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Foreword

Ergonomics is the discipline concerned with interactions among humans and other elements of a system (the term ‘system’ is intentionally
vague and ranges from simple tools to complex sociotechnical structures). As a science, ergonomics is relatively young; however, the
underlying ideal, human-centred technology, has played a pivotal role in the evolution of human society from its very start. The use of
stone tools by homo habilis, over two million years ago, represents the dawn of ergonomics as an artform. Throughout the history of
civilization, technological innovations were motivated by fundamental human aspirations for security, prevalence and self worth, and by
problems arising from human-system interactions. In the 20" century, ergonomics emerged as a formal science in its own right, though
it continues to be taught as part of other faculties such as engineering or psychology. Although it has been referred to as the science of
work, ergonomics, in its broadest sense, is concerned with all forms of human activity. The application of the scientific method to the
development of theory, principles and data relevant to design has had enormous impact on the reduction of user error, improved
performance, reduction of occupational injuries and worker discomfort, increased usability and safety of computer systems and consumer
products.

Today, profound changes are taking place that touch all aspects of our society: changes in the nature of work and play; changes in
global commerce and communication; changes in science and technology; and changes in population migration and world demographics.
These changes cannot but influence the future course of ergonomics since they relate to how people interact with technology in an
increasingly dynamic and complex world. More importantly, they beckon ergonomics to play a more direct and vital role in shaping the
society of the future.

An encyclopedia of ergonomics and human factors is crucial to the further development of the science and its applications. It serves
to inform practitioners, educators, students and researchers in the field. Aswell, it is a useful resource for those not directly involved with
ergonomics, but who want to understand one or more aspects of human—system interactions. It is a foundation of knowledge that serves
all who have an interest in the field.

Preparing an encyclopedia in any discipline is a daunting task; preparing one in ergonomics and human factors is heroic. Part of the
reason is that ergonomics is a very broad field, whose scope includes physical, cognitive, and organizational topics. Moreover, although
the science of ergonomics is differentiated from other disciplines by the fact that it is concerned exclusively with the design of human-—
system interactions, it relies heavily on knowledge from related fields such as psychology, physiology, engineering, medicine, sociology,
anthropology and kinesiology. That is, in addition to knowledge content unique to ergonomics, researchers and practitioners routinely
apply knowledge from the relevant biological, behavioural and engineering sciences. It is clearly not possible for an encyclopedia of
ergonomics to cover all of the related disciplines whose theories and data it borrows, adapts, and extends. Yet, it is similarly not practicable
to exclude content from related sciences that is central to an understanding of human interactions with technology. The editors have,
therefore, had to make difficult decisions about what to include and what to exclude in their effort to make the encyclopedia as comprehensive
and informative as possible. They have clearly attained this goal in this unprecedented volume.

Another challenge that faced the editors was the fact the ergonomics is continually evolving. As an applied science, ergonomics
evolves with technology and economic diversification. By necessity, an encyclopedia such as this reflects current directions and state-of-
knowledge. Brian Shackle has identified the major thrusts of ergonomics applications in the 20™ century as: military ergonomics,
industrial ergonomics, consumer product ergonomics, human—computer interaction and software ergonomics, and cognitive ergonomics
and organizational ergonomics. To this, Martin Helander has suggested adding eco-ergonomics as the main thrust of the first decade of
the 21% century. The editors of this encyclopedia, have, therefore, had to strike a balance between covering the theoretical and methodological
underpinnings of the field and elaborating topics closely aligned with major applications. Again, the balance achieved provides a rich
scientific and technical resource yet one that retains strong relevance to practitioners.

Producing the first edition of an encyclopedia is unquestionably the most challenging for obvious reasons. Future editions will
undoubtedly build on this work, update it and add significant new knowledge. However, the first edition represents a landmark,
signifying the true coming of age of ergonomics. It is thus a timely and notable contribution to the field.

The editor, authors and the publisher are to be commended for undertaking the arduous task of producing such a fine resource. It
will serve the discipline and profession well into the future.

Y. Ian Noy
President (1997-2000)
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1. INTRODUCTION

The purpose of this chapter is to transfer the human factor design
related criteria developed by US government agencies to non-
government personnel. While many readers are familiar with ISO
(International Standards Organisation), ANSI (American National
Standards Institute) and SAE (Society of Automotive Engineers)
standards, they are not familiar with design standards developed
primarily by military agencies or agencies with a specific focus,
such as the FAA (Federal Aviation Administration) and NASA
(National Aeronautics and Aerospace Administration). Readers
seeking design criteria, principles and practices for use in the
design and development of systems, equipment and facilities will
find these standards useful. Please note that since we have focused
on design-related criteria we did not include guidelines or
regulations developed by agencies such as NIOSH (National
Institute of Occupational Health and Safety) or OSHA
(Occupational Health and Safety Agency).

How are these criteria developed? Essentially, these standards
were developed by committee and represent (1) the best of what
was known at the time of their development and (2) the consensus
arrived at by the committee. In some cases, an arbitrary decision
is required. For example, luminance contrast (C) can be defined
as either (LmaX - me)/me or (LmaX - me)/LmaX. The former formula
produces whole numbers, while the latter formula produces
values between 0 and 1.0. If luminance contrast is to be specified
as design criteria then only one definition is acceptable, and DoD
representatives elected to use the former definition.

The five major documents described here are:

e MIL-HDBK 46855: Human Engineering Program Processes
and Procedures.

e MILSTD 1472: Human Engineering design criteria for
military systems, equipment and facilities.

e Department of Defense (DoD) Human Computer Interface
Style Guide.

e Federal Aviation Administration (FAA) Human Factors
Design Guide (HFDG) for Acquisition of Commercial-off-
the-Shelf-Subsystems, Non-developmental Items and
Developmental Systems.

e NASA-STD-3000: Man-Systems Integration Standards.
Readers may also wish to consult the excellent British Defence
Standard 00-25: Human Factors for Designers of Equipment.
Defence Standard 00-25, is comprised of 13 parts and designed

to “be viewed as a permissive guideline, rather than a mandatory
piece of technological law” (vol. 1, p. 1). The text, written for
designers with a variety of technical backgrounds, includes both
general background information and human factors data. Most
parts include definitions of terms relevant to that specific part,
references and/or related documents, and sources for obtaining
related documents. The 13 parts of this standard were issued
over a period of more than ten years. Interested readers can
download BDS STD 00-25 from the WWW site provided in the
references.

2. MIL-HDBK 46855: HUMAN ENGINEERING
PROGRAM PROCESSES AND PROCEDURES

MIL-HDBK 46855 is a DoD guidance document that describes
the analysis, design and development, and test and evaluation
considerations expected in a Human Engineering (HE) Program.
It describes: (1) the program tasks, (2) the procedures and
preferred practices useful in implementing the guidance and (3)
selected HE methods. The handbook of approximately 300 pages
consists of eight sections.

e 1. Scope: describes both the document in general and its
applicability and tailoring (using selected portions in
developing the HE program for a system under
development).

e 2. Applicable Documents: lists relevant DoD standards,
specifications, and handbooks as well as other pertinent
government documents.

e 3. Definitions: defines the acronyms used in this HDBK.

e 4. Program Tasks: provides general program task guidance
that the system developer can incorporate into the HE
Program Plan. Issues addressed include, among others, risk
management, non-duplication, analyses options, procedure
development, and failure and error analysis.

e 5. Significance of HE for Program Acquisition: describes the
role of HE in systems acquisition, including Human System
Integration (HSI) and Manpower, Personnel and Training
(MPT) implications. The range of HE activities are described,
as well as the value of HE (descriptions of benefits and
problems resulting from the lack of HE are provided).

e 6. HE Procedures for DoD Organizations: describes the HE
responsibilities of the DoD organization acquiring the system.
Descriptions of implementations unique to each service are
provided. Details on program planning, budgeting and
scheduling; preparing the Request for Proposal (RFP);
proposal evaluation; and contract monitoring are also
provided.

e 7. HE Procedures for Contractors: describes the HE
responsibilities of the contractor developing the system. A
listing of HE design standards and guidelines is provided.
Descriptions of documentation (e.g. HE Test Plan, HE System
Analysis Report) required by the acquiring agency are
provided.

¢ 8. HE Methods and Tools: being of ~100 pages, provides
details and references to a wide variety of time-tested
methods. The methods described include mission, timeline,
and workload analysis; diagrams (operational sequence,
decision/action); and checklists, mockups, and mannequin
usage. HE Test and Evaluation methodologies described
include: HEDGE (Human Factors Engineering Design Guide
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for Evaluation), interviewing and questionnaire techniques),
physiological instrumentation, and physical measurement.

¢ Appendix A, Application and Tailoring.

¢ Appendix B, Task Analysis.

¢ Appendix C, Data Item Descriptors (DID).

¢ Appendix D, a matrix that cross-references sections of this
HDBK with relevant DoD documents.

3. MIL-STD-1472 HUMAN ENGINEERING

MIL-STD-1472, provides design criteria, principles and practices
for use in the design and development of military systems,
equipment and facilities. It was originally developed in 1968 and
has been periodically reviewed and updated since. It is currently
undergoing technical revision, and the new version, revision F
should be available some time in 2000.

This standard is supported by two additional documents:
MIL-HDBK-1908A, Definitions of Human Factors Terms (MIL-
HDBK 1908 is currently undergoing revision) and MIL-HDBK-
759C, Human Engineering Design Guidelines. These two documents
provide important supplementary information for practitioners
using MIL-STD-1472. MIL-HDBK-1908A provides standard
definitions for human factors terms to supersede conflicting
definitions in the literature and to eliminate unnecessary overlap.
MIL-HDBK-759C provides additional guidelines and data that
may be useful when designing military systems, equipment, and
facilities. It is organized in sections that correspond with the top
three levels of headings in MIL-STD-1472.

The body of MIL-STD-1472 is structured in five sections:

(1) Scope, (2) Applicable Documents, (3) Definitions, (4) General
Requirements and (5) Detailed Requirements. There is also a
detailed index. Most of the substantive content of MIL-STD-1472
occurs in Sections 4 and 5.

e Section 4: provides high-level guidance about a variety of
topics including functional allocation, human engineering
design, fail safe design, simplicity of design, safety,
ruggedness, nuclear/biological/ chemical (NBC) survivability
and electromagnetic pulse (EMP) hardening. The 16
subsections of Section 5 in MIL-STD-1472E provide detailed
requirements (principles, practices, criteria) concerning the
topic areas described below.

e Section 5.1. Control/display integration: provides guidance
concerning integration issues such as position and movement
relationship, grouping, consistency, and control/display
movement ratios.

e Section 5.2. Visual displays: much of the information about
displays in MIL-STD-1472E concerns displays that are
presented using technologies such as trans-illuminated
displays, legend lights, and signal lights. Only limited
information is provided about displays that are presented
using computer technology. Human factors issues considered
in Section 5.2 include display illumination; information
content, precision, and format; location and arrangement;
coding; scale types and designs; counters; and pointers.

e Section 5.3. Audio displays; includes information about
topics including audio warning signals, verbal warning
signals, speech transmission equipment, speech reception
equipment, and speech intelligibility.

e Section 5.4. Controls: includes information about rotary and
linear controls, about discrete and continuous controls, and

about keyboards, joysticks, trackballs, touch screens and
mice. It also addresses human factors issues including
direction of movement; arrangement and grouping; coding;
and accidental actuation.

e Section 5.5. Labeling: includes both general information
about labeling and specific information about label
orientation and location, label content, qualities of the
information presented (e.g. brevity, stated using familiar
terms etc.), design of label characters and labeling of
equipment.

e Section 5.6. Physical accommodation: generally based on
criteria that are generally stated in terms of percentiles.

o Section 5.7. Workspace design: provides information about
common working postures, about workspace design for
seated and standing operators, and about specific workspace
feature such as stairs, stair ladders, fixed ladders, ramps,
doors, hatches and surface colors.

e Section 5.8. Environment: provides information about
heating, ventilation, air conditioning, illumination, acoustical
noise and vibration.

e Section 5.9. Design for maintainer: includes information
about mounting, adjustment controls, accessibility,
lubrication, cases, covers, access openings and covers,
fasteners, conductors, connectors, test points, test
equipment, failure indications, fuse requirements, printed
circuit boards and designing for efficient handling.

e Section 5.10. Design of equipment for remote handling:
includes information about the characteristics of the
equipment to be handled remotely, feedback, manipulators,
viewing equipment and illumination.

e Section 5.11. Small systems and equipment: provides
information about portability and load carrying; tracking;
and optical equipment and related equipment (e.g. sights,
reticles, binoculars).

eSection 5.12. Operational and maintenance ground/
shipboard vehicles: includes basic information about vehicle
design including information about seating; controls;
operating instructions; visibility; heating and ventilation;
trailers, vans, and intervehicular connections; cranes,
materials handling and construction; and automotive
subsystems.

e Section 5.13. Hazards and safety: includes information about
safety labels and placards; pipe, hose, and tube line
identification; general workspace hazards (e.g. emergency
exits, illumination, thermal contact hazards); general
equipment-related hazards; platforms, electrical, mechanical,
fluid, toxic, and radiation hazards; trainers; and stealth and
covert operations.

e Section 5.14. Aerospace vehicle compartments: contains
limited information about the design of the crew station and
passenger compartments, personnel entrance and exit, and
emergency evacuation.

e Section 5.15. User—computer interface: include information
about data entry, data display, interactive control, feedback,
prompts, defaults, error management/data protection, data
and message transmission, and system response time. It was
not updated during the technical review of MIL-STD-1472E.
For more current information, readers should consult the
Department of Defense Human Computer Interface Style
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Guide, Volume 8 of the Department of Defense Technical
Architecture Framework for Information Management
(TAFIM see below).

e Section 5.16. Visual display terminals (VDT): directs the user
to ANSI/HFS 100 (Human Factors Society) for information
about the use of VDT in office environments. However, VDT
use in other environments is governed by requirements in
this MIL-STD.

4. DEPARTMENT OF DEFENSE (DOD) HUMAN
COMPUTER INTERFACE STYLE GUIDE

The DoD Human Computer Interface (HCI) Style Guide is Volume
8 of the DoD Technical Architecture Framework for Information
Management (TAFIM). This document, of > 300 pages, is an
excellent source for HCI guidelines, which can be traced back to
references. Volume 8 consists of 14 sections that are described
below:

e Section 1. Introduction: the goal of this document is to
provide HCI standardization, i.e. a common framework for
HCI design and implementation within the DoD. It is
intended for use by individuals who determine system
requirements, program managers, system managers, software
developers and application HCI designers. The secondary
audience includes users, software maintainers, and test and
evaluation personnel. The document is applicable in both
the operational and the business environments.

e Section 2. Interface Style: written for software developers,
this section describes strategies for selecting a user interface
style and for re-designing interfaces to improve usability. It
also addresses application portability across platforms.

e Section 3. Hardware: focuses on input/output (I/0) devices,
displays technologies other than CRT (e.g. liquid crystal,
large screen, stereoscopic, etc.), and alternate /O devices
(Braille printers, large keycaps on keyboards, etc.) for
individuals with disabilities.

e Section 4. Screen Design: provides guidance concerning
screen design, log-on/off procedures and the use of color.

e Section 5. Windows: provides guidance on basic window
design including appearance, message areas, scroll bars,
labeling and navigation.

e Section 6. Menu Design: provides information about
advantages and disadvantages of menus, pull-down and pop-
up menus, hierarchical menus, menu labeling and dialog
menus.

e Section 7. Direct Manipulation: provides information about
screen arrangement by users, and about metaphors and icons
(types, use, design, evaluation).

e Section 8. Common Features: provides guidance concerning
interface features, functions, and formats that should be used
consistently in all DoD applications. It also provides
information about on-line Help, user computer dialogs (e.g.
interrupts, error management, alarms), and the use of
function keys.

o Section 9. Text: addresses the use of text within windows
(labeling and updating fields, and the text cursor). It also
provides guidelines for form completion (form layout, error
management, etc.).

o Section 10. Graphics: provides guidelines for presenting data
in graphical formats including tactical graphics (overlays,

symbology, and terrain representation), pictographic
representations (digitized maps, pictures, etc.), and
presentation graphics (graphs, pictures, and diagrams).
Guidelines pertaining to graphical characteristics of the user
interface (e.g. screen design, windows, icons, buttons, etc.)
are also provided.

e Section 11. Decision Aids: describes when to use decision
aids and expert systems, and offers guidance concerning
requirements definition for decision aids, features of decision
aids, decision aid interfaces and displays, and user training.

e Section 12. Query: deals with accessing data from Database
Management Systems. This Section describes the types of
database queries and database storage methods. It focuses
on user-oriented database design and provides specific
guidance on query screen designs, user requirements, user-
friendliness, search options, and differing design
requirements for novice and expert users.

e Section 13. Embedded Training: deals with on-line training
that focuses on the learning process, as opposed to on-line
help which provides assistance with specific functions,
commands, etc. It provides guidance on embedded training
including components of embedded training, instructional
structure, and presentation. Guidance is also provided on
screen design, navigation within embedded training, error
feedback, and the ability to modify embedded training.

e Section 14. Emerging Technology: is divided into two
sections: (1) personalization of the user interface to meet
the skill levels and characteristics of different users (this
includes adaptive modeling and workgroup situations) and
(2) multimedia (including authoring systems and navigating
within multimedia).

e Appendices: an 18-page glossary and 31 pages of references
are provided.

