analysis approach since they are primarily
concerned with Human Reliability Analysis, yet specific TA requirements are
presented within a general Man-Machine System Analysis framework. A descriptive
or prescriptive TA approach can be used with this general format.

Control Room Design Review

INPO-83-046 - reviewed in Moray et al. (1985) below

NUREG/CR-3371 (Burgy et al) - reviewed in Moray et al. (1985) below

DOE/EP-0095 - reviewed in Moray et al. (1985) below

Moray, Senders and Rhodes (1985)

This method was developed for review of control room design for CANDU type
reactors. It combines prescriptive and descriptive approaches to task analysis
to ensure that most tasks are described and analyzed, especially those rare tasks
which the operators may not have personally experienced. Job analysis involves
the following phases:
1. Preparation of Vocabulary and Taxonomy
2. Preparation of Data Base
3. Choice of Tasks
4. Training of Analysis Personnel
5. TASK ANALYSIS

Stages : I. Table Top Task Analysis
II. Walk-Through/Talk Through Analysis
III. Simulator Analysis

6. Validation and Quality Control
7. Plan of Use of TA information for subsequent system improvement activities

(ie. Training Analysis, Human Reliability Analysis)

The three stages of TA are further described below:

STAGE I : Table Top Task Analysis (TT)

Written operating procedures for the selected tasks are reviewed first. Next,
engineering design manuals are reviewed, and Subject Matter Experts such as
design engineers are interviewed to find inconsistencies or omissions in the
operating procedures. Lastly, a quality check of the Task Data Form is performed
by a senior analyst.

STAGE II : Walk-Through/Talk-Through Analysis (WTTT)

This stage of the analysis requires the analyst and experienced operator(s) to
"walk-through" procedures for given tasks in a control room or simulator without
actually operating any equipment. The analyst uses video and audio recorders to
record the operators' explanation of procedures while taking notes. This WTTT
information is compared with TT analysis data derived in the previous stage.
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Discrepancies are clarified and missing procedures are written using Task Data
Form information. Quality and reliability checks are performed again.

STAGE III : Simulator Analysis

The authors recommend that the above stages be mandatory for nuclear facilities.
This third stage may not be feasible for all nuclear power plants; however, those
that have access to full-scale task simulators should consider this stage
mandatory as well. Audio and video information is recorded and notes taken.
Simulation analysis is checked for quality and reliability with TT and WTTT
analyses by senior analysts.

Training Analysis

Goldstein, I.

Knowledge of the tasks performed by nuclear power plant personnel is required for
development of training objectives.
Therefore task description/identification is important in training analysis, but
can be accomplished using almost any method. However, the task analysis part of
training analysis seeks to answer different questions.
1. Importance

a. Importance in terms of criticality of task for the job.
b. Importance in terms of consequences of error in performing task.

2. Time-Frequency
a. Tasks actually performed last year.
b. Most recent time the task was performed on the job.
c. Time spent performing the task on the job.

3. Difficulty of Learning Task
a. How difficult is it to learn task?
b. How difficult is it to learn task on the job?
c. How much opportunity is given to learn task on the job?

4. Difficulty of Performing the Task
a. How difficult is it to perform the task?
b. Why is it difficult to perform task?

5. Miscellaneous
a. Where should task be learned?
b. What level of worker proficiency is expected on task after training?

Cognitive Task Analysis

Recently, it has been recognized that most tasks carried out in the advanced
control room and other automated environments are cognitive in nature. The
operator is a supervisor of the system. The maintainer also uses sophisticated
automated tools to diagnose the system. This realization has led to the
development of cognitive task analysis methods to provide cognitive input into
human reliability analysis, design of the human-system-interface and for
developing procedures and training.
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An accepted standard technique for cognitive task analysis does not yet exist.
Roth and Woods (1989) Lind (1991) and Rasmussen (1986) have developed techniques
of cognitive task analysis. These techniques allow the analyst to identify
cognitive tasks and determine the relationships between tasks and system
performance. A review of cognitive task analysis is provided by Lesgold et al.
(1990).

REFERENCED AUTHORS AND METHODS

Lesgold, A, Lajoie, S., Logan, D., and Eggan, G. (1990) Applying Cognitive Task
Analysis and Research Methods to Assessment. In Diagnostic Monitoring of Skill
and Knowledge Acquisition by Frederiksen, N., Glaser, R. and Shafto, M.G.
Hillsdale; Erlbaura.

Lind, M. (1991) Development of interfaces for supervisory control. In Human-
Computer Interaction and Complex Systems, by Weir, G. and Alty, J. London;
Academic Press.

Meister, D. (1985) Behavioral Analysis and Measurement Methods. Toronto : John
Wiley and Sons.

Moray, N.P., J.M. Senders, & W. Rhodes (1985) Task Analysis Methods Applicable
to Control Room Design Review, for Atomic Energy Control Board, Ottawa.

Rasmussen, J. (1986) Information Processing and Human-Machine Interaction: An
Approach to Cognitive Engineering. New York; North Holland.

Roth, E. and Woods (1989) Cognitive Task Analysis: An approach to knowledge
acquisition for intelligent system design. In Topics in Expert System Design by
Guida, G. and Tasso, C. New York; North Holland.

Swain, A.D. & H.E. Guttman (1980) NUREG/CR-1278 Handbook of Human Reliability
Analysis with Emphasis on Nuclear Power Plant Applications : Draft Report for
Interim Use and Comment.

Van Cott, H.P. (1985) Task Analysis : The method and its many uses. 1985 Third
Conference on Human Factors and Power Plants. New York ". Institute of Electrical
and Electronics Engineers (IEEE).
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METHOD 9

METHOD: MAINTAINABILITY ANALYSIS

PROCEDURE:

Maintainability analysis includes the examination of the human-equipment
interface experienced by the maintainer of a system. The analysis encompasses the
incorporation of features into the design that promote ease of replacement of
subassemblies and components, reduce the time to isolate faults in the system,
ensure safety, and reduce errors in maintenance actions. The approach is a part
of the overall human factors effort. Many of the techniques used for the analysis
of maintainability are the same ones used for examining operability of the
system. Design liaison, checklist evaluations, task analysis, workload analysis,
trade studies, mock-up testing, prototype testing etc. are all used to ensure the
effective incorporation of features that promote sound maintainability into the
design.

Design Liaison

The most important part of the maintainability process is to include
maintainability as an integral part of the design process. The human factors
design features should ensure that maintenance is safe and error-free, that
performance is effective and efficient, that restoration times are kept within
reason, and that checkout is accurate. The person responsible for the
maintainability of the system must work with the design team to influence the
design early in the process. This influence comes from frequent review of the
design as it evolves, performing trade-off studies including cost/benefit
analysis when required to arrive at the best compromise. Drawings must be
reviewed on a regular basis and inputs to the design made before the design
matures too far. Formal evaluations using design checklists must be carried out
periodically, particularly before formal design reviews.

Task Analysis

A major part of the maintainability effort involves developing maintenance
scenarios and later detailed task analyses. This analysis reaps many benefits
including: task time data for maintainability predictions; task sequences and
activities, revealing steps in the job that are not possible or awkward; a chance
to consider interfaces and accessibility of the replacement module with other
equipment; identification of tools required and test equipment; and
identification of personnel requirements.

Gathering task analysis information for the maintainer is done in the same way
as for the operator.
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Testing and Evaluation

Equipment can be mocked up and interfaces, latching systems, accessibilitj' and
ease of removal and installation can be examined. Fidelity of the mock-ups does
not have to be high. A demonstration of the restorability of the system under
various fault conditions must be carried out to ensure good overall
maintainability of the system. This is performed on the actual system.

Additional analyses include the development of maintainability and availability
predictions. These predictions provide a snapshot of the predicted cost in time,
equipment and personnel resources, of the maintenance expected during the
system's lifetime. The predictions are based on the predicted failure rates of
equipment and the predicted time it takes to restore the system to operational
condition.

SPECIFIC TECHNIQUES

The following documents offer guidelines for performing maintainability analyses.
The list includes those developed for the nuclear industry and for other high
tech environments such as the military.

NUREG/CR-3517: Recommendations to the NRC for Human Engineering Guidelines
for Nuclear Power Plant Maintainability

This document was developed for the NRC as a guideline document to be used by
those designing or evaluating NPPs. The guidelines are aimed at reducing the
errors that can occur during maintenance. The approach is focussed on the
incorporation of maintainability features into the design as early as possible
during the design process.

The general principles include: design to ensure visibility into system failures
and fault conditions; design to reduce maintenance induced errors (in addition
to operationally induced errors), ensure foolproof design, and ensure that
adequate labelling is used to promote proper installation, operation and checkout
of system components.

The major sections of the document include:

• Accessibility
• Workspace Considerations
• Physical Environment
• Loads and Forces - limits and capabilities of personnel
• Maintenance Facilities
• Maintenance Tools and Equipment
• Operating Equipment
• Labelling, Displays, Procedures
• Anthropometry
• Force Application
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No methods for analysis are described, though the guidelines given are
comprehensive enough to be used to develop checklists, to guide evaluation of
systems and to help designers understand what design features will improve the
maintainability of the system.

MIL-STD-470B: Maintainability Program for Systems and Equipment

This document was developed by the U.S. Department of Defense for use on all
design programs but is particularly suited to the design of high tech equipment
such radar systems, command and control centres etc. The document offers
guidelines on tailoring the program for each application. Each program process
task is described and defined.

The document is organized into tasks as follows:

• Maintainability Program Plan
• Monitor and Control of Subcontractors and Suppliers
• Program Reviews
• Data Collection, Analysis, and Corrective Action System
• Maintainability Modelling
• Maintainability Allocations
• Maintainability Predictions
• Failure, Modes and Effects - Maintainability Information
• Maintainability Analysis
• Maintainability Design Criteria
• Preparation of Inputs into Detailed Maintenance Plan and LSA
• Maintainability/Testability Demonstration

Little detail about how to perform the analyses is given, though detail can be
obtained from MIL-HDBK-472 for Predictions. Some service specific handbooks exist
such as the Army Materiel Command's Engineering Design Handbook for
Maintainability Engineering and the US Air Force's handbook AFSC DH: 1-9 on
Maintainability.

EPRI NP-3588: Maintainability Assessment Methods and Enhancement Strategies
for Nuclear and Fossil Power Plants.

This document contains guidelines for maintainability as well as suggested
approaches for evaluation of maintainability. The actual process of incorporating
maintainability features into the design is discussed.

Therefore, the document delivers a good description of the real nuts and bolts
of how to ensure that maintainability features are integrated early in the design
process. This document provides the best all round treatment of maintainability
and it also happens to be written for the nuclear power plant. The only drawback
is the lack of discussion of software maintainability and advanced control
systems. These areas are ignored by the other maintainability documents, as well.
It will take some time before methods for analyzing software maintainability and
automated diagnosis systems are addressed.
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Bond, N.A.: "Maintainability" in Salvendy's Handbook of Human Factors

Bond provides a good overview of the methods and approaches required to ensure
that adequate maintainability features are incorporated into the design early in
the process. However, the emphasis is more on testability and fault diagnosis,
two very important areas that influence effective maintainability. Again, little
detail about the actual process is given.

Smith, D.J.: Reliability and Maintainability in Perspective

This book provides a primer for reliability, availability and maintainability
(RAM) engineering. The text describes the basic analytical approaches for
predicting reliability, availability and maintainability parameters. Discussions
on RAM model development, maintenance philosophy, test equipment, manuals etc.
and management of RAM programs, are given in the traditional manner. Lacking are
discussions of the human factors involved in doing maintenance, and the approach
needed in the design process.
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METHOD 10
METHOD: HUMAN COMPUTER INTERFACE ANALYSIS (HCI)

PROCEDURE:

The analysis and design of the HCI follows a process that includes:

1. Requirements Analysis
2. Design and Development
3. Evaluation and Test

Requirements Analysis

Requirements analysis involves developing a program plan for performing analyses
and design and test activities; carrying out user needs assessments and analysis;
and HCI functional specifications.

The analysis of the HCI for a given system involves a systems approach. The
initial functions to be performed by the operator and the information flow
between the computer and the operator must be identified. A top down functional
analysis and allocation of functions can be done to obtain the necessary data.
Next, the high-level decisions regarding the interface type must be made. This
includes decisions about whether windowing will be used, whether cursor control
and data selection will be done by mouse, trackball or both, whether keyboard
commands will be used or whether a solely graphical user interface will be used
or some combination thereof. Furthermore, the use of diagrammatic representations
and video inputs and other aids for the operator must be addressed (such as
mimics, dynamic graphs, etc). Some of the drivers for these decisions will
involve operator preferences, experience and commonality between systems.
Interviews with the operators, supervisors and technical staff is recommended at
this point. Such a user needs analysis is critical to the acceptance and
usability of the software once it is implemented.

All of these initial decisions must be made before equipment is chosen. Once the
high level decisions are made the next level of design will involve decisions
about actual presentation of data and the content, screen formats, menuing
systems and their interconnections, use of colour and other coding methods,
response times, multiple viewing when necessary (more than one screen at a time
through windowing or separate CRTs). This stage will involve the identification
of specific control/display requirements, the detailed content of messages or
icons, specifics of diagrammatic or graphical representations of information,
screen font sizes, colours, arrangement on the screen, common elements and
locations, selection strategies and pathways through the menu structure.
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Design and Development

This process involves developing a number of alternative HCI components that will
be analyzed and traded off. The process will include rapid prototyping of various
levels of mocked up prototypes of screens, utilizing candidate dialogue
strategies and procedures, job aids etc. Levels of prototyping may range from
simple paper representations up to full dynamic simulation. Trials are performed
throughout the design, performed iteratively as the design matures, and the
results of the prototyping activity are fed back into the design.

Trade-off criteria are developed and applied to the candidate design concepts.
Once the best design concept is determined, HCI specifications are prepared and
integrated into the software design specifications.

Test and Integration

Further rapid prototyping of the selected HCI is carried out to refine and
evaluate the HCI design prior to user acceptance tests. Bench marks for the user
acceptance tests are developed and performance requirements are determined. Data
to be collected during the user acceptance trials and the means of data capture
are identified.

User acceptance trials are conducted to determine if the design meets the
requirements of the user population. This process represents the last stage in
which changes to the design are still relatively easy and inexpensive. Informal
user trials are carried out on individuals during the first part of the
acceptance trials. The trial participants are asked to report problems and a
great deal of interaction occurs between the participants and the evaluators.
Next, more formal small group trials are conducted. Automatic and manual data
collection occurs during this phase with little intervention from the evaluators.
Errors and difficulties are recorded and design and procedural changes made
accordingly. Trial participants are typically individuals who are to be the users
of the system. Lastly, field evaluation is carried out in a setting that is as
close to actual site conditions using the participants from the group trials. The
test will simulate the actual training and work environment. User performance
data are collected to ensure that the HCI is adequate for all missions including
emergency and failure conditions. This test must be performed using actual
software, hardware and procedures where possible.
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SPECIFIC TECHNIQUES

Specific techniques that provide adequate coverage of the HCI analysis process
as applied to the nuclear facility include those described in MIL-HDBK-761A and
in Williges et al. (1987).

MIL-HDBK-761A (1989) Human Engineering Guidelines for Management Information
Systems.

This handbook includes techniques for analyzing the User-System-Interface (USI)
of software design. The techniques described are to be used in conjunction with
those methods described for human factors systems analysis in DOD-HDBK-763 Human
Engineering Procedures Guide and software development techniques described in
MIL-STD-2167 Defense System Software Development. This text offers a description
of a thorough and comprehensive program for the analysis, design, development and
testing of HCIs. Discussions of the various phases of design and development of
HCIs is included. Descriptions of specific analytic approaches such as rapid
prototyping are included. Other techniques for data collection can be found in
DOD-HDBK-763.

The text also includes a large section on HCI guidelines. This section is
followed by a comprehensive design checklist.

The text is organized as follows:

• Scope
• Applicable Documents
• Definitions
• General Guidance

- Overview
- Description of User Computer Interface (UCI) Design Process

• General Approach to Rapid Protoyping
• Detailed Guidelines
• Design Checklist
• Index

Williges, R.C., Williges, B. and Elkerton, J. (1987) Software Interface Design.
In Salvendy's Handbook of Human Factors.

This chapter deals with the entire process of the design and development of the
HCI component of the software. The treatment is complete and well organized. A
clear, concise description of the process is provided. The text includes examples
and plenty of references. Some of the example tools suggested for rapid
protoyping are out of reach of most practitioners. Also, some suggested
techniques for formal experimentation are not useful for the practitioner given
the speed and control constraints experienced on most design programs.

Actual techniques and the detail of how to perform them does not exist in this
chapter. The discussion indicates where particular techniques may be used and
does provide some references. However, the practitioner is left up to his/her own
devices when it comes to determining what technique to use and how to adapt it
to the design at hand.
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APPENDIX D

Sumaries of Specific Techniques
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HUMAN PERFORMANCE MODELLING

The methods reviewed in this section represent the four types of human
performance modelling and are presented below.

1. Information Processing Model - Human Operator Simulator (HOS)

2. Control Theoretic Models - Procedure Oriented Crew Model (PROCRU)

3. Task Network Models - Systems Analysis of Integrated Networks of Tasks

(SAINT)

4. Knowledge-Based Models - Skills-Rules-Knowledge (SRK)

2. Human Operator Simulator (HOS)

REFERENCE : Baron, S., D.S. Kruser, B.M. Huey (eds.) (1990) Quantitative
Modelling of Human Performance in Complex, Dynamic Systems.
Washington, D.C. : National Academy Press.

ABSTRACT :

There is one information processing model that tries to incorporate the data from
all of the single task submodels as well as including input from other types of
models. This single comprehensive model is called Human Operator Simulator (HOS).
The HOS model combines many of the single task submodels from information
processing theory, along with data from continuous control models.

HOS allows the modeller to represent the human operator, the system and external
systems in an integrated model. The human operator is defined by knowledge
expected to be held in long term memory; specifications regarding operator
response times, information processing capabilities, memory capabilities,
physical limitations, training, etc.; and the mental model that the operator is
assumed to have of the system (based on training, the human memory capacity and
available system cues).