5. FEDERAL AVIATION ADMINISTRATION
HUMAN FACTORS DESIGN GUIDE FOR
ACQUISITION OF COMMERCIAL-OFF-THE-
SHELF-SUBSYSTEMS, NON-DEVELOPMENTAL
ITEMS AND DEVELOPMENTAL SYSTEMS

The FAA Human Factors Design Guide (HFDG) provides
referenced information to assist in the selection, analysis, design,
development, and evaluation of new and modified FAA systems,
facilities and equipment. This 1996, 2-inch loose-leaf binder
document (also available on CD-ROM) combines guidance from
other sources into one “human factored, user friendly” document.
The document contains 14 sections, four appendices and an index
that are described below:

e Section 1. Introduction: describes the purpose, scope and
format of the document.

e Section 2. Complementary Documents: describes the sources
from which data were integrated into this document. The
sources cited include 32 Government Specifications,
Handbooks and Orders, 10 federal regulations (including
OSHA), and 20 non-government documents (ANSI/HFS,
ASME (American Society of Mechanical Engineers), etc.).

e Section 3. Definitions: provides ~275 definitions of terms
used in the text.

e Section 4. General Design Requirements: provides general
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principles for designing or selecting systems and equipment,

and discusses human performance and human-system

interactions at the top level.

e Section 5. Maintenance Automation: primarily tutorial in
nature. It provides general principles, as well as guidance,
on human-centered automation; process control lessons;
command, control and communications; systems
engineering; monitoring; interfaces; remote maintenance;
and maintenance management information.

e Section 6. Designing Equipment For Maintenance: provides
criteria and guidelines related to designing equipment for
handling; packaging, arrangement and mounting of
equipment; access openings; covers and shields; cases;
fasteners; connectors; lines and cables; packaging, layout,
and mounting of internal components; adjustment controls;
failure detection and isolation; fuses and circuit breakers;
test points and service points; test equipment; and tools.

o Section 7. Human—Equipment Interfaces: addresses display—
control integration. It also provides specific guidance
concerning the following topics:

o Visual displays (principles, trans-illuminated displays, scale
indicators, CRT, large screen displays, light emitting diodes,
flatpanel displays, liquid crystal displays, plasma, electro-
luminescent displays, stereoscopic displays, and touch
panels);

o Audio Displays (warnings and signals, controls, and voice
communication);

e Controls (selection of, movement, arrangement and
grouping, coding, compatibility with handware, accidental
activation, foot operated, hand operated, keys,
thumbwheels, knobs, cranks, pushbuttons. keyboards,
levers, joysticks, ball controls, stylus devices, etc.);

e Labeling and Marking (general guidance, location and
orientation, typographic matters, designing label
characteristics, wording, and information); and

e Accommodating People with Disabilities (controls and
displays for people with disabilities, telecommunications,
and safety for people with disabilities).

e Section 8. Human—Computer Interfaces: provides guidance
concerning user computer interaction, basic screen design
and operation, windowing, data entry, data display, user
guidance, data communication, input devices, and
accommodating people with disabilities.

e Section 9. Workplace Design: describes workplace layout,
designing of passageways, common working positions,
standard console design, visual display terminals (VDT), and
accommodating people with disabilities.

e Section 10. User Documentation: provides guidance on
writing user documentation, layout and format, components
of documents (cover pages, figures, tables, etc.), specific user
document contents (proceduralized instructions, interactive
electronic technical manuals), and accommodating people
with disabilities.

e Section 11. System Security: describes general design
practice, physical security and access control, identification
and authentication, auditing, information and data
protection, documentation of security safeguards, and
security training.

e Section 12. Personnel Security: provides guidance on,

workspace safety, safety labels and placards. It also sets limits/
specifies protection for the following types of hazards: liquid
and gas, toxic, radiation, special chemicals, temperature, fire,
noise, explosion and implosion, radiant energy and lasers.

e Section 13. Environment: provides guidelines on ventilation,
temperature and humidity, illumination, and noise.

e Section 14. Anthropometry and Biomechanics: provides
information about the application of anthropometric and
biomechanical data and about anthropometric variability as
well as anthropometric and biomechanical data on reach,
human strength, and handling capacity. It concludes with a
section on designing for physical comfort.

e Appendix A. References: 13 pages of references are provided.

¢ Appendix B. Sources: sources of the data contained in each
section are specified.

e Appendix C. Standard Actions — Pushbuttons: provides
definitions of functions that are performed with pushbuttons
in windows (e.g. back, close, clear, cut, compile, etc.).

¢ Appendix D. Standard Verbs: provides definitions of verbs
for use in task analysis and in writing procedural instruction
(e.g. accomplish, align, find, clamp, etc.).

eIndex: the 81-page index allows the reader to locate
information that may be located in several sections.

6. NASA-STD-3000: MAN-SYSTEMS
INTEGRATION STANDARDS

The NASA Man—Systems Integration Standards (NASA-STD-3000)
is a multi-volume set of documents that specifies generic
requirements for space facilities and equipment that interface
directly with crewmembers is applicable to all manned space
programs. Of primary interest are Volume 1, Man Systems
Integration Standards (NASA-STD-3000, Revision B) and Volume
2, Man-System Integration Standards: Appendices.

Volume 1 is divided into 14 sections. In general, each section
contains three, and sometimes four, kinds of information: (1) an
overview of the section’s content, (2) design considerations
(background information that can help a user understand the
rational behind specific requirements), (3) design requirements
(contractually binding standards) and (4) design examples
(sometimes included to illustrate important information).
Although written for application in the space environment, with
the exception of microgravity concerns, much of the information
contained in the NASA-STD-3000 can be applied to comparable
human interface/engineering problems in other environments.

e Section 1. Introduction: includes a statement of purpose;
an overview of the entire set of Man—System Integration
Standards; a statement of scope, precedence, and limitations;
and general instructions on how to use the documents.

e Section 2. General Requirements: focuses on basic design
information related to simplicity and standardization.

e Section 3. Anthropometry and Biomechanics: presents
quantitative information about human body size, joint
motion, reach, neutral body posture, body surface area, body
volume, and body mass properties.

e Section 4. Human Performance Capabilities: documents the
significant ways that the performance capabilities of humans
may change when they go into space. It includes information
about vision; the auditory system; olfaction and taste;
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kinesthesia; reaction time; motor skills/coordination;
strength; and physical workload.

e Section 5. Natural and Induced Environments: indicates the
kinds of conditions to which a crewmember will be exposed
during space flight including information about the effects
of the composition of the atmosphere, microgravity, and
acceleration, and specification of acceptable noise, vibrations,
radiation, and thermal levels.

e Section 6. Crew Safety: deals with general safety concerns
such as mechanical hazards; electrical hazards, fire protection
and control, and decompression as they relate directly to
crewmembers.

e Section 7. Health Management: discusses measures that must
be taken to maintain crewmember health including both
preventive care and medical care.

e Section 8. Architecture: provides information about the
placement, arrangement and grouping of compartments and
crew stations in space modules, including design data for
concerning traffic flow, translation paths, location coding,
orientation of workstations especially in microgravity,
physical body envelopes for essential crew functions, hatches,
doors, windows, lighting, and mobility aids and restraints.

e Section 9. Workstations: covers basic workstation design,
including layout, controls, displays, labeling, coding and
user/computer interaction design.

e Section 10. Activity Centers: discusses design and layout
requirements for off-duty crew stations in the space module
including facilities for personal hygiene, body waste
management, trash management, crew quarters, recreation
and meeting facilities, exercise and medical facilities, laundry
facilities, and storage.

eSection 11. Hardware and Equipment: offers general
equipment design guidance for tools; drawers and racks;
closures and covers; mounting hardware; handles and grasp
areas for portable items; restraints; mobility aids; fasteners;
connectors; windows; packaging; crew personal equipment
including clothing; and cable management.

e Section 12. Design for Maintainability: provides general
guidance concerning maintainability and specific
requirements concerning design; physical access; visual
access; removal, replacement, and modularity; fault detection
and isolation; test points; and requirements for a
maintenance data management system.

e Section 13. Facility Management: addresses issues associated
with housekeeping, inventory control, and information
management.

e Section 14. Extravehicular Activity (EVA): establishes
guidelines for extravehicular activity.

Volume 2, Man-Systems Integration Standards: Appendices, contains
the appendices which pertain to the Man-System Integration
Standards. These appendices include a bibliography, list of sources
used to develop specific paragraphs, glossary, abbreviations and
acronyms, units of measure and conversion factors and index/
keywords listing. Volume 3, Man—Systems Integration Standards:
Design Handbook, provides a condensed version of quantitative
data from Volume 1. However, this volume currently reflects of
contents of Revision A, rather than Revision B, of Volume 1.

7. OBTAINING THESE DOCUMENTS

The Internet has profoundly changed our ways of acquiring
technical information — so much so that most of the documents
described in this section can be viewed on-line and/or
downloaded directly from the web.

The two US Department of Defense documents described in
this section, MIL-STD-1472, Human Engineering, and MIL-HDBK-
46855, Human Engineering Program Processes and Procedures, can
be acquired from the Department of Defense Single Stock Point
(DODSSP) using the following information: DODSSP Customer
Service, Defense Printing Service Detachment Office, Building
4D, 700 Robbins Avenue, Philadelphia, PA 19111-5094, USA,
Tel.: +1 (215) 697 2179; URL: http://www.dodssp.daps.mil/

The DODSSP URL provided above allows access to the
Acquisition Streamlining and Standardization Information System
(ASSIST) which provides electronic access to some military
standards and handbooks.

The remaining documents described here can be accessed
directly on the Web (either viewed on-line and/or downloaded)
using the information the Reference section. In addition, the
“NSSN: A National Resource for Global Standards” web site (URL:
http://www.nssn.org/) allows one to search for standards
documents produced by > 600 organizations. Their search engine
is an excellent source for locating most international civilian and
military standards.
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1. INTRODUCTION

The Ergonomics Society of Australia and New Zealand (ESANZ)
was established in 1964 and separate Ergonomics Societies for
New Zealand and Australia (New Zealand Ergonomics Society
and the Ergonomics Society of Australia, ESA) were formed in
1986.

The ESA is an active and thriving society with representation
from many disciplines. It has branches in each State and Territory,
which report to the National Committee. The Society’s business is
directed by its Strategic Plan, the responsibilities for which are shared
by branches. An annual national conference, a bimonthly newsletter
and State symposia and workshops provide a means of
communication for members. A major initiative of the ESA in 1996
was the organization of a conference entirely on the Internet: the
Cyberg Conference, to offer conference opportunities for those unable
to attend international conferences through travel. The Cyberg
Conference will be held triennially. Several Special Interest Groups
(such as in Computer—Human Interaction, Ergonomics Education
and Product Ergonomics, Cognitive Ergonomics, Occupational
Health and Safety, together with a group for the assistance of
developing countries) offer a focus for specialist interests.

The Society has evolved since its formation, reflecting
changing ergonomic interests and evolving responsibilities for
ergonomists. The early history of ergonomics in Australia centers
around individual and collaborative research projects concerned
with the enhancement of operator comfort, safety and
performance and a recognition of the importance of
multidisciplinary activity. Only later, as knowledge of ergonomics
grew and the value of its application was acknowledged, did
opportunities become available for ergonomics consultants to
analyze and solve work-related problems.

2. EARLY RESEARCH FOCUS ON ERGONOMICS

The importance of considering worker capacities and
limitations in the design of work and working environments
which would ensure effective integration of man and machine
was recognized in Australia quite early in the 20th century,
and a wide range of ergonomics-related research studies was
undertaken.

In the 1930s the aviation industry was the focus of much of
the early ergonomics-related research. Factors relating to visual
standards, changes in atmospheric pressure with altitude, the
problems of blackout in aircrew and the problems of noise in
aircraft were areas for particular interest. Later, the Director of
Aviation Medicine, Dr John Lane, was the catalyst for many
developments, and through his efforts Australia led the world in
many features of air safety. The design of air traffic control systems,
navigational aids to assist aircraft landing, and visual displays to
eliminate irrelevant information and assist the operator to organize
incoming data all attracted attention.

Working in association with Flying Personnel Research Units
were government instrumentalities such as the National Standards
Laboratories, the CSIRO, the Acoustic Laboratory, the National
Health and Medical Research Council and the Fatigue and Tropical
Unit of the University of Queensland. This collaboration
demonstrates an early concern about human performance by a
range of scientific disciplines. A Human Engineering Research
Group was established within the Aeronautical Research
Laboratories of the Australian Defence Scientific Service in the
Department of Supply, in about 1957. This represented the first
formally constituted research group in ergonomics as such in
Australia. Three of the principal researchers associated with this
group, Dr Colin Cameron, Professor Ron Cumming and Lane,
were to become instrumental in the later formation of the
Ergonomics Society.

The effects of climate provided a special research interest.
The extreme temperatures of the tropical and arid regions in
Australia led to major studies being carried out within the
Tropical and Fatigue Laboratory within the Department of
Physiology at The University of Queensland into the physical
and psychological effects of tropical service, and the design of
clothing for flying in the tropics and at low temperatures. Other
studies in the School of Public Health and Tropical Medicine at
the University of Sydney investigated the effects of climatic
extremes on comfort and performance of people of all ages,
whether healthy or sick. Early work of psychologists, principally
by Dr Provins in South Australia, was concerned with studying
the relationship between environmental conditions, body
temperature and the performance of skilled tasks. The results
of these studies had application to work at Australia’s station at
Mawson, in Antarctica and in the mining industry in northern
Australia. Engineers became actively involved in designing safety
features in the design of load haul dump vehicles (LHD) and
underground mining vehicles.

Collaborative research studies by the Departments of
Mechanical Engineering and Physiotherapy at the University of
Queensland investigated the skills demanded of LHD drivers in
coping with vibration. Extensive studies were carried out by
physiotherapist Professor Margaret Bullock to determine the
optimal worker—pedal relationship to minimize spinal
movements, in an attempt to control the prevalent back injuries.
The physical stresses associated with manual sugarcane harvesting
led engineers to develop an automated system of cane harvesting
and bulk storage.

Large-scale surveys of school children allowed collection of
data relevant to furniture design for schools, while in the 1960s
the influence of seating design, posture and work place layout
on the production of musculoskeletal injuries during process
work was studied by Dr Peres within a human engineering group
of the Division of Occupational Health in New South Wales. In
1963, the name of this group was changed to Ergonomics Group.
Thus, an interest in the prevention of musculoskeletal injuries in
industry was an important component of ergonomics in Australia
from its earliest days.

Demonstrating an early interest in rehabilitation ergonomics,
engineers and medical practitioners collaborated in the 1960s to
examine upper limb stresses in process work and the design of
prosthesis that would enable disabled persons to become
productive workers. Dr Patkin also carried out considerable
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research during the 1970s and 1980s, in the ergonomic design
of surgical instruments, and by Professor David Ferguson in
relation to the causation of repetition injuries.

The Australian Road Research Board was influential in
supporting the collection of data relevant to Australian design
rules for motor vehicle safety, and the driver’s work-space.
Ergonomics also had an influence on traffic engineering.

The development of ergonomics practice in Australia has been
closely associated with interests in occupational health and safety.
The excessive amount of lost time from work because of
musculoskeletal injury and the subsequent costs forced employers
to introduce measures of control. Positive changes in occupational
health and safety practices and also in management style were
introduced into many work places in Australia during the 1980s,
due in part to the major contributions of Professor Ferguson.

The increasing use of computers as part of the new technology
and the importance of developing effective user interfaces led to
the formation of a Computer—Human Interaction Special Interest
Group of the ESA, and this has proved to be of considerable
value.

3. EDUCATION IN ERGONOMICS IN AUSTRALIA

Initially in Australia education in ergonomics was offered within
relevant professional programs, including Engineering,
Psychology, Physiology, Architectural Science, Physiotherapy,
Occupational Health and Applied Arts and Industrial Engineering.
Today, postgraduate qualifications in ergonomics (at Postgraduate
Diploma or Masters Degree level) are offered within some tertiary
Institutions. No undergraduate program totally devoted to the
preparation of an ergonomist is offered within Australia.

4. PROFESSIONAL CERTIFICATION

The high incidence of work-related musculoskeletal injuries in
the 1980s had implications for control of the quality of ergonomics
practice in Australia and acted as a catalyst to establish a standard
of practice for the ergonomist and to create a register of
professional or certified ergonomists.

The criteria that could be used for a program of certification
of professionally qualified ergonomists in Australia aroused much
debate within the Society and in 1985 a proposal to proceed
with developing a professional certification scheme was adopted
by the Society. In 1990, 21 Society members were awarded
professional certification status at the first ceremony of its kind
in Australia. The Professional Affairs Board is active in updating
its criteria for membership.

5. COMPETENCIES IN ERGONOMICS

In 1990 the Australian Government moved to introduce
competency-based assessment in all occupations and professions.
It was realized that definition of ergonomics competencies was
vital for the comprehensive review of the certification procedure,
as a basis for recertification, and as a resource in planning and
accrediting education programs. The ESA has now defined and
published its outline of core competencies of an ergonomist.

6. CURRENT ISSUES

An issue uppermost in the mind of the ESA today is quality of
practice. The broadened scope of ergonomics, the core

competencies required by any person working within the field
and the importance of quality practice have led to concerns to
define the professional ergonomist more specifically. The issues
of professional certification of ergonomists, the specification of
optimal educational requirements for an ergonomist and
accreditation procedures have generated considerable interest in
the ESA.

7. SPECIAL CONTRIBUTIONS

It is important to recognize the major contributions made by
some eminent ergonomists in the formation and direction of the
ESA. In particular, these are Cummings, Lane, Cameron, Professor
David Ferguson and Dr Alan Howie. Each had a profound
influence not only on the Society itself, but also on the
achievements of ergonomics in Australian society. Through their
efforts and that of many others, challenges have been met and
human performance has been enhanced.

8. PROFESSOR RON CUMMING

The late Professor Cumming (1920-86) was one of the first
graduates in aeronautical engineering in Australia and, as the
leader of Human Engineering Group, carried out important
research in operational aspects of aviation at the Aeronautical
Research Laboratories. He later became the founding Chairman
of the Australian Road Research Board and was involved in
committees drafting safety design rules for motor vehicles. In a
major shift of career, he became a Professor of Psychology at
Monash University, successfully combining his two disciplines
in major ergonomics research.

Cumming became the first President of the Ergonomics
Society of Australia in 1964, he was the first Australian Fellow of
the (American) Human Factors Society and was elected a Fellow
of the Australian Academy of Technological Sciences and
Engineering (FTSE).

9. DR JOHN LANE

The late Dr Lane (1918-99) is recognized as the father of aviation
medicine in Australia and as a pioneer in road safety. In the 1950s
he was involved in the development of the Aeronautical Research
Laboratories and the ‘T-vasis’ visual safe aircraft landing system
which is still in use today. The holder of a Master of Public Health
Degree from Harvard University, he undertook extensive
epidemiological research over 40 years. In 1960, trained as a
space surgeon by NASA, he became Australian aeromedical
monitor in the manned space program.

Lane was a founding member of the Aviation Medical Society
of Australia and New Zealand, and of the Ergonomics Society of
Australia, being its second President. As a foundation member of
the Human Factors Committee of the Australian Road Research
Board, he was active in promoting road safety research and had
considerable influence on the formulation of vehicle safety
standards. He was a member of the Traffic Inquiry Committee of
the National Health and Medical Research Council.

Lane was an inspiration to many aspiring ergonomists in
Australia and contributed to the development of the discipline
not only through his own broad interests and activities, but also
by his ability to lead and encourage others to undertake research
and work in the ergonomics field.
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Corwin Bennett received a BS in Industrial Psychology from Iowa
State in 1950 and an MS and PhD in Experimental Psychology
from the University of Nebraska in 1951 and 1954. He worked
first for IBM as a research psychologist from 1954 to 1966 (man-
ager of human factors for IBM% space guidance division). He
then shifted to academia, first as Associate Professor for Rensse-
laer Polytechnic in Troy, New York, from 1966 to 1970, then as
Professor, Industrial Engineering at Kansas State University in
Manhattan, Kansas, from 1970 until his death.

Corwin was a member of the Illuminating Engineering Society,
the Human Factors Society, the Ergonomics Society, the American
Psychological Association and the Society of Engineering
Psychologists. He was a fellow of both the Illuminating
Engineering Society and the Human Factors Society.

As a small example of his national professional activity, he
was a member of the US National Committee TC 3.4 Discomfort
Glare for 14 years, a member for 8 years of the Industrial Lighting
Committee of the [lluminating Engineering Society and a member
for 9 years of the Education Committee. He also was very active
in state level activities of his professional societies as well as the
many campus duties of a professor.

As can be seen, Corwin was interested in illumination and
lighting. Specific projects ranged from the office (VDT workstation
lighting; discomfort glare in offices; esthetics of interior spaces)
to the factory (industrial inspection) and highway (illumination
for railroad grade crossings, discomfort glare for roadway
lighting).

Corwin had over 70 professional publications; his work on
the esthetics of interior design is summarized in his Spaces for
People: Human Factors of Design (Prentice-Hall, 1977).
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Figure 1. Etienne Grandjean.

The name Etienne Grandjean is known by students of ergonomics
throughout the world as the author of Fitting the Task to the Man.
He was a leading pioneer of the science of ergonomics, always
emphasizing and ensuring its practical application. In
Switzerland, his home country, his name was synonymous with
ergonomics for several decades.

Grandjean was born in 1914 in Bern. After completing a
medical degree he spent several years at the University Hospital
in Lausanne gaining further experience in internal medicine,
pathology and physiology. After completing a PhD in human
physiology he took up the post of Laboratory Director for the
firm Wander, Inc. In 1950, at 36 years of age, he was offered the
position of Professor of Industrial Hygiene and Applied Physiology
at the Swiss Federal Institute of Technology in Zurich. Before
commencing in the new post he spent 6 months at Harvard
University in the USA under a Rockerfeller Award.

The curriculum of his predecessor did not include
ergonomics, so Grandjean chose to redefine his subject area, set
up the new discipline and adjust the curriculum, firstly to suit
the needs of his engineering students. He was exceptionally skilled
at making the complex interactions between workplace conditions
and the human organism comprehensible to the technically
oriented student. Analogies and multiple examples were his
favored tools; however, he was always careful not to oversimplify
the underlying medical processes.

For 33 years Grandjean imparted the principles of
humanization of the workplace to young mechanical and electrical
engineers, architects, civil engineers and later to information

technology students. But the total number of his students was
much higher, as he was often invited to give special lectures and
courses to a variety professional groups and associations. In this
way he spread ergonomic concepts to personal managers, senior
managers of industrial concerns, banks and insurance companies,
public utilities, trade unions, and many other groups.

Although the interaction between the health and well-being
of the working person and his or her work performance are clearly
related, Grandjean never allowed performance improvements to
be the primary focus of the ergonomist. He always kept preventive
healthcare in the foreground of all his work.

His initial scientific work concentrated on physiological
research into the effects of physical loading at work. Early studies
were with forestry workers, agricultural workers, telephone
exchange employees and orchestra players. The production
process in the workplaces of Europe and the USA in the 1950s
was characterized by heavy manual work with high energy
consumption. The demands on the circulatory system often lay
at the borders of human endurance. By way of example,
lumberjacks at that time were required to cut through forests
with handsaws, work that often stressed the cardiovascular system
to its limits. With the introduction of the chainsaw their physical
workload was substantially decreased.

In the later post-war decades the production process
underwent a rapid change that resulted in an overall reduction
in the number of worker exposed to heavy muscular work.
Workers now used machines. They controlled and supervised
complicated equipment, eventually fully preprogrammed
production units. As a result of these changes the demands on
the worker changed. Jobs increasingly required skilled manual
activity, perception and interpretation of information, rapid and
correct decision-making and increased vigilance. Grandjean noted
that the new working methods and tools carried new types of
stresses and strains for the worker, such as noise, vibration,
exhaust fumes, increased accident risk, unnatural body postures
and increased performance demands. Grandjean changed his area
of scientific interest to reflect these new conditions.

He was sensitive to the effects on the workers of the new
production and management technology and almost always
responded rapidly to developments with his scientific
investigations, often to preempt them. A well-cited example is
his sensitivity to the advent of the VDU workplace. Although
close to retirement, he projected, ahead of the physicists and
engineers, the effects of developments in computer hardware on
operators. Keeping the human in mind, he appealed to several
manufacturers to change their still-conceptual plans better to suit
the users. His main topics of interest were the prevention of
musculoskeletal disorders and visual complaints.

The subject of seating interested him for many years. Even
today many students and workers sit on chairs whose design is
based on his specifications. He was one of the first ergonomists
to recognize that no seat design could ensure health, and to
emphasize the importance of adequate physical movement at the
workplace.

The results of his investigations on the effects of modern
technology on the human were included in his first book,
published in German in 1963 as Physiologische Arbeitsgestaltung,
Leitfaden der Ergonomie (translated roughly as Physiological
Workplace Design, Guidelines from Ergonomics). The book was

11
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written not only with students in mind, but also other
practitioners such as engineers, planners, managers and
administrators. The text was translated into English and published
in 1980 as Fitting the Task to the Man — An Ergonomic Approach. It
rapidly achieved worldwide popularity and has been translated
into over ten languages. It has become a standard introductory
text for ergonomics students in many countries. Technological
advances were reflected in later editions. The fourth, completely
revised edition was published in 1991.

The second area of Grandjean’s research and teaching covered
the wider living space of humans. Work at home, behavior in the
home, the space available for people to move, the dimensions
and design of rooms and living spaces, as well as the special
situation and needs of handicapped and invalid persons all
contained important issues and problems of interest to him. The
home is also exposed to disturbances and annoyances that
originate outside its borders, environmental factors which impinge
on the home, particularly noise from roads, railways and aviation,
and environmental chemical pollutants. As in ergonomics,
Grandjean identified the important problems for the home
environment, systematically investigated them and defined
guidelines. Here too explained the problems clearly to architects
and civic planners and he influenced their future decisions to
make people’s home-life more comfortable. The multiple themes
of his living area research were laid down in his second book,
Wohnphysiologie — Grundlagen gesunden Wohnens (The Physiology
of Living — Principles of Healthy Homes). It was aimed at
sensitizing architects and interior designers to ergonomic
considerations.

To reflect the broader scientific interest the Institute was
renamed in 1973 as the Institute for Hygiene and Applied
Physiology. During Grandjean’s directorship of the Institute, over
900 articles were published, covering not only ergonomics
themes, but also such diverse subjects as environmental hygiene,
industrial hygiene, experimental toxicology, psychophysiology,
psychotoxicology, misuse of drugs and stimulants at the
workplace, etc. The content of his work ranged from purely
experimental natural science research, through epidemiological
studies, the implementation of scientific findings, legislation on
workplace hygiene, health politics and product design. His advice
was sought by numerous national and international journals.

Apart from his well-known scientific publications, Grandjean
also published widely in more popular media, being well aware
that ergonomics is an applied discipline and its success also depends
on the application of its principles to real work places and situations.

Aside from his teaching of undergraduate students of the Swiss
Federal Institute for Technology, Grandjean did not neglect the
further education of his own collaborators. Under his supervision
dozens of young scientists were prepared for academic carriers
or completed postgraduate studies. He imparted a systematic
scientific approach to his co-workers in a tolerant professional
manner, encouraging critical evaluation of work without injuring
personal feelings. For most of his colleagues he was not only the
boss and supervisor, but also a model of collegiality. His charm
was appreciated by all that met him.

The effects of his work were soon recognized far outside the
borders of Switzerland. He initiated and collaborated in countless
international congresses and edited several books from these
meetings. He was granted multiple honors, distinctions and prizes
by domestic as well as foreign organizations and universities,
including three honorary doctorates from the Universities of
Surrey (1970), Stuttgart (1976) and Geneva (1984). He was
awarded the “Prix René Barth” from the University of Paris (1953),
the American Industrial Hygiene Association’s “Yant Memorial
Award” (1970), the International Prize for Occupational Medicine
“Buccheri la Ferla” (1976) and was the first recipient of the Award
of the International Ergonomics Association (1982). He became
a Fellow of the Human Factors Society in 1978.

In 1956 Grandjean was a foundation member of the Swiss
Society for Social and Preventive Medicine. He was its President
for 10 years and was later an honorary member. He regarded the
introduction of subspecialties within ergonomics with some
concern and felt that ergonomics had to be an interdisciplinary
science, not just a topic for specialists solely in psychology,
medicine, engineering or design. It was important for him to get
practitioners from various disciplines to contribute their
knowledge and approach to solving problems. He loved
discussion with his peers as much as with younger scientists and
sought through constructive questioning and praise always to
learn from others.

Although an all-rounder in the best sense of the word,
Grandjean never forgot his roots as a doctor of medicine and the
importance of the individual. He was continually interested in
special cases and was wary of norms and standards, which he
felt too often formed psychological cupboards for active thought
and lead to a stagnation of progress. They did not correspond
well to his medically oriented way of thinking or his artistic
leaning, both of which placed most emphasis on the individual
and the essential variety in humans and their experiences. He
continually sought practical solutions to the problems he found,
and he thought about what practitioners needed to be taught to
be most effective. Science was not a hypothetical endeavor to
Grandjean but an aid to decision-making, with direct effects on
the people concerned.

He was a passionate skier and mountaineer as well as an
enthusiast of modern art, a humanist, full of the joy of life, with
little concern for himself. He spoke French, German, Italian and
English fluently. His cultural sensitivity gained him acceptance
all over the world.

In the Fall of 1983 Grandjean retired as Director of the
Institute for Hygiene and Applied Physiology. He remained a
frequent visitor to the Institute for many years, using his
retirement to undertake a full revision of his popular textbook.
He also continued to work in an advisory capacity to multiple
organizations and to regularly attend conferences.

On the 11 November 1991 Grandjean lost his fight against a
cancer and passed away. The foundations of ergonomics had been
laid during his career and his role in the development of this
new scientific discipline was substantial. His impact on it can
still be seen in many areas today.
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Jean-Marie Faverge was born in 1912 in the French Jura. He was
educated in mathematics, before obtaining a degree at the Institut
de Psychologie de I'Université de Paris and a state diploma from
the Psychotechnicien. In 1945 he was elected Chairman of the
“Groupe de psychométrie pédagogique” at the Centre de
Recherches et d’Etudes pédagogiques of the French Education
Ministry.

He was then invited by Dr André Ombredane in 1947 to
join the Centre d’Etudes et de Recherches Psychotechniques in
Paris, and soon afterwards he became Professor at the Institut de
Psychologie de I'Université de Paris and at the Institut National
d’Orientation Professionnelle. His teaching about the adaptation
of work to man was based on statistical methods and on job
analysis and it led him publish a series of now classic books:
Méthodes statistiques en psychologie appliquée; Lanalyse du travail
(with A. Ombredane) and Ladaptation de la machine a 'homme.
These publications contributed significantly to the launch of the
ergonomics movement in the French-speaking world.

In Paris, he soon became a member of the “Human Factors
— Safety” commission of the European Community for Coal and
Steel (ECSC) and civil councilor of the Scientific Action
Committee for National Defence. His works on the accident
process in coalmines, and in the steel industry started in earnest.

In 1959, he was appointed head of the Psycholocal Laboratory
at the Université Libre de Bruxelles, where he developed a teaching
in Industrial Psychology and in Ergonomics; at the same time he
contributed to the creation of a Institut du Travail modeled on
the proposal of the International Labour Organization in Geneva.

Between 1960 and 1975, he carried out a set of researches
for the Belgian Productivity Centre (now Institute for Research
on Improving Working Conditions), leading him to distinguish
four steps or procedures in ergonomics: postural, information,
systems and cognitive (or heuristic). During this period, he
investigated the concepts of safety and fiability (or reliability) in
industrial processes. In 197677, Faverge conducted a follow-
up study devoted to the difficulties of achieving breakthroughs
in ergonomics in industrial settings.

MlIness forced his retirement in 1980, leaving one of the richest
legacies in the French-speaking world: as a scientist, he was in a
position to build up and nurture two different schools of thought:
first in Paris, with J. Leplat or M. de Montmollin and the building
up of ergonomics; afterwards in Brussels, with G. Karnas on the
work analysis, and with V. De Keyser (who teaches at Liege
University) and the reliability research in the field of psychological
ergonomics.