The system is represented by hardware and software specifications (types of
equipment, locations of displays/controls, information available to the operator,
system response times and other pertinent performance parameters, expected inputs
from the operator and functions to be performed by the operator and the system.

The external systems are defined by environmental parameters (temperature,
lighting, layout of facility); other systems are linked with the modelled system,
providing inputs and outputs that affect the performance of the human.

The model follows a script based on procedures such that as human-machine
interaction activities occur the model advances to the next step in the script.
The model continues to flow through the script behaving as an operator would
based on the information integrated into the model as described above.
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APPLICABILITY :

This method can be used in a NPP. By utilizing the Human Operator Model, a set
of "micro-actions" can be used to model behaviour and predict performance. Since
HOS is particularly sensitive to the types and layout of displays and controls
in a simulated operator's workstation, as well as to the number and type of
multitask responsibilities allocated to the simulated operator, it is useful in
evaluation of control/displays, workstation layout, and task allocation.

The HOS modelling system allows the user of the model to simulate the operator
based on human performance submodels that have been validated more than once.
These submodels are used to determine the task completion times, response times,
memory constraints, physical relationships with specified equipment, and
knowledge resources available for decision making.

There is no simple way that this model can specify an operator's mental model for
controlling a rapidly changing, multi-dimensional, complex system. This drawback
makes it difficult to apply this tool in modern installations. However, the
model can be applied in the design or evaluation of fuel fabrication facilities.

PRACTICALITY :

This method can be moderately difficult to apply. Movement, memory, and thought
processing tasks must be broken down into minute actions. Collecting and
assembling this information can be a lengthy process. Some training of personnel
would be required before data collection could begin. Once entered, the data can
be used in a variety of simulation scenarios, making the process more cost
effective.

2. Procedure Oriented Crew Model (PROCMJ)

REFERENCE : Baron, S. (1986) Application of a Procedure Oriented Crew
Model (PROCRTJ) to Modelling Nuclear Plant Operation. Advances
in Human Factors in Nuclear Power Systems. ANS/ENS Topical
Meeting, Knoxville, Tennessee.

ABSTRACT :

PROCRU is a supervisory control model which can qualitatively and quantitatively
analyze flight crew procedures. The model builds on earlier, validated models
for human estimation and control behaviour, but incorporates features appropriate
to analyzing supervisory control in multi-task environments. Although the model
was developed for flight crews, it can still be applied to other jobs such as
supervisory control in NPPs.

Basically, the model recognizes that system states are displayed in the human-
computer interface which is periodically monitored by the operator. Human
sensory information is assessed in terms of the pre-set goals of operation.
Based upon situation assessments, procedures for action are chosen. Actions are
carried out which in turn affect the system state.
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PROCRU can generate a number of outputs that are useful for analyzing crew
performance and workload including, full state variable time-history information,
crew member's estimates of the state, crew attentional allocation as a function
of time, and crew control inputs.

APPLICABILITY :

Baron has developed a generic Control-Theoretic Model for Supervisory Control
from the original PROCRU which can be applied to a NPP. Baron explains that this
model can be used in a number of applications in the nuclear industry. These
uses are described briefly below.

Risk Assessment - in place of a real operator, a model of the operator can be
used repeatedly in a number of simulation scenarios to assess the possibility of
error and the resulting consequences to reduce time and cost of analysis.

Procedure Evaluation - an operator model can be used to test variations in
procedures to determine the most reliable methods of operation.

Control Room Design - the model's emphasis on information processing and
situation assessment along with its ability to simulate the effects of cognitive
overload and attention sharing make it a good tool for control room design and
evaluation.

Training and Licensing of Operators - it provides an opportunity to experiment
with the effects of training on performance and can contribute to the development
of suitable performance measures and criteria for the licensing of reactor
operators.

Crew Organization - it can be used to study the impact of alternative
organization of crew members on individual and collective information awareness,
as well as distribution of workload.

Post-Incident Analysis - crew models can be used to supplement simulator "walk-
throughs" to determine root cause and to predict outcomes to alternative
cognitive and behavioral activity during such a situation.

At this time, PROCRU is capable of analyzing skill and rule-based activity. The
software is still being developed to enable analysis of knowledge-based tasks
such as reasoning.

PRACTICALITY :

The model is not overwhelmingly complex, making it a practical tool for analysis.
Many sub-models are included within the framework of this one analysis tool.

However, this tool can only be used effectively in the hands of experienced
practitioners. The analyst must understand and account for numerous variables
when modelling cognitive behaviour.
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As mentioned, the model can reduce the requirements of actual personnel and
equipment when operation simulation is required. However, this can not be done
without validating model outputs with some honan simulation.

One major drawback of PROCRU is the fact that it is only available on mainframe
computers, making the analysis costly and sometimes impossible if mainframe time
is unavailable.

3. Systems Analysis of Integrated Network of Tasks (SAINT)

REFERENCE : Elkind, J.I., S.K. Card, J. Hochberg, B.M. Huey. (1990)
Human Performance for Computer-Aided Engineering. Toronto :
Academic Press Inc.

ABSTRACT :

Systems Analysis of Integrated Networks of Tasks (SAINT) is a task network human
performance model. This system models human behaviour using task structures that
are developed from procedures. The task structures or networks, as they are
known, are represented by a set of sequential tasks, with some decision paths
where choice of task direction can occur. The tasks are associated with times,
with other tasks and more recently with subjective data on visual, auditory,
cognitive and perceptual performance. SAINT differs fran HOS and PROCRU in that
it accounts for operator stress by calculating performance time as a function of
time demand/time available.

Performance outputs include time, errors, and time line analysis.

APPLICABILITY :

This model was developed for the U.S. Air Force, but can be applied to the
nuclear industry. SAINT is used to developed to solve specific design problems,
therefore, it may be applied in the design phase, but especially in the build and
operate phases of the system lifetime.

Applications include workload analysis, human reliability analysis (THERP) and
for task queuing analysis.

PRACTICALITY :

Applying the task network model is relatively easy compared to the other types
of models discussed here. It requires a top down approach and is easy to follow.
Compared to other types of human performance models, this task network model
requires less expertise.

The major disadvantage of the task network model is the focus on sequences of
discrete tasks. If interactions between tasks occur the model becomes awkward to
use and interpret. The lack of proper integration of changes in task sequencing,
the affects of one task on the occurrence of another and the omission of
unidentified tasks that may be important to effective performance all lead to
reduced validity of the model.
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SAINT software is run on PCs, not mainframes, reducing cost and increasing ease
of use.

4. Rasmussen's Skill-Rule-Knowledge

REFERENCE : Rasmussen, J. (1986) Information processing and human-
machine interaction : an approach to cognitive engineering .
New York : North-Holland

ABSTRACT :

One of the most accepted and used models of human behaviour is the Skills-Rules-
Knowledge (SKR) model developed by Rasmussen. All tasks can be classified as
being based on one of the three levels of cognitive processing.

Skill-based tasks such as rolling and straightening cores in fuel fabrication or
quickly moving between menu options on a computer which are practiced activities
involving little information processing. Sensory information regarding the state
of the core or supervisory program is not processed to a great degree before a
response is initiated.

Rule-based tasks are performed in an IF ... THEN structure. A familiar pattern
of environmental cues is presented to the operator which implies a particular
system state. This pattern of stimuli, therefore, requires an associated
response to return the system to the intended state. Routine operating
procedures are examples of Rule-based tasks.

Knowledge-based operations are, at least initially, unfamiliar to the operator.
Thus, the operator must refer to one or more knowledge bases to diagnose a
problem and plan appropriate action. This knowledge base can be a set of written
procedures, personal experience or education. Skill and rule-based activity may
eventually be used in a knowledge-based task for recognizable sub-tasks. An
example of a knowledge-based task may be re-fueling a light water reactor which
requires operations which are rarely performed and therefore are not driven by
skill or rule-based information processing.

APPLICABILITY :

As the above examples illustrate, the SRK model of information processing can be
applied in many areas of NPPs and fuel fabrication facilities.

The information resulting from SRK modelling can be applied in a number of
applications including cognitive task analysis and mental workload analysis.

PRACTICALITY :

The SRK model can be quite complicated because it represents cognition itself,
not simply the results (ie. the physical actions). For example, once a stimulus
is presented, the operator may respond using skill, rule or knowledge-based
information processing. It is very difficult to account for all influencing
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physical, psychological and sociological factors affecting one or more operators'
performance. Therefore, using the whole model in operational settings is
impractical. However, portions of the model have successfully been used in
applications such as error identification, cognitive and performance modelling.
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EVALUATION AND TEST

The general summary on this topic presents the following five methods for
evaluation and testing of equipment :

Evaluation of Equipment Drawings
Evaluations of Procedures
Checklists
Mockups
Walkthroughs

Ideally, all of these methods should be used in the process of equipment
evaluation. These are general methods which can be easily applied to the nuclear
industry in all phases of the system lifetime. Few specific evaluation
approaches have been developed, however documents such as MIL-HDBK-759A or
Grandjean (1988) , containing design recommendations and checklists are available.
Many of these issues are also discussed in the context of workstation analysis.