He was member or chairman of several scientific societies
such as the French Psychological Society, the International
Association of Applied Psychology and the Psychometric Society.
He was one of the French and Belgian founders of the Société
d’Ergonomie de Langue Francaise, which is his major achievement
for ergonomic development.
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Professor Longin Paluszkiewicz, one of the originators of the
Polish science of ergonomics, belonged to the most renowned
specialists in ergonomics-related psychology.

He was born on 28 December 1925 in Mstéw near
Czestochowa. In 1952 he graduated from the University of
Warsaw with an MA in Philosophy. His speciality was psychology.
In 1968 a PhD was conferred on him and in 1980 a professor’s
title in the field of Organization and Management.

Paluszkiewicz’s career was almost entirely connected with
the Central Institute for Labour Protection where he was at first
a junior researcher, then Head of Engineering Psychology
Department and, finally, Head of the Ergonomics Department.
However, he began — before entering university — as a manual
worker (fitter and electrician) and next as an administrative
worker. During his studies he worked in a traditional domain of
psychology counseling. He counseled juveniles on adapting to,
sometimes difficult, living conditions, as well as to adults in the
field of mental hygiene.

In research work he was originally occupied with an influence
of various sources of light and eye and face protectors on both
eyesight and the quality and efficiency of work. Yet, his main
scientific interest was perception of signals. Paluszkiewicz’ related
research dealt with ergonomic properties of display and actuator
devices (scale graduation, the length of the pointer, its distance
from a scale, the color of the background, etc.), the influence of
the probability of appearing signals on their perception.

The results of the research on working habits and on acquiring
proficiency in using display devices were, in addition to the above-
mentioned research, a significant contribution by Paluszkiewicz
to the knowledge of ergonomics. The results of the research also
included factors that lower this proficiency and making the use
of such devices difficult for the perception of information.

Further research concerned various systems of display and
actuator devices and the structure of actuator units for vehicles
and multifunctional building machinery, as well as designing these
units according to the rules and requirements of ergonomics.

In his scientific activity Paluszkiewicz was clear when raising
and analyzing problems, and inquiring, and he showed a specific
ability to consider the examined problems from different angles.
This gathered around him representatives of the humanities and
the sciences, who created a harmonious group of ergonomists.
Paluszkiewicz’s role was to inspire, program and supervise the
work of the group.

Paluszkiewicz attached importance to research methodology.
In this respect he was a perfectionist and he inculcated such an
approach in his co-workers. He also showed an understanding
for the relationship between theoretical solutions and their
implementation. This understanding was, to a great extent, a result
of his experience in industry. Additionally, the findings of his
research as well of the research in leading countries, which he

published, provided designers and constructors with
indispensable data for designing products according to the rules
and requirements of ergonomics.

Among his first publications, Engineering Psychology deserves
consideration. Published first in 1963 (2nd ed. 1966), it was
prepared together with Jan Okon, a master under whose wing
Paluszkiewicz originally developed. Engineering Psychology was
the first original Polish scientific publication on ergonomics. An
extensive chapter, “Engineering Psychology,” included in the
university textbook Psychology of Work edited by Okon in 1971;
is also an important publication in the output of Paluszkiewicz.

Paluszkiewicz included the findings of both his own and world
research concerning display and actuator devices in his Ergonomic
Properties of Display and Actuator Devices (1975). Being an author
or co-author of Polish and foreign publications, he contributed to
the development of psychology of work and ergonomics as well as
to the popularization of knowledge about them. These publications
included textbooks for university students and training guides used
by the Polish Academy of Sciences, the Chief Technical Organization
and companies, as well as 80 entries for Polish reference
publications, such as Encyclopaedia of Technology. He also prepared
documentation for the International Labour Office (ILO) in Geneva
and the Council for Mutual Aid.

Paluszkiewicz was a member of the Editorial Committee of
Ergonomia and also co-operated with Polish Psychological Bulletin.
He was also a respected lecturer of ergonomics and psychology of
work at the University of Warsaw and several other universities,
and at training for staff currently responsible for working conditions,
i.e. directors, designers, technologists and production organizers.
Clarity of style, precision of expression and the ability to present
clearly a given subject made his lectures and various presentations
always interesting and drew the audience’s attention. This derived
not only from his knowledge, skill and aptitude, but also from the
adjustment of the form and content of lectures and presentations
to the listeners’ specialization and intellectual level. He inculcated
the need for such preparation in all his co-workers.

He was a patriot and he worked for the benefit of society.
During World War II he took part in the Warsaw resistance
movement and was an active participant in the Polish scout
organization “Szare Szeregi.” In the Warsaw Uprising he fought
in Mokotow in the regiment ‘Baszta’ and was seriously wounded.
Professor Paluszkiewicz presented this period in the third volume
of his Harcerze 1939-45: Szare Szeregi.

In 1977 Paluszkiewicz co-founded the Polish Ergonomics
Society, amember of the International Ergonomics Society (IEA).
For his contribution to the development of the Polish Ergonomics
Society he was awarded the Medal of Wojciech Jastrzebowski
and the title of an honorary member.

He also took part in the meetings of many committees and
societies, e.g. the Ergonomics Commiittee of the Polish Academy
of Sciences, the Ergonomics and Labour Protection Committee
of the Chief Technical Organization and the Polish Psychological
Society. For his merits in scientific and research, organizational,
educational and social work he was awarded a number of state
distinctions, among others, Zloty Krzyz Zaslugi in 1974 and
Krzyze Orderu Odrodzenia Polski (Kawalerski in 1978 and
Oficerski in 1986).

Professor Longin Paluszkiewicz died on 26 September 1989
in Warsaw.
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1. INTRODUCTION

Being an eclectic science, ergonomics attracts its practitioners
from a range of disciplines. Although Paul Branton (1916-90)
was formally trained as a psychologist, his roots before his
relatively late university career were in commerce, industry and
the Royal Navy (1942-48). Each environment played a significant
role in the development of his views of ergonomics, from both
philosophical and psychological perspectives. Each enabled him
to become the founder of a predominantly person-centered view
of ergonomics.

2. PHILOSOPHICAL INPUTS

Branton’s emotional roots were firmly founded in philosophy.
Before his training at the University of Reading (1959-62) he
was particularly concerned with understanding the bases of
personal value judgements and studied critically the philosophical
foundations of ethical behavior in general, and morals and politics
in particular. He was inspired by the teachings of the German
philosopher at Gottingen University, Leonard Nelson (1882—
1927), whose ideas were part of a German philosophical tradition
that extends back to the critical reasoning of Immanual Kant
(1724-1804). This interest in the philosophical bases for
understanding behavior, particularly in the tradition of Critical
Philosophy, remained with him throughout his life, and helped
him to develop and maintain his person-centered view of
ergonomics.

Kant’s main preoccupation was with moral or ethical behavior.
Thus, when he spoke of (rational) action he meant moral action,
including such aspects as good deeds, resistance to temptation,

and a virtuous disposition. Taking this view further, Branton
argued for a set of metaphysical principles of work that are not at
all separable from moral considerations. On the contrary, he felt
that moral considerations intrinsically belong to ordinary human
work. In this way he spent much of his life attempting to “marry”
critical philosophy to psychology. With his colleague Fernando
Leal he developed a view that he called the “New Science of Inner
Life,” the ultimate aim of which was to show that there is “a
greatness lying inside the human person” that needs to be
understood, nurtured and liberated.

3. PSYCHOLOGICAL AND PHYSIOLOGICAL
INPUTS

During his undergraduate training at the University of Reading,
Branton developed a strong interest in the physiological and
anatomical bases of psychological events. Throughout his future
careers his view developed that we should understand person-
centered variables from a psychophysiological perspective. For
example, boredom and monotony can be understood in terms of
physiological adaptation and stimulus inhibition. His study of
anesthetists stress suggested that the stress could be considered
to result from an accumulation of “mini panics” arising from a
realization that the anesthetists, as well as their patients, had
drifted off to sleep during long operations. Also seating comfort,
which he studied extensively during his period at Furniture
Industry Research Association (FIRA) and then at British Rail,
was viewed to be the result of physiological adaptations to postural
instabilities.

The recurrent psychophysiological theme that runs through
much of Branton’s work was stimulated by his undergraduate
studies. He frequently considered the importance of rhythmical
variations in bodily functioning. He was considerably influenced
by the fact that bodies exhibit such rhythms in almost all of their
functions — consciously and unconsciously. These fluctuations,
he argued, can be perceived as being major influencers of our
behavior when interacting with working systems.

On leaving university Branton moved to FIRA (1962-65)
with a brief to study the comfort of seating and seats as part of an
ergonomics service to that industry. During this time he further
developed his thoughts about the nature of ergonomics and the
centrality of the individual within the system. In particular, he
began to develop views about ways of integrating observable
behaviors, such as movement and posture with the less observable
and more subjective behaviors to understand better, and fully
meet, the needs of the user.

It was during his time at FIRA that Branton developed his
theory of postural homeostasis to explain individual comfort-
seeking behavior. This theory again emphasizes the interface
between psychophysiology and behavior, particularly stressing
the fluctuating nature of many psychophysiological processes —
in this case the forcing system that maintains a posture when
sitting or standing.

Branton argued that the upright or sitting body is an
inherently unstable system and postural activity is one of dynamic,
fluctuating, body states that maintain the desired posture — “a
two-way traffic across the borders between body and mind.” Thus,
the homeostatic theory of seating comfort considers comfort as
being the optimal state between two conflicting body states or
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requirements: the need for stability on the one hand and the
need to reduce pressure points created by stabilization on the
other. Using this conceptualization, Branton developed a seating
comfort metric that analyzed postural instability and shifts
(“fidgets”), rather than relying on the traditional subjective rating
scale approach.

Following his career at FIRA, Branton moved to the MRC
Industrial Psychology Research Unit (1966-69) where his
interests shifted more towards global industrial problems and
how psychological interventions and investigations may help to
explain them. It was here that his interests in shiftwork and
accidents began to take shape, leading particularly to developing
his understanding of stress and decision-making within
individuals. His later work on anesthetist stress, particularly
resulting from fluctuating levels of awareness, is an example work
that had its critical formation during this part of his career.

Indeed Branton returned to this area of work in 1987, as an
Honorary Research Fellow at Birkbeck College, University of
London. At this time he collaborated with his colleague Pat
Shipley on studies relating to stressful experiences of working
people to problems of individual control, and being in positions
of responsibility.

Moving from FIRA to become Chief Ergonomist in British
Rail in 1969, Branton became free to develop his ideas in a
specifically applied setting. The list of issues in which he became
interested is long and includes studies of train drivers (emotional
and physiological states), driver cabs, signaling, driver behavior,
passenger environments, and physical environmental influences.
Such issues were studied from the viewpoints of skilled behavior,
stress, comfort and decision making.

To each area Branton brought his person-centered view of
ergonomics: that one should consider the whole person within
the system, including the individuals psychophysiological and
mental models of the system with which s/he is interacting.

4. SUMMARY

Paul Branton’s view of ergonomics was formed by almost all facets
of his varied life — from his early life as a tailor in Austria before

World War 1II to his work as an Honorary Fellow at Birkbeck
College at the time of his death. His view, and his pivotal role in
the foundation of a new facet of ergonomics — person-centred
ergonomics — was forged within the realms of Kant’s Critical
Philosophy and Branton’s sense of innate goodness of people.

These views were strengthened during the persecution years
in Germany and Austria; in 1937 he fled from Vienna and took
refuge in Palestine. In 1948 he moved to the UK and became
interested in politics. He studied philosophy and social science
in the 1950s, before undertaking full-time undergraduate
training in psychology. From this point on, philosophy became
married to psychology and different facets of person-centred
ergonomics emerged with his employment at FIRA, MRC, British
Rail, and then in “retirement” working as an independent
consultant and as an Honorary Research Fellow at Birkbeck
College.
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Paul M. Fitts was a pioneer in the field of Human Factors
Engineering, which he preferred to call Engineering Psychology.
He was the first Director of the Psychology Branch of the
AeroMedical Laboratory at Wright Patterson Air Force Base, which
is now called, after several metamorphoses, the Human
Effectiveness Division of the Air Force Research Laboratory. He
was a Founding Member of the Human Factors Society of
America, now the Human Factors and Ergonomics Society. He
was also a prominent Experimental Psychologist who saw only
the fuzziest of boundaries between theoretical research and
applied system development. His chapter “Engineering
Psychology” in the prodigious Handbook of Experimental Psychology
(edited by S.S. Stevens and published in 1951) was a landmark
definition of the field and provided exposure of this new discipline
to a generation of psychology graduate students. Regrettably, his
career was cut short by his untimely death from a heart attack in
1965 at 52 years of age.

Paul Morris Fitts was born in 1912 in Martin, Tennessee. He
received his Bachelor of Science degree in Psychology at the
University of Tennessee in 1934, his Master of Arts at Brown
University in 1936 and his PhD in Psychology at the University
of Rochester in 1938, under Dr Leonard Carmichael. His thesis
was on motivation in animals. He immediately returned to the
University of Tennessee as an Assistant Professor of Psychology.
However, World War II interrupted his career and he moved to
Washington in April 1941 to work with a team of psychologists
in the US Army Air Forces Office of the Air Surgeon on problems
of Air Force pilot selection and training. He served the Air Forces
for more than 8 years, first as a civilian, then for 4.5 years as an
Air Force officer, rising from first Lieutenant to Lieutenant Colonel
by the time of his discharge in October 1946, and then for another
3 years as a civil servant. It was during this time that the US
military began to see that psychologists could play a role in
determining how to design equipment to adapt it to human
requirements and Dr Fitts identified strongly with this new role.

On 1 July 1945, a Psychology Branch of the Aero Medical
Laboratory was established at Wright Field in Dayton, Ohio. Dr
Fitts, then aged 33, was appointed its first Director and it soon
became the unit responsible for all aspects of engineering
psychology for the Army Air Forces.

At the Psychology Branch Dr Fitts became involved in setting
the research agenda for this new field of “Engineering Psychology”
in the military aviation world. He also become involved in several
research studies himself. He is probably best known for the
pioneering analysis of pilot error experiences in reading and
interpreting aircraft instruments and in operating aircraft controls
(Fitts and Jones 1947a, b). They cataloged those mistakes on the
basis of the design features to which they could be attributed. In
addition to several design impacts that could be addressed directly,
these studies stimulated research in the Air Force for many years
to come. The instrument-reading study was the first to document
problems with reading the three-pointer altimeter. The Aviation
Safety Reporting System (ASRS) is an extensive NASA data base

of commercial aircraft human error incidents anonymously
reported and widely used for research that may be regarded as a
contemporary manifestation of this early work.

In 1949 Dr Fitts returned to Ohio State University and
reactivated the Laboratory of Aviation Psychology. It was later
renamed the Systems Research Laboratory when it ceased to be
dominated by aviation research. He remained at Ohio State, active
in research, teaching and administration, and on the national
scene until 1958 when he moved to the University of Michigan
where he remained until his untimely death. At Michigan he
broadened his interest in the theoretical aspects of human
information processing and, together with three colleagues from
the Psychology Department, founded the Human Performance
Center, a unit within the Psychology Department that became a
focus for faculty and graduate students interested in human
performance and human information processing.

Throughout his career, Fitts championed the application of
psychological research to equipment or systems design. He
accomplished this initially through his own research, but after
he left the Air Force, his work took a more academic turn,
emphasizing research questions that had a payoff in applied work.
However, his direct impact on engineering design continued to
be felt through his consulting and his participation in significant
engineering psychology developments nationally. He was
instrumental in helping to organize Division 21 of the American
Psychological Association, the division concerned with applied
experimental and engineering psychology. He was a founding
member and later President of the Human Factors Society, now
the Human Factors and Ergonomics Society. He was chairman of
several psychology and social science panels, boards and
committees sponsored by the Air Force, the Department of
Defense and the National Research Council that were influential
in establishing a role for engineering psychology.

It was at Ohio State where he conducted the early research
and published what is now perhaps his most famous paper in
Journal of Experimental Psychology in 1954 entitled “The
information capacity of the human motor system in controlling
the amplitude of movement.” Here he showed that an index of
difficulty of a movement could be defined in information theoretic
terms that accurately predicted movement time as a function of
the accuracy required of a movement and the distance moved.
The greater the accuracy required, the slower the movement,
and the longer the distance moved, the slower the movement.
Equation (1) is currently used to describe this relationship, which
has come to be called Fitts’ Law:

MT =a+b [log, (A/W)], (1)

where A = distance from the starting point to the center of the
target; W = target width, and a and b are constants reflecting the
specific movement circumstances. In the original paper and in
subsequent work he showed that only the constants had to be
adjusted to describe (1) reciprocal tapping where the size and
separation of the target plates was varied; (2) disk transfer where
the difference in the diameter of the disk hole and the peg onto
which it was placed reflected the accuracy constraint; (3) a peg
transfer task in which pegs were transferred to holes of different
sizes; (4) the effect of adding a weight to the hand; and (5) for
discrete or continuous movements and under various instructions
to be rapid or accurate. Numerous investigators have examined
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the predictions in great detail, most notably Welford (1960, 1968),
and while marginal gains in predictive accuracy have been
proposed by adjustments in the equation, the fundamental
relationship and the robustness of the predictions have never
been challenged. In subsequent work it has been shown to work
for foot movements (Drury 1975), movements of the head (Soede
et al. 1973), and even movements made with tweezers while
looking through a binocular microscope (Langolf et al. 1976).

At The University of Michigan, Dr Fitts most important work
was in human information processing, more specifically, he used
a variety of research paradigms in which the dependent variable
was human reaction time or response time. An important
contribution was the quantification of the relationship between
speed and accuracy of performance. He showed in the laboratory
that given quantitative payoffs for performance that favored either
speed and accuracy, the human operator would adjust behavior
appropriately to maximize that payoff, which meant either
responding faster and making more errors or slowing down and
being more accurate, depending on the relevant monetary payoff
at the time. He went on to develop a predictive sequential
sampling statistical decision model that accounted for these trade-
offs (Fitts 1966).

It seems likely that Dr Fitts introduced the term “Engineering
Psychology.” If he did not actually introduce it, surely he was the
first to popularize it and to influence its adoption to represent
psychology’s interests in the human’s role in system design and
development. He used it in his introduction to a series of
Psychology Branch research papers in 1947 to refer to the
emerging area of psychological research on equipment design
(Fitts 1947). Then in 1951 it became the centerpiece of the title
of his chapter in Stevens’ Handbook of Experimental Psychology
(Fitts 1951).

The most interesting thing about Fittss work is that while
the scope of his theoretical and applied interests were very broad,
his research had a thread of continuity and specificity that gave it
focus. His original interests were stimulated by his introduction
to issues from the applied perspective at the Psychology Branch
of the Aero Medical Laboratory, and he sustained work on them
virtually throughout his career, generalizing and broadening their
importance and impact at each new opportunity. All these topics

fell under the general rubric that he would come to call human
skilled performance.
For more detail on Dr Fitts’ life, see Pew (1994).
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Ross A. McFarland was one of the founding fathers of Human
Factors and Ergonomics in the USA. He was also a founder of
the Human Factors Society and served as its president from 1969
to 1971.

Dr McFarland was born in Denver, Colorado, in 1901, and
was raised in Missouri. He received a bachelor’s degree from the
University of Michigan in 1923, and a PhD from Harvard
University in 1928 in Physiological Psychology. He pursued an
academic career of research and teaching. As a Research Fellow
at the University of Cambridge in England from 1927 and 1928,
Dr McFarland showed how the lack of oxygen during simulated
flights could impair the behavior of RAF student pilots, giving
rise to lack of insight and loss of judgment.

From 1929 to 1937 Dr McFarland was an Instructor of
Psychology in the Department of Psychology at the College of
Physicians and Surgeons, Columbia University, New York City.
He investigated the central nervous system’s complete dependence
upon a normal supply of oxygen, glucose and other organic
constituents. In studies using visual tests of differential light
sensitivity, he demonstrated for the first time that impairments
may be present at altitudes as low as 4000 feet in unacclimatized
subjects. These and other findings led to regulations for the use
of oxygen by pilots in civil aviation and by military pilots during
night combat.

In 1935 Dr McFarland was a member of the International
High Altitude Expedition to South America where he continued
his studies on oxygen deprivation in acclimatized subjects. During
the 4-month expedition members of the party were compared
with natives living at altitudes up to 20 000 feet in Chile and
Peru.

Dr McFarland joined the Harvard Fatigue Laboratory in
1937 as an Assistant Professor of Industrial Research. At that
time the laboratory was housed in the basement of the Harvard
Business School. Working with the sociologist Elton Mayo,
he investigated some of the physiological problems of
industrial workers. His studies centered around mental tests
made under various environmental stresses (heat, cold, noise,
vibration, etc.).

When Pan American Airways opened air routes over the
Pacific and Atlantic Oceans in 1937 and 1939, Dr McFarland
was asked to study the fatiguing effects of long distance flights
on pilots. He was also an advisor to the airline in 1940 when air
routes were openend across Africa. During 1939 and 1940 he
became interested in pilot selection and the development of better
tests in predicting success or failure. Because of the high failure
rates in the military services, Dr McFarland and a group of
colleagues at Harvard were asked to make a comprehensive
analysis of this problem on 1000 naval aviators. Their results
were published as The Pensacola Study of Naval Avialtors. Thirty
years later, when follow-up studies were made of the same

aviators, the results were not only validated, but also they led to
a greater understanding of problems related to heart disease and
aging.

With the outbreak of World War I, it was apparent that many
older persons would be required to work in industry. Through
experimental studies of the aging process, Dr McFarland
demonstrated that, with proper placement and supervision, men
and women could work productively much longer than originally
believed. He stressed the importance of functional rather than
chronological age in judging an individual’s ability to perform.
He also pointed out the close relationship between the oxidative
processes and certain functions of the central nervous system.
He demonstrated these close relationships in tests of light
sensitivity, immediate memory and the loss of insight. His theory,
relating the sensory and mental changes seen in aging to
alterations in the oxygenation of the body’s tissues, has gained
widespread acceptance.

In 1943 and 1944 he served as an Operations Analyst for the
13th Air Force in the Solomon Islands campaign, studying combat
fatigue in air and ground forces. It was here that he became
interested in the problems of designing equipment to meet human
capabilities and limitations. He wrote one of the first textbooks
in human factors, Human Factors in Air Transport Design (McGraw-
Hill, 1946), intended primarily for engineers.

Dr McFarland became a member of the faculty of the Harvard
School of Public Health, when the Harvard Fatigue Laboratory
moved there in 1947. It was here that he developed a new
approach to some of the difficult problems of health and safety,
not only in the air, but also on the ground and in space. He was
one of the first to emphasize the multiple causation of accidents,
and to apply the methods of biostatistics and epidemiology in
the study of highway injuries and fatalities. Many of the lessons
learned in aviation and aircraft design were now applied to
automotive design and safety. Research programs included the
application of anthropometric and biomechanical data to vehicle
design and operation, and the effects of alcohol and toxic agents
(e.g. carbon monoxide) on driver performance. Many of the
resulting principles have been incorporated into federal
regulations relating to air and highway safety. Dr McFarland’s
new approach attracted many young physicians and engineers
to the Harvard School of Public Health for advanced study. In
1953 he published his second book entitled Human Factors in
Air Transportation — Occupational Health and Safety (McGraw-Hill),
primarily for physicians and safety engineers.

In 1957 the Guggenheim Foundation sponsored a teaching
and research center at Harvard, and in 1962 the center was
endowed. Dr McFarland became the first Director, and the first
Daniel and Florence Guggenheim Professor of Aerospace Health
and Safety. He and his colleagues at the Harvard School of Public
Health trained more than 200 young scientists. Many of his
students assisted in the medical aspects of the space program,
and others achieved leadership positions in the fields of aerospace
medicine, occupational health and highway safety. In 1966, he
published his third book, The Human Body in Equipment Design,
with Drs Albert Damon and Howard W. Stoudt (Harvard
University Press). It has been widely used by engineers and
industrial designers.

In addition to his three books, Dr McFarland contributed
over 200 publications to the scientific literature. Among the many
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awards recognizing his professional achievements are the
Longacre Award of the Aeromedical Association in 1947 for the
safe utilization of aircraft, the Flight Safety Foundation Award in
1953, the John Jefferies Award of the Institute of Aeronautical
Sciences in 1956 for contributions to aeronautics through medical
research, the Walter M. Boothby Award from the Aerospace
Medical Association in 1962 for research in aviation medicine,
the Exceptional Service Award of the US Air Force in 1969, and
the Distinguished Civilian Service Award of the Department of
the Army in 1971. In 1963 he was the first American invited to
present the Ergonomics Research Society Lecture, “In Search of a
Theory of Ageing”, in the UK. He was awarded the Honorary
Doctor of Science Degree by Park College, Rutgers University,
Trinity College and the University of Denver.

Dr McFarland had also been a consultant or technical advisor
to many federal agencies, including the Department of Health,
Education and Welfare, the Federal Aviation Administration, and

the National Aeronautics and Space Administration. He served
on numerous task forces and study groups dealing with various
aspects of health and safety. He was also active in numerous
scientific and technical organizations, including the Human
Factors Society, the Ergonomics Research Society, the American
Psychological Association, and the Aerospace Medical Association.

Dr McFarland died in 1976 at the age of 75. He left behind a
legacy of outstanding scholarship and warm friendship. His
contributions to the field of human factors and ergonomics were
enormous, and he was valued highly as a teacher and advisor by
his students. He was truly a pioneer of human factors and
ergonomics in the USA, and a professional giant among his peers.
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In the treatise entitled “An Outline of Ergonomics, or the Science
of Work Based Upon the Truths Drawn from the Science of
Nature”, published in Nature and Industry: a weekly devoted to
accessible presentation of all branches of natural sciences, their
practical application to living, and the latest discoveries and inventions,
Poznan, Poland (1857), W. B. Jastrzebowski created the
foundations of ergonomics.

Wojciech Bogumil Jastrzebowski, the inventor, scientist,
educator, and naturalist, was born on 19 April 1799, in Gierwat,
Poland. His father died before Wojciech was born, and his mother
died when he was nine years old. He attended a primary school
in Janow. In 1816, he began attending a secondary school, but
due to the poverty and ill health his education was often
interrupted. In December 1820, Jastrzebowski began studying
at the Department of Building Engineering and Surveying of the
University of Warsaw. His knowledge, enthusiasm, and ingenuity
made his professors assign him several supporting research
projects. In September 1822, he also began studying at the
Department of Philosophy (Natural History Unit). During his
studies he assisted in the research of several biologists,
astronomers and zoologists.

At that time he was commissioned to set up the famous sun
dial in the Warsaw Lazienki Park (the sun dial is still there today).
As setting up a sun dial required individual measurements for
each location, he designed a special piece of equipment “for
determining compasses in any space and in every location”. The
Government Commission called it “Jastrzebowskis Compass”,
and the inventor was accepted into the ranks of the Warsaw
Friends of Science Society.

When the (Polish) November Uprising against the Russian
invaders broke out in 1830, Jastrzebowski fought at the battle of
Olszynka Grochowska. At that time Jastrzebowski also developed
a proposal for the creation of a League of Nations, which opened
with the words: “Peace in Europe is permanent and everlasting.”
According to this proposal, a European Congress should publish
a proclamation calling upon all the nations to form a brotherly
alliance. All disputes between states would be defused by a
commonwealth of nations, whose decisions would be objective
and just, and when there was no more unhealthy armaments
rivalry between friendly nations, all their effort should be directed
towards improving the education of the youth, laws, science,
agriculture and industry.

After the fall of the (Polish) November Uprising, Jastrzebowski
could not go back to his job at the University of Warsaw. In 1836,
he became Professor of Botany, Physics, Zoology and Horticulture
in the Institute of Agriculture and Forestry in Marymont. Thanks
to him, the Marymont gardens became true protected areas of
rare shrubs and trees. Jastrzebowski’s students were taught to be
methodical and consistent, restrained and patient in the laborious
task of fact collecting. At the same time, however, he cautioned
them not to become simple archivists of facts; they were to try to
unravel the mystery of their creation. Jastrzebowski devoted a
lot of time to field trips with his students across all regions of
Poland. Those expeditions resulted in a study entitled “Forecasting
fair weather, sleet, wind and other changes of the air” (1847),
which was also translated into Russian. Thanks to the study’s
reputation, Jastrzebowski was admitted to several Polish scientific
societies, including the Krakow Science Society, the Kielce
Agriculture Society, and the Agriculture Society in Lvov.

In addition to the historic treatise: “An Outline of Ergonomics,
Or the Science of Work based upon the truths Drawn from the
Science of Nature” (1857), Jastrzebowski published “Stichology”
and “Mineralogy” (1852). Upon leaving the Institute in Marymont,
Jastrzebowski was given the post of works inspector, preserving
the dunes of Czerwony Bor and planting trees on them. He settled
in Feliksowka, where he created model gardens, nature rooms,
and a dormitory for trainees. During the next (Polish) uprising
of January 1863 the dormitory emptied. His students and his
two sons joined the uprising.

The “Florae Polonicae Prodomus” — even today one of the
basic textbooks of plant geography in Poland — was published
by Jozef Rostafinski in Vienna in 1872. In it, he describes 1550
plants, of which 1090 are labelled with Jastrzebowski’s name since
their names had been taken from his herbarium. In 1874,
Jastrzebowski left his study in Czerwony Bor and tried to recreate
a garden with his favourite yews and larches on a small plot of
land in the Warsaw suburb of Czyste. At the same time he
accepted the offer of the Warsaw—Vienna Railway to plant hedges
round its stations and stops. The last time he went out into a
field for a rendezvous with nature was in 1879. Jastrzebowski
died on December 30, 1882, and was buried at the Powazki
Cemetery in Warsaw.

First edition in English: Wojciech Jastrzebowski “An outline
of Ergonomics, or the Science of Work based upon the truths
drawn from the Science of Nature”. Editor: Danuta Koradecka,
Warszawa, Central Institute for Labour Protection 1997,
translation of Wojciech Jastrzebowski’s text: Teresa Bal uk-
Ulewiczowa, translation of the biographical note: Aleksandra
Gol ebiowska.
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T. Lambie
Ergonomics and HCI Unit, University College, 26 Bedford Way, London,
WC1TH 0AP, UK

1. INTRODUCTION

The concept of cognitive engineering is not fixed and unequivocal,
but in its various expressions are found certain common features.
The fluidity of the idea is not surprising since its arrival is relatively
recent, and its formation into something more determinate awaits
the outcome of its practices as all disciplines do. There is probably
a consensus on what constitutes cognition or cognitive behavior
— reasoning, remembering, planning, etc. However, agreeing
on what we mean by engineering — particularly of cognition or
cognitive behavior — is not so straightforward. One of the reasons
that this is so is that engineering is not adequately understood in
its relationship with science, and this has perhaps implications
for how both science and engineering are understood. The
question as it affects technology and engineering is addressed,
for example, by the aeronautical engineer Vincenti (1990).

Understanding cognitive engineering is therefore
understanding what engineering is by itself and in connection
with cognition or cognitive behavior, and there are perhaps two
sources for the introduction of the idea into the currency: Simon
(1969) and Norman (1981).

2. ORIGINS

Although Simon did not originally give the name engineering to
his “artificial science” of the mind, much of his argument
suggested that, in general terms, there were two distinct
disciplines — pure science and systematic design — that
traditional engineering was stultified and, by implication, that
the practice of design should be reconceived to get rid of this
stultification. This reluctance to call his artificial science of the
mind engineering was partly because he saw cognitive science
— the investigation of how cognition worked — as dependent
partly on cognitive design (e.g. the uses of computing models —
designing them — to elucidate aspects of cognition). In the context
of Artificial Intelligence, for example, he later (Simon 1980) writes
that we should perhaps make an explicit recognition that there
are two disciplines “by speaking of cognitive engineering as well
as cognitive science”: that the study of artificial intelligence “is
interested, in its applied aspect, not only in understanding but
[also] in improving it”, and that if we make this recognition then
he hopes “that the two ventures will keep in the closest relation
with each other, as they have done through the past quarter
century. The dangers of confusing the normative with the positive
are slight compared with the losses that would be suffered from
isolating the science from its engineering applications”. The
wording of the last sentence strongly implies that it is cognitive
science that will suffer if they fail to communicate, not cognitive
engineering. In Simon’s view, in any case, the discipline of
systematic cognitive design is a new and distinct kind of
knowledge that has at least a troublesome relationship with
science.

Norman (1987), more typically a member of the Cognitive
Ergonomics (including HCI) community, writes, however, that

» o«

he invented the term “cognitive engineering” “to emphasise the
cognitive aspects of human-machine interaction. ... Cognitive
engineering is meant to combine with the applied disciplines
not to replace them”. It represents for Norman a “new approach
... more than just psychology ... more than psychology coupled
with engineering. We need all the disciplines of cognitive science,
plus engineering.” So for Norman the adoption of the term means
that we should broaden our vision of what is involved in the
work of HCI; more importantly, that it should lead to principled
design that takes us beyond the solution of particular design
problems as a craft discipline, with each solution a new one
unrelated, except tacitly, to any other. Norman, however, appears
to have a more pragmatic interest than Simon in the adoption of
an engineering view of cognition. Although he wants to institute
a novel approach which provides a greater guarantee so that
design knowledge acquired in one project may be carried forward
with confidence to support the solution of similar design
problems, he makes little of the gaps or the connections between
scientific and engineering knowledge.