System Evaluation is discussed in general terms in both the Evaluation and Test
summary and the Human Factors Systems Analysis section. Some specific evaluation
systems are available, including Display Evaluation Index (DEI) and Analytic
Profile System (APS). However, detailed information was not sufficient to
constitute a complete review of the methods.
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HUMAN FACTORS SYSTEMS ANALYSIS

Two documents outlining specific human factors systems analysis have been
identified. These are DOD-HDBK-763 and Human Factors : Theory and Practice by
David Meister. Meister's approach is discussed in considerable detail in the
previous summaries section of this report. It is a well established method which
can be directly applied to the nuclear industry.

Automated methods of systems analysis are outlined in the summary. One popular
method, Systems Analysis of Integrated Networks of Tasks (SAINT) is reviewed in
the Human Performance Modelling Section of this document.

REFERENCE : DOD-HDBK-763 (1987) Human Engineering Procedures Guide.
Washington, D.C. : U.S. Dept. of Defence

ABSTRACT :

This document assists the user in requesting or providing systems for the
military. It contains an enormous number of brief descriptions of human factors
methods relevant to the design and assessment of equipment and entire systems.
Topics addressed include methods-time-measurement, Computer Aided Design and
evaluation techniques, human engineering training and education techniques, and
link analysis, as well as statistics. This document contains at least a
superficial review of most human factors topics.

APPLICABILITY :

Although developed for the military, this document can serve as an important and
useful tool for systems analysis in the nuclear industry. Systems analysis is
required primarily in the design phase, however, this document can be used as a
reference source for many other activities.

PRACTICALITY :

As well as containing a wealth of information, this handbook provides
recommendations for integration of the HF program into system development.

This document does have some draw backs. The textual information is very
detailed and requires the full concentration of the reader. It lacks a list of
references to some documents discussing the methods that would help the reader
fill in the detail where necessary.
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HttfflN RELIABILITY ANALYSIS :

There are a multitude of methods and models used for human reliability analysis
(HRA). Below are listed some of the most common. The methods which have been
reviewed are marked with an asterisk (*). Other methods listed but not reviewed
are either not favoured by most practitioners, or sufficient documentation was
unavai1able.

* THERP - Technique for Human Error Reduction and Prediction (1)

* SLIM-MAUD - Success Likelihood Index Method - Multi-Attribute Utility
Decomposition (2)

* SHERPA - Systematic Human Error Reduction and Prediction Approach (3)

* OAT - Operator-Action-Tree (4)

THESEO - in Park (1987)

Confusion Matrix - in Park (1987)

CADA - Critical Action and Decision Approach in Gall (1990)

HEART - Human Error Assessment and Reduction Technique in Gall (1990)

APJ - Absolute Probability Judgement - in Poucet (1990)

MAPPS - in Reason (1990)

HED - Human Error Database - in Kirwin ( )

1. Operator-Action-Tree

REFERENCE : Hall, R.E., J.R. Fragola, & J. Wreathall (1982) Post Event
Human Decision Errors : Operator Action Trees / Time
Reliability Correlation, NUREG/CR-3010, Brookhaven National
Laboratory.

ABSTRACT :

The Operator-Action-Tree (OAT) method was developed to focus on critical task
sequences. The OAT represents branching paths towards success or failure
depending on the operator's choice at various stages in decision making. The
approach attempts to identify error in the operators observation, diagnosis or
response to a given event. Time available also is considered in the calculation
of error probability.

APPLICABILITY :

This method can be used in most process control operations. It can also be used
throughout the system lifetime phases.
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The main purpose of the OAT is to quantify human error. However, the information
regarding observation, diagnosis and response to events derived from this process
can help in forming recommendations for error reduction.

Analysts may have trouble applying OATs to tasks where empirical data is not
available. As well, the time-reliability curve used for adjusting error rates
is somewhat speculative.

The original authors state that OAT can not be used effectively on errors of
commission since these errors are thought to alter the state of the plant and
critical safety functions.

PRACTICALITY :

To perform this analysis, it is necessary to first produce an event tree or fault
tree. This may be more involved than some simple task analyses. A list of Human
Error Probabilities (HEPs) and the time-reliability curve are needed to perform
the analysis to estimate the risk of failure. In-depth knowledge of the system
functions is required to determine the time available for each action. An
extensive list of weighting factors for modifying the HEP must also be available.

COMMENTS :

Knowledge-based activity in critical tasks should be addressed in HRA. Errors
in rare tasks are more likely to be knowledge-based, therefore OAT is an
important method for analyzing these tasks.

2. Systematic Human Error Reduction & Prediction Approach (SHERPA)

REFERENCE : Embrey, D.E. (1987) SHERPA : A systematic Human Error
Reduction and Prediction Approach. in Contemporary
Ergonomics - 1987. Proc. of the Ergonomics Society (U.K.)
Philadelphia : Taylor and Francis

ABSTRACT :

SHERPA is intended to provide guidelines for human error reduction and
quantification in a wide range of human-machine systems based on current
cognitive models of human performance.

The author prescribes a specific task analysis method, a Hierarchical Task
Analysis (HTA) as described in Shepherd (1984). Possible errors in the path of
action are documented, classified and analyzed in the Human Error Analysis (HEA)
module. The HEA also includes recovery analysis, consequence analysis, and
development of error reduction strategies (see SLIM-MAUD review in this document)

The next module is quantification for the purpose of estimating the degree of
error reduction for alternative strategies. The SLIM-MAUD methodology is
prescribed in this case.
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The error reduction module involves choosing an alternative based upon cost-
benefit analysis and subsequent implementation of error reduction strategies such
as improved procedures, training, or system design.

APPLICABILITY :

SHERPA was developed to suit "a wide range of human-machine systems", including
NPPs. It can be applied throughout the system lifetime phases, but would be most
effective in the design phase (as with all HRA).

This method ce. centrâtes on effective error reduction, as opposed to
quantification of error. It prescribes specific methods to be used (HTA,
Rasmussen's skills-rules-knowledge model, SLIM-MAUD), which contrasts with
methods such as THERP where reliability of the HRA can be affected by the choice
of methods used to gather and apply information. Human error probability (HEP)
is calculated for cost-benefit analysis.

PRACTICALITY :

This method is largely a computer based analysis. Once the likely errors are
identified, a computer assists in classification of the errors into Pedersen's
taxonomy (1985) of 18 error modes. Software is also available to assist in the
identification of Rasmussen's (1986) psychological mechanisms for task
completion. These steps, together with recovery and consequence analysis, help
form effective error reduction strategies.

Since this is a very systematic approach to HRA, it may be possible to assume
that personnel requirements and personnel expertise will be relatively low
compared to other expert-judgement-dependent methods.

Equipment required for the analysis would include a computer and SHERPA software.

COMMENTS :

This is a new and developing methodology. One limitation involves the inability
of the method to address knowledge-based errors effectively. For other more
information about some of SHERPA's components, see the reviews on SLIM-MAUD and
Hierarchical Task Analysis.

3. Success Likelihood Index Methodology (SLIM-MAUD)

REFERENCE : Embrey, D.E., P. Humphreys, E.A. Rosa, B. Kirwan, K. Rea.
(1985) SLIM-MAUD : An approach to assessing human error
probabilities using structured expert judgement, NUREG/CR-
1287, US Nuclear Regulatory Commission

ABSTRACT :

The Success Likelihood Index Methodology (SLIM) is a method for obtaining a
structured judgement of error probabilities in both proceduralized and cognitive
tasks. In this method, experts estimate the relative importance of Performance
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Shaping Factors (PSFs) en the likelihood of error. Vhen analyzing a task, PSFs
are given a numerical rating. These ratings are then combined with the weight
of the PSF to obtain an index SLI (Success Likelihood Index). Two tasks with
known human error probabilities (HEPs) are used as 'anchors' to calibrate the SLI
scale. Computer software (Multi-Attribute Utility Decomposition, MAUD) has been
developed to facilitate analyses.

APPLICABILITY :

This method is directly applicable to the nuclear power plants throughout the
system lifetime phase, especially design.

By concentrating on performance shaping factors as variables in determining HEP,
it is possible to make recommendations which optimize these variables for safety.

PRACTICALITY :

Since SLIM-MAUD is a computer-based method, it can be done more quickly and
easily than some methods. Although the ratings are subjective, the expert
judgements are made within a structured format, making the method somewhat more
reliable than other expert judgement methods. It has been shown to be comparable
to other more objective methods such as THERP.

The information necessary to perform this analysis is a list of human errors
derived from a task analysis, a list of PSFs and two task-specific HEPs derived
from empirical data.

COMMENTS :

The critical aspect of SLIM-MAUD involves the choice of the two anchor points.
It seems that the subjective ratings can be quite precise if the index is
calibrated correctly. This is limited by the current state of knowledge of human
reliability for various tasks. As well, the weighting system has been criticized
by some for possibly distorting the PSF ratings (Apostolakis et al, 1988).

4. Technique for Human Error Reduction and Prediction (THERP)

REFERENCE : Swain, A. & H. Guttman. (1983) Handbook of Human Reliability
Analysis with Emphasis on Nuclear Power Plant Applications,
NUREG/CR-1278. U.S. Nuclear Regulatory Commission.

ABSTRACT :

The THERP methodology is currently the most used method of Human Reliability
Analysis (HRA). Using any task analysis, potential errors are identified. These
errors are assigned probabilities based upon Human Error Probabilities (HEP) from
a HEP data base. Recommendations for reduction of HEP are then developed with
subsequent modification of the original HEP estimate.



D14

APPLICABILITY :

This method was first developed and applied specifically to NPPs. However, HEP
data bases are compiled of error information from a variety of industries
(including military), therefore, the validity of HEPs as they apply to NPPs can
be questioned in some cases.

Any HRA is best done during the design phase of a NPP. However, THERP, as most
other HRA methods, can be applied effectively throughout the system lifetime.

Despite THERP's evolution since the early 80's, the usefulness of HEPs is still
criticized by practitioners. It is said that THERP does little to identify root
cause of errors, and simply produces a number which can be used by engineers in
Probabilistic Risk Assessments.

PRACTICALITY :

To apply THERP properly, the following information is required.
First, a list of possible human errors derived from a Task Analysis (TA). Swain
& Guttman (1980) outlined a task analysis method, but mentioned that any method
could be used provided it produced a valid list of error possibilities. Thus,
the practicality of THERP will be based in part on the TA method used. Next, the
analyst must have a data base of generic HEPs. Finally, a list of possible
Performance Shaping Factors (PSFs) must be on hand to allow modifications of HEPs
for each error.

To conduct the analysis, a qualified expert on the NPP system and human error is
required. Often, this involves the necessity for a Human Factors consultant,
specializing in HRA, to train one or more in-house technical personnel to carry
out the analysis.
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WORKLOAD ANALYSIS

This is an area in human factors which is still in its infancy. The ability to
analyze and especially to predict operator workload is an extremely difficult
endeavour. In nuclear power plants, mental workload analysis (WLA) is of great
importance when designing and developing software and equipment.

Mental WLA requires significantly more planning and investigation than physical
workload. The various models as described in the general summary range from
simple time line analysis to complex differentiated attentional demand models.
Ironically, each measure has been validated or refuted in one study or another.

In some cases, analyzing identical tasks with two different models of mental
workload could indicate completely different results. This contradiction has
indicated to researchers that it is more important to address the questions to
be asked in detail before choosing the WLA method.

Therefore, to achieve valid results, the practitioner must define the nature of
the tasks being analyzed (psychomotor, spatial, verbal, visual, auditory, etc.)
as well as the nature of the question with respect to the answer. O'Donnel &
Eggemeier (1986) recommend that these five criteria be used for selecting
workload analysis (WLA) techniques :

1. Sensitivity
2. Diagnosticity
3. Primary Task Intrusion
A. Implementation Requirements
5. Operator Acceptance

For example, mental WLA using primary task measures, such as frequency of error
or response time, can be very useful for applications where the operator is
involved in one activity only and cross-comparison to other tasks are not
necessary. If, in reality, the operator must perform more than one function
simultaneously, resource demand theory based models may be more suited. As well,
if a new computer interface is designed, and the human factors specialist wishes
to determine which design produces the greatest mental load, the existing system
will have to be re-evaluated with a different WLA technique.

To further complicate matters for the human factors specialist in the NPP, most
of the WLA research has been done in the military environment. Here, most of the
tasks analyzed contain some element of tracking such as flying a helicopter
around obstacles. These are often skill or rule-based activities which are not
common in modern NPPs. Knowledge-based tasks, such as reasoning, remain
virtually untouched by experts in the field.

One tool which is being developed for knowledge-based tasks, but shows promise
as an effective analysis aid, is PROCRU. It is a human performance modelling
tool which can be used to predict mental workload for skill and rule based
activity.



D16

Physical workload analysis is somewhat easier to measure and results may be more
valid, however even biomechanical, physiological and psychophysical measures are
subject to debate depending on the application. The wide range of physical
workload measures will not be discussed in this section since they are discussed
in the context of workstation or worksite analysis.

Physiological measures of mental workload have certain advantages, though they
are not discussed in detail or recommended at this time. According to O'Donnell
and Eggemeier (1986), physiological measures can be very sensitive,
discriminating levels of capacity expenditure in non-overload conditions. Some
techniques have diagnostic abilities to determine which resources are being taxed
significantly.

These physiological measures have been known to be intrusive to some degree. It
can be expected that the presence of large, sophisticated equipment may affect
operators psychologically or physically by reducing mobility. Often
implementation of such techniques requires a mock-up (laboratory conditions).
Although operators (subjects) may not require special training for analysis as
other subjective or performance based measures do, the level of expertise of the
evaluator must be extensive and very specialized. The equipment used can be very
complex, prone to error in the hands of inexperienced personnel. This equipment
is also often very expensive. It is therefore recommended that physiological
measures be considered as a last alternative for situations where no other method
can obtain satisfactory information.

2. Cooper-Harper Scale

REFERENCE : O'Donnell, Col. R.D. & F.T. Eggemeier (1986) in Boff, K.R. ,
L. Kaufman, & J.T. Thomas. Handbook of Perception and Human
Performance : Volume II Cognitive Processes and Performance.
Toronto : John Wiley & Sons.

ABSTRACT :

The Cooper-Harper Scale or one of its variations is the most widely used rating
procedure for workload. This scale has been used primarily to measure pilot
workload, and was designed by Cooper and Harper (1969) for use by test pilots.
The technique has proven to be a good sensitive measure of workload and
improvements (Wolfe, 1978; North et al., 1979) have increased the technique's
sensitivity. However, the technique does not allow the identification of sources
of workload. The Cooper-Harper scale has been adapted to allow the measurement
of workload in information-processing tasks, though these are still tasks that
are related to flight activities.

APPLICABILITY :

The technique requires further modification before it can be used for control
room tasks or fault diagnosis tasks.
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PRACTICALITY :

The method is relatively easy to use, requiring a minimum amount of expertise and
training to administer. However, human factor expertise would be required to
make the initial modifications to the scale for use in NPPs.

Cost of applying this method is moderate to low, depending on the scope of the
analysis.

2. University of Stockholm Scale

REFERENCE : O'Donnell, Col. R.D. & F.T. Eggemeier (1986) in Boff, K.R.,
L. Kaufman, & J.T. Thomas. Handbook of Perception and Human
Performance : Volume II Cognitive Processes and Performance.
Toronto : John Wiley & Sons.

ABSTRACT :

This subjective measure of workload has been used to rate perceived difficulty
and perceived effort on cognitive tasks relevant to modern NPPs. The scale has
been used to assess the difficulty of intelligence items involving reasoning,
spatial ability, and verbal comprehension.

APPLICABILITY :

This method can be used in the design phase and during operation because of its
relative simplicity. To date, it has only been applied to intelligence tests.
However, considering that other WLA methods have not been tested on reasoning
tasks, this could still be a good measure for supervisory control tasks.

PRACTICALITY :

Obtaining operator perception of workload often does not require an excessive
amount of time and resources. All that is necessary is experienced operators to
rate the tasks reliably.

3. Magnitude Estimate Technique

REFERENCE : Bratfisch, 0. (1972) Experienced intellectual activity and perceived
difficulty of intelligence tests. (Report No. 30). Stockholm;
University of Stockholm, Inst. of Applied Psychology.

ABSTRACT :

This technique is a psychometric approach to workload measurement. It allows the
collection of interval data (ie. actual scaled measurement) rather than the
ordinal data (ie. ordered classes) collected using the Cooper-Harper technique.
Hence, more powerful statistical treatments are possible and the measurement of
the interactive effects of variables on workload is made possible. Subjects are
given a standard task and told that its rating is a given number representing its
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level of difficulty (e.g. "10"). The subjects are then asked to perform other
tasks and to rate these task? for level of difficulty compared to the standard
task. The technique provides accurate data that has shown a strong association
to comparable objective data on workload. Application to the operational
environment may be difficult since it is likely that the standard task would have
to be repeated before every comparative task.

APPLICABILITY :

This technique can be used in XPPs to assess cognitive demands on personnel. It
would be best applied in the design phase, with some application possible in
other system lifetime phases depending on the time availability of the subjects.
PRACTICALITY :

Although more complicated than the original Cooper-Harper technique, it is still
easier and less expensive to use than some other WLA techniques. However,
multiple comparisons to the standard tasks may require significantly more time.

The method is specially developed to allow advanced statistical analysis,
therefore may require more than the minimum expertise for completion.

4. Paired Comparisons and Equal Appearing- Intervals

REFERENCE: Daryanian, B. (1980) Subjective Scaling of Mental Workload in
a Multitask Environment. Unpublished Master's Thesis,
Massachusetts Institute of Technology.

ABSTRACT:

This technique requires that the subject determine which task in a pair of tasks
demands the greater workload. Different pairs of tasks can be examined. Each task
must be compared against all other tasks in order to develop the scale. This
means that as the number of tasks increase, the number of trials increases even
more. With 30 tasks examined the number of trials required grows to 435. The
equal-appearing interval technique is very similar in principle.