3. IN PRACTICE

Because it is more precise, methodical, etc. engineering is widely
regarded as a more responsible and, consequently, a more
politically and socially respectable mode of design. It is associated
with operationalization and implementation of design and as such
is more practical, out-in-the-open and down-to-earth. So,
cognitive systems engineering as practiced by Hollnagel,
Rasmussen, etc. was at least partly adopted and developed because
it was concerned with systems that were safety critical and
complex. As the work matured it attracted attention because it
offered better means to design. Rasmussen’s work is particularly
notable in this respect. Representations and models were offered
of a general nature, so that a language of representation might
allow generalization across design problems (also Woods and Roth
1988); e.g. formal expressions of behavior at different levels (from
tasks to physical operations) corresponding with different levels
of knowledge description (from symbols to signs), these to be
consolidated by empirical work. The question of the origins of
these models and representations is not raised, but the detail
and care with which they are expressed and employed means
that engineering cognitive systems is probably, both ostensibly
and actually, more precise, methodical, etc. It is called engineering
therefore to distinguish it from design as art or intuition-based,
but it is not just cognitive science either. This version of cognitive
engineering is forward-looking to precision and the testing of
models and representations rather than backward-looking to the
its epistemological roots. The expression of this approach is
refined and recapitulated with particular relevance to Cognitive
Ergonomics and HCI by Woods and Roth (1988).

For the Cognitive Ergonomics and HCI community,
engineering cognition (or cognitive engineering) is partly the
expression of a desire to design and build as rigorously and
carefully, and, arguably, therefore as explicitly and publicly as
possible. The motivation for engineering is, thus, to achieve the
aims of a design which answers the requirements of the users
and satisfies them of, for example, the safety or financial economy
of the design, since the design would not persuade us that it
would continue doing what it was claimed to do were it not
methodical, precise and explicit. Engineering is supposed to bring
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more than faith to the business of design. Nevertheless, it is not
enough to aim for design which has precision, rigor, and is public
and open to criticism. The grounds for, or principles of, this type
of knowledge, which is different from other given kinds, must
be examined, and its distinct properties established, or we might
be being persuaded of the precision, rigor, etc. of scientific truths
not design certitudes.

4. IN PRINCIPLE

The determination of the boundary between science and
engineering, as well as being one of the consequences of the
practical advantages of an open and systematic design activity,
might also be one of the motivations for the inception of the
practice of a distinct discipline of cognitive design such as is
involved in Human Factors (HF), HCI, Computer Supported
Cooperative Work (CSCW), etc. Conventional engineering
disciplines, e.g. aeronautical or electrical engineering, have formed
into professions distinct from that of their cognate scientific
disciplines (Vincenti 1990). They have an independent existence
drawn on by the need to solve specific technical problems which
are not soluble by reference to the universal models or theories
of science but rather by the need for the construction of models
contrived for the particular context set by the design requirements.

It has been found increasingly that addressing design
problems in HF, HCI, CSCW, etc. also necessitates turning
attention away from the psychological, computational or
sociological research of a scientific nature (which aims at
universality) and focusing on the problem posed by the target
artifact, including the constraint that it meet the given
requirements (which aim at the eccentricities of the particular).
For Dowell and Long (1998) HF is largely a craft, “the heuristics
it possesses being either ‘rules of thumb’ derived from experience
or guidelines derived informally from psychological theories and
findings”, with the latter representing the science applied, i.e.
the more or less simple laying of the scientific template onto the
design problem to generate the design solution.

However, even if applied science were quite different from
pure science and not its simple application but were endowed
with techniques, methods and practices developed with ingenuity
and rigor, in other words, a discipline whose practices resulted
in general features which became the ground for addressing novel
problems, nevertheless, it would still fall short of fully fledged
systematic design or engineering. This is so because systematic
design or engineering is not only concerned with the solution of
particular problems by the development of particular models,
contrasted with the general theories of pure science, but also
must engage with the idea of the fabrication of artifacts — the
making of something new or the changing of the physical world
in some way to lead to an improvement in the performance of
some system or other. What arises, then, is a triad — of pure
science, applied science and engineering — with engineering
principally oriented towards normative or prescriptive knowledge,
while science (in its distinct forms as pure and applied) is aimed
at positive or descriptive knowledge. This contrast between
science and engineering is addressed expressly by Simon, as
mentioned above, and by others more casually.

5. FROM DEFINITION TO DISCIPLINE

Without such a journey into the epistemology of science and

technology, starting with a definition of engineering takes us a
good way forward. Whiteside et al. (1988) claim, “Engineering
almost always involves construction but it differs from merely
‘building’ something ... design for a purpose (as contrasted with
tinkering and puttering) is always an essential part of the process,”
and, “engineering always operates against a background of scarce
resources: talent, materials, time, and money.”

Whiteside et al. have a particular interest in ‘usability
engineering’, but carrying through their reasonable definition
takes us quite a way towards a characterization of the discipline
of cognitive engineering more generally — from the inside out
rather than from the outside in, as offered by the epistemological
approaches. The scarceness of the resources — both physical
and cognitive (Whiteside et al. include the cognitive resource
“talent”) — mean that the solution of design problems is
dominated by the aim of arriving at effective solutions. The
designer need not chase the vain goal of optimality or greatest
economy except in relation to the requirements, but this property
of effectiveness must be pursued with as much explicitness and
rigor as possible to fulfill the aims of engineering as defined.

In particular, the effectiveness sought, according to the above,
bears on, if carried out conscientiously, the parsimonious use of
physical as well as cognitive resources, both consistent with the
requirements. So, to focus on (1) the best way (with respect to
the requirements) of carrying out the tasks (the specification of
the work to be done) and (2) the most economical (with respect
to the requirements) employment of cognitive resources results
in a division of the design problem into two partitions — that of
the work to be carried out, and that of the agency (cognitive or
joint cognitive systems) to carry it out. Such a description of the
general design problem for cognitive engineering is to be found
in Dowell and Long (1998): the duality comprising, respectively,
the Domain of Work (the domain) and the Interactive Work
System (IWS). The procedure of design, in this conception of
cognitive engineering, is to determine the domain and design
the TWS to reflect this domain, taking into account the constraints
on the cognitive system/s. Further, consistent with the definition
of cognitive engineering and with its troublesome relationship
with scientific knowledge, the domain should be determined in
as unscientific (while remaining systematic) a manner as possible.
The domain’s determination should be “ecological” (also Woods
and Roth 1988), i.e. the designer should examine the work as
done in its normal setting, not some (probably) unrepresentative
model of the work: in vivo, therefore, not in vitro. This does not
exclude resorting to scientific knowledge, but as such the input
must be recognized to be as conjectural as any other inspiration.
The knowledge, whatever its source, becomes engineering
knowledge through the practices devised and generalized in the
course of solving the design problem.

6. CURRENT AND FUTURE VIEW

Whether considered from a practical or principled angle, or from
an analysis of its terminological components, there are remarkable
similarities between the various versions of cognitive engineering,
and, in large part, the important aspects of the emerging discipline
are summed up by Woods and Roth (1988). They describe, in
round terms, its attributes as exhibited by Rasmussen (1986),
Norman (1987), Dowell and Long (1988) and others. However,
Woods and Roth’s analysis does not dwell on the manner in which
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technological knowledge is defined with respect to scientific
knowledge, and, for some, this is what needs addressing in
particular.

There is undoubtedly a problem with the unclear status of
design knowledge for reasons to do with reliability or guarantee.
If design knowledge is loosely connected to scientific knowledge
it is important to know how loosely in order to monitor and
control the connection, but once this is achieved or believed to
be achievable we have something like a distinct applied science
with its own rules and practices. And if this transition is
acknowledged we cannot easily avoid the same reflection on the
transition from this distinct discipline of applied science to that
of engineering, since plainly we must account for the move from
the positive to the normative which poses different requirements
and results in a different domain specification — this transition
bringing with it new dangers of degraded reliability. Addressing
this problematic connection between the applied scientific
knowledge and the putative engineering knowledge leads,
consequently, to the definition of engineering — in this case,
cognitive engineering. Given the many common features of the
different strands of cognitive engineering it might be profitable
to establish a common denominator in the form of an analytic or
epistemological approach to the delineation of the discipline,
thereby helping to bring unity to the fragmented area of cognitive
ergonomics and HCL.

Cognitive engineering is a natural development in the face of
increasing technical complexity and as a result of the need to
control that complexity. Together they force a re-examination of
the kind of knowledge that supports systematic design. We look

in general to science to provide guarantees of our knowledge of
the natural world. However, perhaps our understanding of the
natural world needs also the knowledge of how we manipulate it
— creating the artificial — and that this knowledge must be
allowed to establish its own guarantees; Simon’s fear that cognitive
engineering might become estranged from cognitive science
suggests that cognitive engineering can only complement and
consolidate cognitive science if it is truly independent. However,
contrary perhaps to his untroubled attitude to the confusion of
the positive and the normative, this independence requires
constant vigilance in the discrimination of the kind of knowledge
exploited by cognitive engineers.
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1. INTRODUCTION

Any mature discipline and profession requires understanding of
its core competencies. Also, the exercise of defining core
competencies is itself well worth while, because it prompts a
profession to look closely at itself, its goals and its perceived
contribution to society. Once complete, it provides a record of
standards by which the profession can ensure quality of
performance.

2. COMPETENCY STANDARDS

Competency standards do not themselves represent an outline
of certification requirements, although they may be a resource
for the certification process. Nor do they represent a curriculum
document, although they may help direct the development of a
curriculum.

3. DEFINITION OF COMPETENCY

A competency is a combination of attributes underlying some
aspect of successful professional performance. An outline of core
ergonomics competencies should describe what it is that
ergonomists can do in practice.

4. TERMS

Ergonomics competency standards have been developed in terms of

units, elements and performance criteria, which is the accepted format.

e Units of competency reflect the significant major functions of
the profession or occupation.

e Elements of competency describe the identifiable components
of ergonomics performance which contribute to and build a
unit of competency.

e Performance criteria describe the standards expected of
performance in the ergonomist’s work. Expressed in terms
of outcomes and professional ergonomics performance, they
provide the basis on which an expert assessor could judge
whether the performance of the ergonomist reached the
standard acceptable for professional practice.

5. SCOPE OF ERGONOMICS

The scope of ergonomics is broad, across many domains.
Ergonomists can be involved in both proactive and retrospective
problem solving. The contexts for ergonomics practice are diverse
and ergonomics must relate to the workplace, transport, the home
or to leisure activities, or to the use of a variety of products. The
IEA Core Competencies must acknowledge this diversity and
should be interpreted with this breadth of scope in mind.

6. USES OF CORE COMPETENCIES

Ergonomics core competencies could be used in a variety of ways.
These include:

e Development or review of curricula in ergonomics.

o Accreditation of new and existing ergonomics educational
programs.

e Development of comprehensive and equitable assessment
processes for the evaluation of a person’s professional
competence.

e Recognition by ergonomics certification authorities of the
competency of graduates holding qualifications in
ergonomics conferred by recognized institutions.

o Assessment of competence of eligible overseas qualified
ergonomists seeking to practice in another country.

o Assessment of eligible ergonomists who have not practiced
for a defined period of time and who are seeking to re-enter
the profession or to be re-certified.

e Development of continuing education programs offered by
the federated societies.

o Determination of need for continuing professional education
by employers.

e Preparation of public information defining ergonomics roles
and responsibilities.

7. BENEFITS OF NATIONAL (AND
INTERNATIONAL) COMPETENCY STANDARDS

Those who have been involved with the application of
Competency Standards have found them of benefit in the
following ways:

o National consistency.

o Chance to examine the profession and its scope.

o Better definition of the profession.

e Basis for communication at a national (and international)

level.

o A resource for education establishments and curricula.

e Provision of a more equitable basis for certification.

o Quality assurance.

8. REVIEW OF COMPETENCY STANDARDS

Any set of competencies has a limited life and this IEA document
will be reviewed on a regular basis.

9. PRESENTATION

The core competencies have been presented in two formats
“summary” and “full”.

The summary version presents the units and elements of
ergonomics competency as a summary, for those who require a
concise overview. It is expected that any assessment of an
individual or program would benchmark against this summary.

The full version presents a complete set of units, elements
and performance criteria to illustrate the standards of performance
required. This full version would be used to illustrate and give
more detail on examples of, and criteria for, professional
performance against which judgement can be made.

10. VERSION 2, MAY 1999, PPE COMMITTEE:
SUMMARY OF CORE COMPETENCIES IN
ERGONOMICS: UNITS AND ELEMENTS OF
COMPETENCY

Unit 1. Investigates and Analyses the Demands for Ergonomics Design

to Ensure Appropriate Interaction Between Work, Product or

Environment and Human Capacities and Limitations
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1.1 Understands the theoretical bases for ergonomics planning
and review.

1.2 Applies a systems approach to analysis.

1.3 Understands the requirements for safety, the concepts of risk,
risk assessment and risk management.

1.4 Understands and can cope with the diversity of factors
influencing human performance and quality of life, and their
interrelationships.

1.5 Demonstrates an understanding of methods of measurement
and interpretation relevant to ergonomics appraisal and
design.

1.6 Recognizes the extent and limitations to own professional
competence

Unit 2. Analyses and Interprets Findings of Ergonomics Investigations

2.1 Evaluates products or work situations in relation to
expectations for safe and effective performance.

2.2 Appreciates the effect of factors influencing health and human
performance.

2.3 Analyses and interprets research data accurately and without
bias, consulting appropriately where required.

2.4 Understand relevant current guidelines, standards and
legislation.

2.5 Makes and can justify decisions regarding relevant criteria
which would influence a new design or a solution to a
specified problem.

Unit 3. Documents Ergonomics Findings Appropriately

3.1 Provides a succinct report in terms understandable by the
client and appropriate to the project or problem.

3.2 Communicates clearly to the relevant workforce or general
public, and if feasible to the scientific community.

Unit 4. Determines the Compatibility of Human Capacity with Planned

or Existing Demands

4.1 Appreciates the extent of human variability influencing
design.

4.2 Determines the quality of match and the interaction between a
person’s characteristics, abilities, capacities and motivation, and
the organization, the planned or existing environment, the
products used, equipment, work systems, machines and tasks.

4.3 Identifies potential or existing high-risk areas and high-risk
tasks, where risk is to health and safety of the individual
completing the task or any others affected.

4.4 Determines whether the source of a problem is amenable to
ergonomics intervention.

4.5 Justifies decisions on ergonomics interventions or
implementations.

Unit 5. Develops a Plan for Ergonomic Design or Intervention

5.1 Adopts a holistic view of ergonomics.

5.2 Incorporates approaches that would improve quality of life
as well as performance.

5.3 Develops strategies to introduce a new design

5.4 Considers alternatives for improvement of the match between
the person and the product, the task or the environment.

5.5 Develops a balanced plan for risk control, with understanding
of prioritization and costs and benefits involved.

5.6 Communicates effectively with the client, any stakeholders,
the public and professional colleagues.

Unit 6. Makes Appropriate Recommendations for Ergonomics Changes

6.1 Makes and justifies appropriate recommendations for design-
based changes

6.2 Makes and justifies appropriate recommendations for
organizational planning-based changes

6.3 Makes and justifies appropriate recommendations for
personnel selection, education and training

Unit 7. Implements Recommendations to Improve Human Performance

7.1 Relates effectively to clients and all stakeholders, at all levels
of personnel.

7.2 Supervises the application of the ergonomics plan.

7.3 Manages change effectively and sympathetically

Unit 8. Evaluates Outcome of Implementing Ergonomics

Recommendations

8.1 Monitors effectively the results of ergonomics change
implementation

8.2 Carries out evaluative research relevant to ergonomics

8.3 Makes sound judgements on the quality and effectiveness of
ergonomics change implementation

8.4 Modifies a design or program in accordance with the results
of evaluation, where necessary.

8.5 Understands the principles of cost—benefit analysis for any
ergonomics change.

Unit 9. Demonstrates Professional Behavior

9.1 Shows a commitment to ethical practice and high standards
of performance and acts in accordance with legal
requirements.

9.2 Recognizes personal and professional strengths and
limitations and acknowledges the abilities of others.

9.3 Maintains up-to-date knowledge of national strategies and
scientific state of the art, relevant to ergonomics practice.