APPLICABILITY:

This subjective measure of workload can be used in the design phase of a N'PP.
It is most applicable to measuring a set of tasks. Workload of a task is
evaluated relative to all other tasks in the set. If the object of the WLA is
to determine which task has a greater workload relative to other tasks, this may
be an appropriate measure. However, it is difficult to make predictions with the
data obtained regarding operator performance if more than one task is being done
simultaneously.

PRACTICALITY:

The measure is moderately difficult to use. The subjects need only report which
task in a pair demands a greater mental workload. However, the number of
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comparisons needed for each subject to test the set of tasks can be excessive.
The financial, personnel and time requirements may be too great to be practical.

5. Subjective Workload Assessment Technique (SWAT)

REFERENCE : Reid, G.B.. Shingledecker, C.A., Nygren, T.E. (1981)
Development of multidimensional measures of workload. Proc. of
IEEE International Conference on Cybernetics and Society.
Atlanta; 403-406.

ABSTRACT :

Subjective Workload Assessment Technique (SWAT) - This technique combines time
load, mental effort load and stress load as a measure of workload. Each component
of the combined workload measure is obtained by a scaled rating of three classes
(TIME, MENTAL EFFORT, STRESS) (e.g. for the TIME component l=lots of free time;
2=occasionally have free time; and 3=almost never have free time). The method
works well if a primary and secondary task are run in conjunction.

The technique is easy to administer and requires about 1 hour of a subject's
time. The main drawback of the technique is its inability to provide information
about which tasks contribute to the workload measure.

APPLICABILITY :

The SWAT method has been applied in a number of environments and can be used in
NPPs. The most efficient use of resources would occur if the analysis was
performed during the design phase, although the methodology is simple enough to
be performed in the field for design modification.

The data resulting from analysis has interval properties which allows for
comparison. However, the three point rating scale, while making the evaluation
relatively simple, also limits evaluation sensitivity. Another reported drawback
of the method is relatively low between-rater reliability. As well, it does not
provide information about which tasks contribute to the workload measure.

PRACTICALITY :

Subjective rating methods are often simpler than performance methods. Data
collection is easy and requires about an hour of the subject's time. Yet, the
sorting process required after data collection can be time consuming.

Experts are not required for administration of this method.

Costs of the this method are moderate.
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6. Prinury Task Measures

REFERENCE : Williges, R.C. and Wierville, W.W. (1979) Behavioral measures
of aircrew mental workload. Human Factors, 21; 549-574.

ABSTRACT :

A Single Primary Task Measure - This technique examines an single aspect of task
performance such as number of errors or speed of performance as an indicator of
workload. This approach is best suited to determining workload based on errors
made and the amount of time taken to complete tasks. This type of approach allows
the comparison of equipment designs where increased information flow, increased
number of displays or display components are increased in number etc. Such
comparisons can show where the design degrades performance (more errors or longer
execution times), presumably because workload is increased, as a function of the
higher information loads.

Multiple Primary Task Measure - This approach is the same as the single primary
task technique except that more than one performance variable is measured
concurrently. If care is taken to choose performance variables, results can be
very useful for making design decisions, based on a workload measure that is
reflective of more than one performance variable. This may provide more
enlightenment as to which feature of the equipment is most likely the cause of
the degradation in performance.

APPLICABILITY :

This performance technique can be used in any phase of a system lifetime because
of its simplicity. The data obtained from the analysis (error rates, response
time, etc.) is easily interpreted and applied to improving the process.

PRACTICALITY :

This method is the simplest performance technique available. Analysis can be
done using existing data on operator errors or search times from simulators or
in real life performance to same time and money. Naturally, cost will increase
depending on the application such as testing prototypes using simulators.

Relatively little expertise is required in administering the analysis.
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7. Secondary Task Measures

REFERENCE : Wickens, C. (1984) Engineering Psychology and Human
Performance. Glenview; Scott, Foresman.

ABSTRACT :

This technique is similar to primary task measurement, with the addition of a
secondary task to induce the workload effect. A second task is performed
concurrently with a primary task that is the focus of workload measurement. The
secondary task performance is measured directly, and degradation in this
performance indicates higher levels of workload attributable to the primary task,
where the primary task is carried out in differing conditions. The degradation
in the secondary task is considered a result of the subject using more of his/her
spare or reserve processing capabilities on the primary task as the conditions
change (task becomes tougher due to increased information to process etc.).

APPLICABILITY :

Secondary Task Measurement methods can be used to measure mental workload of
various NPP operations. WLA information can be applied in all phases of the
system lifetime, but it would be most practical to do such testing during design
rather than in operation. It would be difficult to conduct this type of analysis
in the field, therefore the information is more theoretical in nature compared
to primary task measures.

It is also possible to make comparisons between primary tasks when the same
secondary task is used.

PRACTICALITY :

The secondary task and performance measures must be chosen carefully to reflect
resource demand on the operator. Recent studies seem to support the multiple
resource model for human attention and performance, therefore secondary tasks
should reflect the primary task's features (psychomotor, spatial, verbal,
sensory, knowledge-based, etc.). This could require considerable time, cost and
expertise for planning, administrating and interpreting the tests.
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TRAINING ANALYSIS

The training analysis methods reviewed here consist of two training guides (Craig
and Goldstein) and one structured approach to training.

Other documents which were not available at the time of this project, but which
may be of value to AECB include :

Systems Approach to Training for U.S. Nuclear Regulatory Commission in Persensky,
J.J. (1984) Development of a Training Regulation for Nuclear Power Plant
Personnel, in Mital, A. (1984) Trends in Ergonomics/Human Factors. Elsevier
Science Publications B.V. (North-Holland)

NAVEDTRA 110A (1981) Procedures for Instructional System Development. Report
0502-LP-000-5510. Department of the Navy, Chief of Naval Education and Training,
Pensacola, FL, 18 September 1981.

Booher, H.R., ed. (1990) MANPRINT : an approach to systems integration, U.S.
Dept. of the Army. New York : Van Nostrand Reinhold.

REFERENCE : Craig, R.L., editor (1976) Training & Development Handbook :
A guide to human resource development. 2nd ed. for The
American Society for Training and Developaient. McGraw-Hill
Book Co., Toronto.

ABSTRACT :

"This handbook is not a theoretical treatise or a compilation of generalities.
Rather, it is a basic nuts and bolts guide on a practical level. Its how-to-do-
it coverage ranges from how to select staff, facilities, t-quipment, to such
sophisticated methods as role playing, gaming simulation, and computer assisted
instruction."

This is a comprehensive text on training and development. It contains pertinent
information regarding the basics of training system development as well as
covering the finer points such as management, budgeting & cost control, job
enrichment and redesign.

APPLICABILITY :

This document contains a collection of methods to be used fcr various training
and development activities. Many of these methods can and should be applied when
developing, conducting, or evaluating a training system of any kind. However,
since the text is written by a collection of over forty authors, not all of the
information is written within the context of the same training model.

If it is up to the user to design a training system for his/her industry based
upon their resources, development of a detailed training program can be
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facilitated by the description of training methods, environment, and evaluation
alternatives presented in the text.

Another shortcoming of this document is the fact that it is quite dated in terms
of technological training tools such as computer simulators which are very
important in process control industries.

The methods contained in this document can be applied throughout the system
lifetime phases of a NPP.

PRACTICALITY :

The financial and personnel resources required for training will vary. If
specialized task analyses need to be performed as a part of the needs assessment,
cost will certainly increase.

The methods described here are best utilized by a human resources professional,
however, this document can still be very useful for the human factors
practitioner or project manager.

The information is very practical in nature. However, it does not lend itself
well to a systems design approach which can be used by engineers.

COMMENTS :

This document is sponsored by one of the most recognized sources of training
information, the American Society for Training and Development. The information
and methods are very practical. However, this text (similar to Goldstein's) does
not provide an approach which can be specifically and directly applied to NPPs.
Systems approaches such as Meister and Persensky are best used for design and
development. When conducting and evaluating a training system, this material
will be better applied.

Other texts which provide more information on simulators, such as Zanabetti
(1989) should be used. The American Society for Training and Development has
published another book dealing specifically with the evaluation of job related
training (Deming, 1982) which can also be useful.

Deming, B.S. (1982) Evaluating Job-Related Training : a guide for training the
trainer. Prentice-Hall, Washington, D.C. & American Society for Training and
Development, Englewood Cliffs, N.J..

This is a practical guide for those directly involved in the evaluation of
existing training programs. It covers such topics as training program
objectives, criterion-referenced-testing, instructional models, cost-benefit
analysis of training, and forecasting future training requirements.
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Zanabetti, D. (1989) Power Station Simulators. New York : Elsevier.
This text contains mostly technical information, but can be referred to

when choosing a simulator system for use as a training tool. The contents
include technical descriptions of various types of simulators, a list of
simulators and training centres throughout the world, as well as a description
of problems with simulators.

REFERENCE : Goldstein, Irwin L. (1986) Training in Organizations : Needs
Assessment. Development, and Evaluation. 2nd ed. Pacific
Grove, CA: Brooks/Cole

ABSTRACT :

Goldstein describes a training system involving a needs assessment phase, a
training-development phase, and an evaluation phase. Although it is presented
more as a guide for training program development, the framework can be used for
comparative evaluation of any training program. This systematic approach to
training involves preliminary analysis of the organization, task, knowledge,
skill, ability and person. It stresses the importance of choosing and optimizing
the learning environment. The evaluation process described is very thorough and
systematic.