9.4 Recognizes the impact of ergonomics on people’s lives.

11.CORE COMPETENCIES IN ERGONOMICS: FULL
OUTLINE

11.1.Units, Elements and Performance Criteria

11.1.1.Unit 1. Investigates and assesses the demands
for ergonomic design to ensure the optimal
interaction between work, product or
environment and human capacities and
limitations

Element 1.1. Understands the theoretical
bases for ergonomic planning and review

11.1.1.1.

of the workplace
Performance criteria:
1.1a Understands theoretical concepts and principles of physical
and biological sciences relevant to ergonomics.

e Demonstrates a working knowledge of physics, chemistry,
mathematics, anatomy, functional anatomy, physiology,
pathophysiology, exercise physiology and environmental
science as they apply to ergonomics practice.

e Can apply knowledge of biomechanics, anthropometry,
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motor control, energy, forces applied as they relate to stresses
and strains produced in the human body.

e Demonstrates an understanding of the pathology relating to
environmentally or occupationally generated disorders or
causes of human failure.

1.1b Understands the effects of the environment (acoustic,
thermal, visual, vibration) on human health and performance.

1.1c Understands theoretical concepts and principles of social
and behavioral sciences relevant to ergonomics.

e Demonstrates a working knowledge of sensory, cognitive
and behavioral psychology and sociology, and recognizes
psychological characteristics and responses and how these
affect health, human performance and attitudes.

e Can apply knowledge of information intake, information
handling and decision making; sensory motor skills, human
development and motivation principles as they relate to
human performance.

e Understands the principles of group functioning and socio-
technical systems.

1.1d Understands basic engineering concepts, with a focus on
design solutions.

e Demonstrates an understanding of design and operation of
technologies in which they work.

e Appreciates hardware design problems.

e Understands and can apply the basics of industrial safety

1.1e Understands and can apply the basics of experimental design
and statistics.
1.1f Understands the principles of organizational management.
eDemonstrates an understanding of individual and
organizational change techniques, including training, work
structuring and motivational strategies.
1.1g Demonstrates an understanding of the principles of
ergonomics and human-machine interface technology.

11.1.1.2. Element 1.2. Applies a systems approach

to analysis

Performance criteria:

1.2a Demonstrates a knowledge of the principles of systems theory
and systems design and their application to ergonomics.

1.2b Demonstrates a knowledge of the principles of ergonomics
analysis and planning in a variety of contexts, and the scope
of information required to ensure quality of life.

1.2¢ Understands the determinants and organization of a person’s
activities in the field and plans the analysis according to the
organization’ strategy and purposes.

1.2d Can explain the scientific or empirical rationale for appraisals
selected and has the expertise required to perform them.

1.2e Identifies the demands of the situation and accesses sources
of appropriate information.

1.2f Develops action plans with those involved and identifies the
critical factors of the ergonomic analysis.

1.2g Carries out a systematic, efficient and goal orientated review
of demands appropriate to ergonomics, addressing the needs
of the project.

11.1.1.3. Element 1.3. Understands the
requirements for safety, the concepts of risk,
risk assessment and risk management

Performance criteria:

1.3a Recognizes the importance of safety principles, guidelines
and legislation in risk management
1.3b Understands the goals of risk management.
e Demonstrates ability to manage change.
e Understands how to gain commitment of management and
participation of worker in risk management approaches.

11.1.1.4. Element 1.4. Understands and can cope

with the diversity of factors influencing human

performance and quality of life and their

interrelationships

Performance criteria:

1.4a Understands the organizational, physical, psychosocial and
environmental factors which could influence human
performance, an activity, a task, or use of a product and knows
how to cope with adverse conditions.

1.4b Understands the impact of individual factors on other
possible factors and the implications for ergonomic
assessment.

1.4c Recognizes those aspects of the environment that are flexible
and changeable.

11.1.1.5. Element 1.5. Demonstrates an

understanding of methods of measurement

relevant to ergonomic appraisal and design

1.5a Understands the type of quantitative and qualitative data
required to clarify the basis for ergonomic appraisal and
design, and validates the measurements selected for data
collection and/or application.

1.5b Demonstrates the ability to carry out appropriate surveillance
of the nature and magnitude of risks.

1.5¢ Selects the appropriate form of measurement for the
particular context.

1.5d Applies measurement procedures and uses measurement
instruments effectively, or refers appropriately to other
ergonomics team members, to quantify load on the person
and human characteristics.

1.5e Understands the concepts and principles of computer
modeling and simulation.

1.5f Understands the use of the computer for data acquisition,
analysis and design development.

11.1.1.6. Element 1.6. Recognizes the scope of

personal ability for ergonomic analysis

1.6a Appreciates when it is necessary to consult and collaborate
with a person with different professional skills to ensure

comprehensive measurement taking and analysis.

11.1.2. Unit 2. Analyses and interprets findings of
ergonomics investigations
11.1.2.1. Element 2.1. Evaluates products or work
situations in relation to expectations for error-
free performance

Performance criteria:

2.1a Determines the demands placed on people by tools,
machines, jobs and environments.

2.1b Evaluates user needs for safety efficiency, reliability and
durability, and ease of use of products and equipment and
how these are met.
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11.1.2.2. Element 2.2. Appreciates the effect of
factors influencing health and human
performance
Performance criteria:
2.2a Has a basic understanding of the mechanisms by which
work or prolonged exposure to environmental hazards may
affect human performance or be manifested in injury, disorder
or disease.
2.2b Defines efficiency, safety, health and comfort criteria.
2.2c Specifies the indicators of poor match between people and
their tools, machines, jobs and environments.

11.1.2.3. Element 2.3. Consults appropriately
regarding analysis and interpretation of

research data

11.1.2.4. Element 2.4. Analyses current Guidelines,

Standards and legislation, regarding the

variables influencing the activity

Performance criteria:

2.4a Refers to and applies relevant scientific literature and national
and international recommendations and standards
appropriate to the project.

2.4b Matches measurements against identified Standards.

11.1.2.5. Element 2.5. Makes justifiable decisions
regarding relevant criteria which would
influence a new design or a solution to a

specified problem

11.1.3. Unit 3. Documents ergonomic findings
appropriately

11.1.3.1. Element 3.1. Provides a succinct report in

terms understandable by the client and

appropriate to the project or problem

11.1.4.Unit 4. Determines the compatibility of human
capacity and planned or existing demands

11.1.4.1. Element 4.1. Appreciates the extent of
human variability influencing design
Performance criteria:

4.1a Understands the influence of such factors as a users body
size, skill, cognitive abilities, age, sensory capacity, general health

and experience on design features.

11.1.4.2. Element 4.2. Determines the match and
the interaction between a person’s
characteristics, abilities, capacities and
motivations, and the organization, the planned
or existing environment, the products used,

equipment, work systems, machines and tasks

11.1.4.3. Element 4.3. Identifies potential or

existing high risk areas and high risk tasks

11.1.4.4. Element 4.4. Determines whether the
source of a problem is amenable to ergonomic

intervention

11.1.5.Unit 5. Develops a plan for ergonomic design or
intervention

11.1.5.1. Element 5.1. Adopts a holistic view of

ergonomics in developing solutions

Performance criteria:

5.1a Identifies the relative contribution of organizational, social,
cognitive, perceptual, environmental, musculoskeletal or
industrial factors to the total problem and develops solutions
accordingly.

5.1b Considers the impact of legislation, codes of practice,
Government Standards and industry-based standards on
defined problems and possible solutions.

11.1.5.2. Element 5.2. Incorporates approaches
which would improve quality of life in the
working environment

Performance criteria:

5.2a Provides opportunities for self-development.

5.2b Considers factors influencing the person’s sense of

satisfaction with the workplace.

11.1.5.3. Element 5.3. Develops strategies to

introduce a new design to achieve a healthy

and safe work place

Performance criteria:

5.2a Understands the iterative nature of design development.

5.2b Recognizes the practicalities and limitations of applying
ergonomics, including the introduction of change.

5.2c¢ Prepares a design specification report based on the systematic
analysis to meet the objectives of the project, for use by
industrial designers, engineers, computer scientists, systems
analysts, architects or other professionals.

11.1.5.4. Element 5.4. Considers alternatives for

optimization of the match between the person

and the product, the task or the environment

and to achieve a good performance

Performance criteria:

5.3a Establishes appropriate short and long-term goals relevant
to the defined problems, in consultation with the client.

5.3b Considers the options available and the balance of
approaches to be applied, relevant to the objectives.

5.3d Considers the potential benefits and costs of each form of
ergonomic solution.

11.1.5.5.
for risk control

Element 5.5. Develops a balanced plan

Performance criteria:

5.4a Appreciates the background information required for
effective risk management.

5.4b Understands how to control adverse physical and chemical
conditions and major pollutants.

5.4c Establishes priorities in relation to level of risks identified,
and to their consequences for health safety:.

5.4d Selects appropriate forms of risk control, based on theoretical
knowledge and ergonomics practice and develops a
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comprehensive, integrated and prioritized approach for
realistic risk control.
5.4e Identifies where assistive devices and aids could enhance
compatibility between the person and the environment.
5.4f Considers the needs of special groups (e.g. aging or disabled).

11.1.5.6. Element 5.6. Communicates effectively

with the client and professional colleagues

Performance criteria:

5.5a Discusses with the client, users and management the design
or intervention strategies available, their rationale, realistic
expectations of outcome, limitations to achieving outcome,
and the costs of the proposed ergonomics plan.

5.5b Establishes effective relationships and collaborates effectively
with professional colleagues in other disciplines in the
development of ergonomic design solutions.

11.1.6.Unit 6. Makes appropriate recommendations for
ergonomic design or intervention

Element 6.1. Understands the hierarchies
of control systems
6.1a Recognizes the safety hierarchy, application of primary and

11.1.6.1.

secondary controls and the order of introducing controls.

11.1.6.2. Element 6.2. Outlines appropriate

recommendations for design or intervention

Performance criteria:

6.2a Utilizes the systems approach to human—workplace inte-
grated design for new or modified systems and understands
design methodology and its use in systems development.

6.2b Applies correct design principles to design of products, job
aids, controls, displays, instrumentation and other aspects
of the workplace, work and activities and considers human
factors in the design of any utility.

6.2¢ Drafts systems concepts for a functional interaction of tasks/
technological variants, work means/tools, work objects/
materials, work places/work stations and the work
environment.

6.2d Develops appropriate simulations to optimize and validate
recommendations.

6.2e Outlines details of the appropriate concept and develops
specific solutions for testing under realistic conditions.

6.2f Provides design specifications and guidelines for
technological, organizational and ergonomic design or
redesign of the work process, the activity and the
environment which match the findings of ergonomic
analysis.

6.2g Is able to justify recommendations.

11.1.6.3. Element 6.3. Outlines appropriate

recommendations for organizational

management

Performance criteria:

6.3a Understands the principles of total quality management.

6.3b Recognizes the need to design organizations for effective
and efficient performance and good quality of work place.

6.3c Recommends changes to the organizational design

appropriate to the problem identified.
6.3d Considers issues such as participation, role analysis, career

development, autonomy, feedback and task redesign as
appropriate to the client and defined problem.

11.1.6.4. Element 6.4. Makes recommendations

regarding personnel selection

Performance criteria:

6.4a Recommends personnel selection where appropriate as part
of a balanced solution to the defined problem.

6.4b Applies appropriate criteria for personnel selection, where

relevant, according to the nature of the demands.

11.1.6.5. Element 6.5. Develops appropriate
recommendations for education and training in
relation to ergonomic principles
Performance criteria:
6.5a Understands current concepts of education and training
relevant to application of ergonomic principles, including
encouragement of learning.
6.5b Implements effective education programs relevant to under-
standing the introduction of ergonomic measures or to the control
of potential risks in the workplace, home, public or leisure
environments, and to achieve safe and comfortable and
successful performance and productive output in new and/or
changed activities.

11.1.7.Unit 7. Implements recommendations to
optimize human performance

11.1.7.1. Element 7.1. Relates effectively to clients

at all levels of personnel

Performance criteria:

7.1a Communicates with the users, management and other
professional colleagues in relation to method of
implementation of the new design or risk control measures.

7.1b Uses appropriate processes to motivate the client to
participate in the recommended ergonomics program and to
take responsibility for achieving defined goals.

7.1c Where appropriate, provides individual guidelines for
personnel in a form understandable to the client.

11.1.7.2. Element 7.2. Supervises the application of

the ergonomic plan

Performance criteria:

7.2a Implements appropriate design or modifications.

7.2b Facilitates the adaptation to new approaches to activity.

7.2c¢ Provides appropriate feedback on progress to client.

7.2d Incorporates methods to allow continuous improvement.

11.1.7.3.
Performance criteria:

Element 7.3. Manages change effectively

7.3a In a work environment, where necessary, overcomes
resistance of workers, managers and labor unions to change,
and gains their cooperation for implementing new
approaches.

11.1.8.Unit 8. Evaluates outcome of implementing
ergonomic recommendations
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11.1.8.1. Element 8.1. Monitors effectively the
results of ergonomic design or intervention
Performance criteria:
8.1a Selects appropriate criteria for evaluation.
8.1b Assesses level of acceptance of and satisfaction with
implemented ergonomic measures.
8.1c Produces clear, concise, accurate and meaningful records

and reports.

Element 8.2. Carries out evaluative
research relevant to ergonomics

11.1.8.2.

Performance criteria:

8.2a Demonstrates rational, critical, logical and conceptual
thinking.

8.2b Critically evaluates new concepts and findings.

8.2¢ Demonstrates a knowledge of basic research methodology
for ergonomics research in an area relevant to individual
€rgonomic expertise.

11.1.8.3. Element 8.3. Makes sound judgements on

the quality and effectiveness of ergonomics

design or intervention

Performance criteria:

8.3a Considers the cost effectiveness of the program in
terms of financial implication, improvement in
productivity, product usability and human requirements
for the enhancement of comfort and safety.

11.1.8.4. Element 8.4. Modifies the program in

accordance with results of evaluation, where

necessary

11.1.9.Unit 9. Demonstrates professional behavior

11.1.9.1. Element 9.1. Shows a commitment to
ethical practice and high standards of
performance and acts in accordance with legal
requirements

Performance criteria:

9.1a Behaves in a manner consistent with accepted codes and

standards of professional behavior.

11.1.9.2. Element 9.2. Recognizes personal and

professional strengths and limitations and

acknowledges the abilities of others

Performance criteria:

9.2a Recognizes extent of own knowledge in ergonomics, appreciates
areas where knowledge and skill are lacking and knows what to
do and whom to contact to access missing expertise.

9.2b Demonstrates a desire for life long learning, regularly reviews
and updates knowledge and skills relevant to current practice
of ergonomics, to ensure appropriate breadth and depth of
understanding.

9.2¢ Recognizes those areas of ergonomics where knowledge is
limited and consults appropriately with professional
colleagues to ensure application of relevant expertise to
particular problems.

9.2d Recognizes the value of tem work between multidisciplinary experts.

11.1.9.3. Element 9.3. Maintains up-to-date

knowledge of national strategies relevant to

ergonomics practice

Performance criteria:

9.3a Demonstrates knowledge of government legislation relating
to occupational health, control of environmental hazards and
other areas relevant to ergonomics practice.

9.3b Understands the industrial, legal and liability issues that
impact upon professional ergonomics practice, and takes

appropriate action regarding them.

11.1.9.4. Element 9.4. Recognizes the impact of

ergonomics on peoples’ lives

Performance criteria:

9.4a Appreciates the social and psychological impact of
ergonomics investigations.

9.4b Appreciates professional responsibilities and requirements.
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1. THE CONCEPT OF CULTURAL ERGONOMICS
1.1. History

The term “cultural ergonomics” was first introduced in print by
Kaplan (1991) while formally setting forth many of the field’s
features. Pioneering contributions by Chapanis (1975) and
Wisner (1989) appeared earlier. The environment in which the
new discipline began to emerge had been expanded by two rele-
vant factors: (1) concerns for industrially developing countries
had been introduced especially by Sen (1984), Shahnavaz (1984),
and Kogi (1985); (2) Hendrick’s groundbreaking work (Hendrick
1987) on macroergonomics had enlarged the scope of ergonom-
ics by encouraging attention to ergonomically relevant human-
human concerns. The concentration on cultural considerations
fits into this milieu very well.

1.2. Focal Elements Encompassed by the
Concept

1.2.1. The cultural milieux of ergonomics

The role of the cultural settings in which work activities occur

has been emphasized by Kaplan (1998). Noting the great variety

of human groupings, both large and small, in the world’s

approximately 250 countries (themselves milieus), he argued that

“whenever we focus upon a particular example of work, we may

speak of the cultural milieu in which it is occurring.” Various

milieus are shown in Figure 1.

Figure 1. Types of Culture and Cultural Settings

Figure 2. A performance-culture relationship: judgment of
picture quality on a monitor as a function of equipment
impairment, with country of judges as a parameter
(adapted from Gleis and Renhall, 1986; reprinted with
permission of Televerket, Farsta, Sweden).