APPLICABILITY :

The information contained in this text is not directly applied to high tech
industries. However, much of the material can be generalized to any application.
The book is not written in a "cook book" form. It is up to the user to design
a training system for his/her industry based upon their resources. Development
of a detailed training program can be facilitated by the description of training
methods, environment, and evaluation alternatives presented in the text.

PRACTICALITY :

As mentioned, the document is not a guidebook designed specifically for the
nuclear industry. Therefore, more time and responsibility is required by the
user to develop a training system (or training system evaluation). If each
nuclear facility were to design their own training system, individual plants may
then offer outstanding tailor-made training programs for their personnel. On the
other hand, some plants may have designed unsatisfactory training systems. With
so many different programs, effective regulation by AECB would be very difficult.

Standard approaches and methods may be required. It is recommended that a
specific method of training system design and analysis be used in all facilities.
This text should only be used as a tool for designing and assessing minor plant
specific variations in a standard generic training system.
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COMMENTS :

Additional information regarding Goldstein's text can be found in the general
summaries in the third progress report. Goldstein's text is comparable to the
Training and Development Handbook by Craig (also in reviewed in this report).
Both are good sources of information, but neither prescribes any particular
method. Other documents, such as Meister, should be referred to first for a
general approach to training.

REFERENCE : Meister, David (1985) Behavioral Analysis and Measurement
Methods. John Wiley & Sons : Toronto.

ABSTRACT :

Chapter 6 of Meister's book describes the procedures for the Instructional System
Development (ISD) used by the US Navy. The training analysis system is
incorporated in a structured, five function approach : analyze, design, develop,
implement and control. These functions are broken down into 19 blocks detailing
the systematic progression of analysis from analyzing the job to revising the
system.

APPLICABILITY :

ISD has proved effective for development and analysis of training systems for
high-tech jobs. It can be easy implemented in the nuclear industry.

Personnel training is important in all phases of a system lifetime. Training
requirements should be considered during design of system hardware and software.
As well, this system can be ideal for reassessing the training system during the
operation phase.

The ISD is a very practical method. Other books or guides often supply the user
with more theoretical background than may be necessary or desired.

PRACTICALITY :

Since the components of the system are presented in a complete and structured
form, cost and complexity of system development can be less than using methods
that do not incorporate a specific model.

The method is presented at a level that anyone from operators to designers could
comprehend and contribute to. A high degree of expertise may not be required for
implementation of the system.

COMMENTS :

The information presented in Meister's text must be supplemented, especially for
designing a training system for a new facility. Alternative methods and
additional information contained in sources such as Craig or Goldstein would
prove very useful in this case.
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WORKSITE ANALYSIS

Methods of worksite/workstation analysis presented in the summaries section are
general and do not require detailed description. Much of the information
discussed in the Evaluation and Test section, the Work Load Analysis (physical)
section and Human Factors Systems Analysis section is directly applicable to
general evaluation of workstations.

A wide variety of methods are available for workstation/worksite analysis. With
handbooks such as MIL-HDBK-759A, DOD-HDBK-763, Grandjean (1985), and EPR1 NP-
3659, and Ivergard (1989) can help guide the practitioner through a systematic
evaluation of equipment, facilities, tools, etc.
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TASK ANALYSIS

Two kinds of tasks analyses are reviewed in this document. N"UREG/CR-337i and
Moray et al are the more traditional task analyses, focussing on observable
elements of tasks. The hierarchical task analysis is similar, but is operator
goal oriented. The remaining analyses are cognitive task analyses. Although
they are based upon physical tasks analysis, cognitive task analyses attempt to
infer the information processing activities that are associated with a particular
action (or in-action).

REFERENCE : Baber, C. & Stanton, X. (1990) Task Analysis for Error
Identification : Towards a methodology for identifying human
error. in Lovesay, E.J. (ed.) Contemporary Ergonomics -
1990. Proc. of the Ergonomics Society (U.K.). Xew York :
Taylor & Francis

ABSTRACT :

This methodology is based upon a simple model of "human error in action", and
combines task analysis descriptions of human operators with state - space diagram
descriptions of system components, to give an account of operator system
activity. Rather than provide quantification of human error, this method
uncovers potential causes of human error. This is done by explicitly mapping
human activity onto system states. The methodology provides recommendations for
the reduction of error by design.

APPLICABILITY :

This method of task analysis was developed primarily for human error reduction.
Conventional human reliability analyses have been developed to quantify human
error for probabilistic risk assessments, which often fail to identify crucial
sources of potential error. Illegal transitions between system states are first
identified. Slips or mistakes associated with these illegal transitions can then
be defined as impossible or possible. Possible errors are then designed out of
the system.

PRACTICALITY :

The Hierarchical Task Analysis (HTA) is required for any training, reliability
or task analysis, therefore this component does not involve excess demand on
design and development resources. System-Space Diagrams (SSDs) are required for
each system activity for a comprehensive analysis and can be time-consuming.
This analysis can be simplified by analyzing modules or sub-systems individually.
Since the primary purpose of the method is to identify root cause, not error
probability, it may be a preferred method of analysis.
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COMMENTS :

This is a novel approach to task analysis, and the authors admit that the method
is in its infancy. It is unclear how a cognitive task analysis can be
incorporated into the methodology.

Predictive or prescriptive task analyses can be used with the SSD to determine
potential sources of error.

REFERENCE : Meister, David (1985) Behavioral Analysis and Measurement
Methods. John Wiley & Sons : Toronto.

ABSTRACT :

Chapter 2 of Keister's book describes task analysis (TA) as a component of a
larger process which includes Mission Analysis, Determination of Functions,
Function Allocation, Task Description /Identification, and finally, task
analysis. Meister suggests that TA data can be gained from reviewing system
documentation or by observing/interviewing personnel in similar jobs, but does
not recommend either approach to be used exclusively.

APPLICABILITY :

TA is one of the most important human factors methods in process control
industries. It provides the source of information for many other methods such
as training analysis, human reliability analysis, and maintainability analysis.

The systems approach to task analysis can be applied in all lifetime phases of
XPPs. However, it is not structured specifically for control room tasks like
NUREG/CR-3371 or the Moray et al (1985) method. Rather, it is a basic framework
which can be adapted to answer different questions regarding training, job
design, manning, or test and evaluation.

PRACTICALITY :

The ease and cost of applying Meister1s Function/Task Analysis will depend
largely on the purpose of the analysis and the method of data collection. The
fact that relatively more planning is required for Meister's method may increase
personnel costs. However, a well designed analysis may reduce long term
financial and personnel demands.

REFERENCE : Burgy, D., C. Lempges, A. Miller, L. Schroeder, H. Van Cott,
B. Paramore (1983) NUREG/CR-3371 Task Analysis of Nuclear
Power Plant Control Room Crews. Vol. 1 & 2. U.S. Nuclear
Regulatory Commission.
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ABSTRACT :

The task analysis methodology used in the project is discussed and compared to
traditional task analysis and job analysis methods. The objective of the project
was to conduct a crew analysis that would provide data for evaluating six areas
: (1) human engineering design of control rooms and retrofitting of current
control rooms, (2) the number and types of control room operators with requisite
skills and knowledge, (3) operator qualification and training procedures, (4)
normal, off-normal, and emergency operating procedures , (5) job performance aids ,
and (6) communications. The data collection approach focused on a generic
structural framework for assembling a multitude of task data that were observed
and recorded within the context of an 'operating sequence'.

APPLICABILITY :

This method was developed and tested in the nuclear industry. Task analysis
information is needed in all system lifetime phases. However, this descriptive
and prescriptive analysis may not be as useful in today's more modern facilities
since cognitive tasks can not be analyzed using this method.

PRACTICALITY :

The detailed, structured approach presented by Burgy et al. makes analysis
simpler than other approaches which are not so well developed.

To obtain useful data with this method, a relatively large amount of personnel
resources must be utilized to perform Tabletop Task analysis and interviews,
videotaping, etc. on-site. This cost can be recovered when a database of tasks
can supply trainers, maintenance, and reliability engineers with the TA data
necessary to perform the different analyses.

REFERENCE : Moray, N.P., J.W. Senders, W. Rhodes (1985) Task Analysis
Methods Applicable to Control Room Design Review. AECB
research report 84.1.25

ABSTRACT :

This document contains five products which may be used by AECB in relation to
Task Analysis of jobs in CANDU nuclear power plants:

1. a detailed method for preparing a task analysis;
2. a Task Data Form for recording task analysis data;
3. a detailed method for carrying out task analyses;
4. a guide to assessing alternative methods of task analyses, if such

are proposed by utilities or consultants
5. an annotated bibliography on task analysis

Moray et al evaluate three published task analysis techniques : Burgy et al.
(1983, NUREG/CR-3371), INPO-83-046, DOE/EP-0095. The authors recommend a TA
method of their own which is both prescriptive and descriptive.
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APPLICABILITY :

This document was produced for AECB and is directly applicable to all
lifetime phases of a NPP.

PRACTICALITY :

Since the method is presented with detailed description of TA steps, including
forms for data collection, it may be easier to use than Keister's general method.
However, the user is not restricted to this specific method since sufficient
background information is given to modify the analysis or to evaluate alternative
methods.

The authors explain that "TA is certainly costly." It should be carried out by
trained personnel. However, the cost effectiveness of any TA can be improved if
the analysis is performed in the design stage so the system can be designed
without obvious and costly flaws, requiring expensive modifications in the
future. Development of a database of tasks will also make future analyses more
efficient.

It is also true that task analysis data must be collected for training manuals
and development of procedures. Hence, the overall cost is lower if all users
support the TA effort.

COMMENTS :

The authors address cognitive task analyses in the context of supervisory
control applications, however the description is very brief. It is recommended
that alternate methods such as Bainbridge, Rasmussen or Roth and Woods (also
reviewed in this document) be used for analyzing cognitive tasks such as
monitoring or diagnosis of system states. >5oray et al state that for cognitive
tasks, descriptive analyses are virtually useless since information processing
does not involve any recordable action. At the very most, eye movement or key
strokes can be recorded. Prescriptive analysis may allow the analysts to infer
the path of thought processes used to diagnose a particular situation.

REFERENCE : Hodgkinson, G.P. & CM. Crawshaw (1985) Hierarchical Task
Analysis for Ergonomics Research. Applied Ergonomics, 16, 289-
299.

ABSTRACT :

Hierarchical Task Analysis (HTA) was developed to assist in designing of training
programs in process control industries in 1971. A HTA explicitly describes the
units of activity an individual performs during a task, their sequencing and any
decisions that need to be made during the task performance. The main form of
representation in HTA is a graphical tree for the hierarchy of goals. This
frequently includes the description of plans indicating the ordering and
selection of sub-goals. An additional tabular format may be included giving
textual descriptions of goals, plans and associated information.
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APPLICABILITY :

Like all task analyses, HTA can be used in all phases of NPP lifetime. This
method provides general purpose task description which has uses in interface
design, reliability assessment, and training analysis. Since the information is
based upon operator goals, as opposed to strictly event sequences, it is an idea]
method for cognitive task analyses.

PRACTICALITY :

HTA is easy to learn to use by non-specialists (Carey & Walley, 1990) and is
readable by non-specialists for validation and quality assurance. However, the
charts and tables can be difficult to generate and modify compared to simpler
text based representations. Cost can be considerable, especially for initial
generation of graphical trees.

However, many other human factors methods are based upon hierarchical task
analysis, such as: cognitive task analysis and Baber and Stanton task analysis
for human reliability analysis. The cost to human factors of HTA usually can be
reduced since this method is employed in other areas.

COMMENTS :

The source documents for this method do not offer as much detail as do NUREG/CR-
3371, or Moray et al, but this method is referenced often in the context of
several cognitive task analyses, therefore it is important in light of
technological changes in NPP to include this method.

Other sources referenced for information on HTA include :

Stammers, R.B. & J.A. Astley (1987) Hierarchical Task Analysis : Twenty Years
On. Contemporary Ergonomics - 1987.

Carey, K. & S. Whalley (1990) Cognitive Task Analysis Techniques in the Design
and Evaluation of Complex Technological Systems, in Comer, P. (ed.) 11th
Advances in Reliability Technology Symposium. New York : Elsevier Applied
Science.

REFERENCE : Rasmussen, J. (1986) Information Processing and Human-Machine
Interaction : An approach to Cognitive Engineering. New York
: North-Holland.

ABSTRACT :

Rasmussen describes a framework for a cognitive task analysis based on his skill-
rule-knowledge model. Tasks must be identified as either skill-, rule-, or
knowledge-based.

Skill-based tasks are characterized by an instant release of present response
following activation (ie. detection of need for action).
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Rule-based tasks are short-cuts through knowledge information processing.
Stimuli form recognizable patterns which require a particular action to correct
the present state of the system.

Knowledge-based tasks require that the operator observe relevant data and
identify the current state of the system. Performance criteria are then
evaluated and a performance goal is set. The task is planned and executed to
meet the intended goal.

APPLICABILITY :

The cognitive task analysis can be applied to nuclear power plants, especially
in a supervisory control setting where the operator's thought processes are as
important, if not more important, than the description of the physical activity.
However, in most instances, the method of analysis does not reflect the
operator's thought processes as it describes a sequence of "states of knowledge"
representing what the operator knows about the operating conditions of the plant
and about their task performance.

PRACTICALITY :

Although any cognitive task analysis is more difficult than a simple descriptive
analysis of the physical tasks, Rasmussen's cognitive TA can ranks above all
others in difficulty. The book was not written specifically to prescribe details
for a cognitive task analysis, only the framework. This framework may be a
sufficient base for the development of a complete, detailed approach to cognitive
TA, but only if considerable time and effort is applied to transferring the model
into a practical form ready for data collection in the field.

The cost of a cognitive task analysis can be considerable since it must include
the physical information from a basic task analysis. Using Rasmussen's framework
w •••, ?d require more development time by the human factors specialists or cognitive
ps;. otologists.

REFERENCE : Roth, E.M. & D.D. Woods (1989) Cognitive Task Analysis : An
Approach to Knowledge Acquisition for Intelligent System
Design. in Guida, G. & C. Tasso (eds.) Topics in Expert
System Design. Elsevier Science Publications.

ABSTRACT :

This article discusses issues in the design of intelligent systems from a
cognitive engineering perspective. Within the document is a brief description
of a descriptive cognitive task analysis (CTA) used as the basis for intelligent
system development.

According to Roth & Woods, building a cognitive representation of a complex
system should start with goal-directed analysis. This defines a problem-solving
environment. The next step should include performance modelling to describe
ineffective strategies that lead to poor performance as well as adaptive
strategies that have been developed by skilled or "expert" practitioners to cope
with task demands.
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A two phased approach for gathering information is recommended. The initial
phase involves a preliminary cognitive description of the task to guide further
analysis. This is obtained though interviews with 'domain experts' and
examination of existing documentation on the tasks. The second phase relies more
on observation and analysis of performance. An expert panel can be used to
develop solutions to problems (ie. instances where the human operator could
benefit from machine intelligence).

APPLICABILITY :

The method described in this document is best applied in situations where new
intelligent systems are being developed based on existing human-controlled
systems. NPPs which undergo modernization could benefit from this method. The
authors seem to stress descriptive analysis of operator activity rather than
prescriptive, which may result in important rare processes being overlooked.

PRACTICALITY :

Since the method as presented here is not highly structured, implementation may
be relatively difficult. A considerable amount of expertise is required in
gathering and analyzing data. Financial and human resources may be high since
the method involves a Hierarchical (goal-directed) Task Analysis as well as
performance modelling. Obviously, if these have already been done as a part of
other analyses, cost can be moderated.

REFERENCE : Bainbridge, L. (1989) Cognitive Task Analysis for Process
Operations : A model of cognitive processes, and its
implications (in print)

ABSTRACT :

In this document, Bainbridge presents a summary of process operators' typical
cognitive activities as well as making brief recommendations for Cognitive Task
Analysis (CTA), and its implications for training and interface design.

Bainbridge explains that a CTA begins with a Hierarchical Task Analysis (ie. a
physical description of the task, goals, and the sequence of sub-tasks or sub-
goals). The actual CTA is broken down into the four following steps.

a) Assign each sub-task in an HTA to one of the following categories (1-5):
1. Tasks beginning a shift, batch, or new phase in a process
2. Fault management, diagnosis and operation using unusual methods, or by
following written procedures
3. General items, such as criteria for operation, or methods of working,
which apply all the time
4. Sequencing of events, particularly the operating procedures used during
start-up, shut down, or changing from one phase of a batch process to
another
5. Operating (particulary controlling) a particular part of the process.
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b) Assign each sub-task to one of the sub-groupings within the main section
to group tasks which from the operators point of view "go together" or
require the same thinking processes.

c) Check for the completeness of the HTA by ensuring that each of the
cognitive sub-categories contains a sub-task

d) Check that for each of the categories of cognitive activity, the operator
is given the required information and is trained in the back-up knowledge
required, and strategies needed.

APPLICABILITY :

This cognitive task analysis was developed for process control industries.
Applications for this analysis can be found throughout the system lifetime phases
of a NPP, especially in design. By categorizing sub-tasks in terms of the
frequency of occurrence, the most vital operations, such as shut-down, are
highlighted. Descriptions of cognitive categories take into account tasks
requiring active participation in process control as well as a supervisory tasks.

PRACTICALITY :

Compared to Rasmussen, this is a more structured approach. The method structure
and style of presentation make this an easier approach to cognitive task
analysis. Considerable technical and professional expertise may still be
required to perform this analysis, yet the personnel requirement should be less
than that for other CTAs.

COMMENTS :

The document review was the second revision of a document being submitted for
publication. Therefore, the descriptions were not clear in every case; however,
the majority of the concepts and methodology were easy to follow. The method is
in its infancy (as are most CTAs), yet its simplicity and the applicability of
the data produced by this CTA make this a useful tool even now.
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