The kinds of human work are many and various. But ac-
cording to Kaplan, whatever the work, when it is a subject for
ergonomic tasking, it calls for recognition of cultural considera-
tions. It was recommended that, when approaching a task, the
ergonomist should ask the following questions and, in its
execution, take appropriate account of the answers:

e What are the characterisitcs of the cultural milieu in which

the work is performed?

e What are the implications for conduct of the work?

e What are accustomed ways of behaving and performing the

tasks by the individuals involved?

e What do individuals bring from their cultural backgrounds

to this cultural/work environment?

1.2.2. Human performance and human interfacing

In work environments worldwide, the performance of tasks and,
when applicable, the human interfacing that affects the perfor-
mance are susceptible to cultural influence. This is a central feature
of cultural ergonomics, and it applies both to individual
performance and to the group performance that is integral to
teams and sociotechnical systems. It also gives rise to the notion
of culture as an independent variable and as a parameter of
functions relating properties of performance to other independent
variables that determine them (Figure 2).

More broadly, one may speak of performance-culture
relationships, where the performance is occurring in a work
environment. Such relationships and pertinent problems requir-
ing solutions and research can be seen throughout topical areas
of ergonomics and in relevant aspects of related disciplines such
as experimental psychology, industrial psychology, learning
psychology, sensory psychology, social psychology, industrial
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engineering, business and management, anthropology, and
political science.

1.2.3. Cross-national and cross-cultural comparisons
The necessity of developing workable approaches to ergonomic
issues with wide-ranging and even global consequences has
engendered a need for acquisition and codification of compara-
tive national and cultural information for designing effective and
desirable work procedures and programs. Typical areas of con-
cern are (1) international standardization, (2) international varia-
tions in occupational health and safety regulations, as in the US
National Institute of Occupational Safety and Health (NIOSH)
and comparable agencies in other countries, and (3) well-being
of workers (International Labour Office 1984).

1.2.4. Ergonomic involvement in critical global-level
issues

Extending beyond the confines of discrete cultural settings are
problems in which the world itself is the cultural milieu. As
enumerated by Moray (1995), they include population pressure,
pollution, water shortage, urbanization, food, energy, health and
medicine, waste, violence and terrorism, migration, and the clash
of cultures. They go beyond usual notions of ergonomics, but
Moray sees a role for ergonomics. Arguing that solution of these
problems “requires changing human behaviour,” he suggests an
interdisciplinary approach where “what ergonomics has to
contribute to [these] problems ... is essentially a technology for
changing behaviours to that which offsets the problems.”

1.3. A Summary of Cultural Ergonomics

An integration of the foregoing focal elements, cultural ergo-
nomics is currently regarded as a coalescence of topical areas
belonging to ergonomics and related disciplines, where each topi-
cal area is susceptible to some form of cultural influence. It seeks to
understand how cultural factors influence and interact with
human performance and human interfacing in work environ-
ments worldwide. In relation to the cultural settings in which
they occur, it explores relevant applied human factors problems
and endeavors to design effective solutions for them.

2. TAXONOMY

Given the sizable number and variety of topical areas that are
encompassed in the subject matter of cultural ergonomics, there
has been a felt requirement for the organization of its content
into a workable framework (Kaplan 1998). Here is a proposed
taxonomy.

2.1. Categories of Cultural Concern and
Culturally Influenced Topical Areas
Comprehensive categories of cultural concern in ergonomics are
subdivided into culturally influenced topical areas. Here are the
proposed categories followed by some of their topical areas:

e Interaction of cultural variables and standard areas of HFE
Cultural factors in anthropometry, biodynamics, audition,
voice communication, visual perception and displays, con-
trols, human-computer interaction, lighting, temperature,
humidity, ventilation, ability assessment, work layout, shift
work and hours of work, safety, simulation and training.

e Industrially developing countries and technology transfer
Analysis of cultural differences with regard to technology

design and utilization (Shahnavaz 1994), ergonomic prob-
lems, implementing technology transfer, adapting work pro-
cedures to local practices, needed training, adapting training
to culture, applying anthropotechnology, using approaches
from cognitive anthropology, language and communication
problems, shift work.

e Comparative national and cultural approaches to safety issues
Aviation and aerospace safety; railroad, maritime, and high-
way safety; local culture influence on the safety culture and
power plants; regulation of chemical, gas, biological, and
nuclear hazards; safety on the shop floor; industrial safety
regulation; international variation in power plant design and
safety (Parsons and Taylor 1995); interaction with time of
day and performance; attention to age factors; role of abili-
ties and problem-solving facility.

Organizational design, functioning, and management

Heterocultural teams and workplace diversity, multination-
al enterprises, international space station, cultural interac-
tions with macroergonomics and participatory ergonomics,
cultural variations in motivators, language and communi-
cation in business and industry, modifying products for other
countries, modifying work and management procedures for
other countries, influence of individualism or collectivism
and related dimensions in varied work environments.

Cultural variation and training needs

Managing cultural influences affecting students’ reactions
to cultural or national variations in the teaching of know-
ledge and skills, adapting teaching to variations in cultural
backgrounds, determining and dealing with variations in
cultural reactions to simulation training, designing training
for harmonious functioning of heterocultural teams, using
training techniques from behavior analysis to rapidly over-
come gaps between deficient skill levels in industrially un-
derdeveloped countries and those required for implementing
new technologies, using these techniques to produce the
behavioral modifications necessary for resolution of global
ergonomic problems (Moray 1995).

3. COMPLEXITY IN CULTURAL INFLUENCE:
HETEROCULTURAL TEAMS

When examining performance-culture relationships, it is general
to observe discrete cultural factors generating particular perform-
ance consequences, as in a foreign language or accent clouding
accurate communication between pilot and tower in the English-
language environment of air traffic control. Also there are multiple
consequences from the heterocultural composition of teams
(Morgan et al. 1994) and sociotechnical systems. They arise from
the involvement of more than one individual and from the
interactions generated within these groups.

Attention to cultural and ergonomic concerns in the func-
tioning of teams and sociotechnical systems is of special im-
portance, since they lie at the heart of so many work activities
throughout the world, some of them critical for human sur-
vival, e.g., air transport, defence operations, and coping with
disaster.

3.1. Interactions
Whatever the outcomes of their functioning, whatever the
measures of their performance, teams and sociotechnical systems
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reflect the contributions of individual members and components.
And each individual is exposed to cultural factors. These cultural
factors may influence or determine characteristics of the
individuals that in turn affect their performance.

Among these characteristics, themselves at least partially func-
tions of culture, one can cite aspects of personality; motivation
and specifiable incentives to work; knowledge, skills, and abili-
ties; and attitudes toward a variety of concerns, such as authority,
other individuals and groups, work requirements, and ones self.

It is a complex undertaking to specify the cultural factors
and the ways in which they relate to particular characteristics,
and it is equally complex to spell out (a) how these characteris-
tics interact to determine individual performance and (b) how
individual performances interact to produce team and system
outputs. Systematic research on these matters is indicated.

3.2. Comparative Effectiveness of

Heterocultural and Homogeneous Teams
Ultimately, culturally oriented microanalysis may be useful in
accounting for the effectiveness of heterocultural team and system
outputs. Current examples of these outputs and some cultural
aspects of the teams producing them are introduced in the next
sections.

3.2.1. Positive consequences of cultural diversity for
performance outcome

In some cases of group decision making, heterocultural groups
can be more effective than their homogeneous counterparts in
identifying problems and generating alternative solutions.
Research by Watson et al. (1993) showed this effect appearing
midway in a 17-week group decision-making task. Each of their
heterocultural groups contained a White American, an African-
American, a Hispanic-American, and a foreign national from Asia,
Latin America, Africa, or the Middle East.

In actual work settings that bring together individuals from
different cultures, “groupthink” and its consequences can be
avoided in decision-making activities. The quality and diversity
of new ideas, as in the management strategy of idea generation
and implementation, can be significantly improved by drawing
on team members’ unique cultural qualities and strengths. A
similar positive contribution of diversity is evident in the design
of work procedures (e.g., in space walks) and in engineering plans
for the international space station, which draw upon specialized
experience and resources from 16 nations.

3.2.2. Negative consequences of cultural diversity for
performance outcome

Hostility arising from cultural background issues can lead to errors
and failures in the execution of team tasks. The international
space station provides the setting for potentially serious problems
and danger in the interfacing among its crew members. Here are
some culturally generated issues that have caused difficulties on
short international missions and which have been reported in
surveys and interviews: personal hygiene, religious practices, food
preferences, misinterpretation or lack of humor, approaches to
decision making, refusal to accept alternative points of view (Santy
et al. 1993, Lozano and Wong,1996).

Cultural variation in the perception of risk is another problem.
Research by Vredenburgh and Cohen (1995) showed that com-

pared with Asian subjects, Hispanic, Caucasian, and African-
American groups perceived a significantly higher risk in certain
situations. Wherever joint participation is required to assure that
a dangerous task is accomplished, it could be jeopardized by
those team members who, perceiving too high a risk, may be
loath to take part. So-called independent and interdependent
views of one’ self, a function of culture, when jointly represented
in a team, may disrupt group performance.

In the independent case, typical of Western cultures, the self
is seen as separate from the “social context” and bears little rela-
tionship to family, friends, and coworkers. The interdependent
case, common to Asian cultures, entails deep involvement with
social context (Markus and Kitayama 1991). It has been suggested
that where both types are present, independent members might
seek to stand out from other team members or promote their
own goals over and above the team’ goal, thus lessening team
cohesiveness and possibly generating conflict.

4. PROGRESS IN CULTURAL ERGONOMICS

4.1. Infrastructure

An International Center of Cultural Ergonomics has been initiated
at the University of Central Florida. A central place for channeling
information and for communicating among workers and students
in the field, it maintains the Cultural Ergonomics Clearinghouse
and a website called Culturelink; it also fosters research and
educational projects.

4.1.1. Data files

Two sets of files, the topical area files and the regional/cultural area
files have been started within the Cultural Ergonomics Clearing-
house. Their purpose is to organize in a central location both
new and hitherto scattered examples of performance-culture
relationships associated with the numerous topical and regional/
cultural areas.They are intended as a resource for practitioners,
researchers, and students.

4.2. Extension of the Taxonomy

Here are some categories of cultural concern that may be added
to the taxonomy or given increased attention: (1) human-
computer and human-systems interfaces, (2) standardization, (3)
ergonomic approaches to aging problems, (4) ergonomic
approaches to disability problems, (5) ergonomics and technology
of design.

4.3. University Curricula

The first formal course in cultural ergonomics has been intro-
duced at the University of Central Florida along with supervised
graduate study in the field. Arguments have been adduced for
increasing graduate study and graduate research as part of
ergonomics curricula (Kaplan 1998).
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The focus of this encyclopedia is ergonomics and human factors.
The title International Encyclopedia of Ergonomics and Human
Factors in some respects suggests that ergonomics and human
factors are possibly two separate subject areas which are being
covered. The conjunctive “and” strongly supports this
interpretation. If ergonomics and human factors were
synonymous, why not just use one name? Several years ago, the
main professional organization of this area in the United States
decided to change its name by adding the term ergonomics. They
also decided to add the conjunctive “and.” It is now called the
Human Factors and Ergonomics Society (HFES). If ergonomics
and human factors are the same, then why not use a slash instead
of the “and” and call it Human Factors/Ergonomics Society? And
for that matter why not call this encyclopedia, the International
Encyclopedia of Ergonomics/Human Factors? It is difficult to
pronounce a slash (so it is usually silent), but persons unfamiliar
with the field would probably find the slash version even more
strange sounding, hearing a string of three words and not knowing
if one or two are adjectives. If you are going to keep both
ergonomics and human factors in the name — ‘and’ sounds better.
In fact, there is a journal that uses “and”, Human Factors and
Ergonomics in Manufacturing. This journal is edited by the same
main editor of this encyclopedia (Professor W. Karwowski).
Many professionals consider the terms ergonomics and
human factors synonymous, although others do not necessarily
concur. To some, ergonomics has a traditional relationship with
the physical aspects of work, while human factors has a greater
relationship to cognitive involvement. Ergonomics evolved from
studying the interactions between humans and their surrounding
work environment (with environment defined broadly to include
machines, tools, the ambient environment, tasks, etc.). Use of
the term “human factors” tends to be a North American
phenomenon with individuals who do work (research, teaching,
practicing) that is most concerned with “above the neck”
processing (perceptual and cognitive processes, etc.). The rest of
the world more frequently use the term ergonomics to include
“above the neck” processing as well as “below the neck”
processing. In the latter, the areas of biomechanics and physical
workplace design are emphasized. The use of the term ergonomics
in the United States typically implies “below the neck” activities.
More recently in the United States, ergonomics has been
added to names having the label human factors as ergonomics
became better known (through mass market public media, such
as advertising for cars and chairs). Also the superordinate
organization, a level over the national and culture-specific
organizations of the field, is called the International Ergonomics

Association. Further, all of the worldwide societies use a form of
the word ergonomics, not human factors.

Since ergonomics has been more closely allied with the
physical aspects of the field, to distinguish it better from the more
mental/cognitive part, there has been increasingly greater use of
the label “cognitive ergonomics” versus “industrial or occupational
ergonomics.” Indeed a technical group in HFES has been formed
using this name. There is a journal, International Journal of
Cognitive Ergonomics. One could contrast the name with another
journal called the International Journal of Industrial Ergonomics,
although there is some overlap in subject matter covered in them.
We expect to see greater use of the term ergonomics, but we also
expect to see people distinguishing between the physical and
cognitive sides of the field.

There appears to be a growing consensus that human factors
and ergonomics (HF/E) refer essentially to a common body of
knowledge. Despite this confluence, we still suffer from a lack of
name recognition. The lay public, business, government, and
academics generally do not have much of an idea what the field
is all about. Most individuals have little problem understanding
what established areas like physics, chemistry, mathematics, and
astronomy deal with. Like similarly recognized subjects such as
history and geography, these areas form the basis of school
curricula. The relatively new field of psychology, which is about
100 years old, has become such a well-recognized area that many
high schools now offer courses in it. HF/E has this not reached
this level of exposure. In fact, exposure to the field is rather scant
even for students in colleges and universities. Martin and Wogalter
(1987) examined the availability of HF/E courses to college
students in the United States. Fifty schools were selected randomly
from each of four categories of universities and colleges (research,
doctoral, masters, and baccalaureate/liberal arts) from a listing
of four-year colleges and universities in the United States. Only
2% (one school) in the sample of liberal arts colleges and only
10% of the master’s universities had a course in HF/E. Of the
doctoral institutions, 62% had not a single HF/E course, and
44% of the research institutions had no HF/E courses. Other
than a brief mention in a back chapter of an introductory
psychology text book or of an industrial/organizational
psychology text book, most college students have virtually no
(or at best, scant) opportunity to learn about the field. This is
particularly true if the university does not have an Industrial/
Systems Engineering Department.

One obvious and crucial problem lies in the two predominant
names that we have talked about above. Human factors is a
general, indistinct term; one cannot derive from this name the
content of the knowledge domain. A lay person might guess that
the field deals with human beings, but they probably would not
recognize that it deals with (among other things) people
interfacing with technology. Rather, the lay person might expect
that a human factors psychologist deals with some special form
of therapy, or perhaps, person-to-person interaction (and
interestingly, this is one of the few domains that human factors
does not address). Also, an engineer who says their area is human
factors will also have problems eliciting much understanding by
lay persons either.

With the term ergonomics, the problems are different. One
is that, unfortunately, the word ergonomics is very close to
economics; the two can easily be confused by listeners and
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readers. But considering this differently, this resemblance can
turned into an advantage as Hendrick (1996a) did in his
influential publication entitled “Good Ergonomics is Good
Economics.”

The “ergo” of ergonomics means work. The breadth of the
field could be considered constrained by this prefix. Thus, how
“work” is defined is critical. Many people may limit “work” to
mean activities associated with employment. This frame of
reference would not include leisure pursuits, an area certainly
covered by the field’s intent. Work can, however, be interpreted
broadly, as in its meaning that it involves the general physical
expenditure of energy to accomplish a goal. Thus, most of what
of humans do (and their bodily processes) could be justifiably
considered to be work, and thereby, ergo-related.

But what besides work and the involvement of humans define
the field? Whatever the actual name, it should be asked how the
area is bound, what is its unique knowledge content, what are its
central theses, and how do we provide a concise, succinct
statement that characterizes the area? Here, we address the
definition question, not simply as another exercise in polemics,
but rather as a fundamental evaluation of where our area stands
at the start of a new millennium and to distill a way to advance
our enterprise to a higher level of societal recognition and value.

One way to examine how an area embraces its domain is to
see how it is being represented in various definitions. Definitions
reflect how people specify some topic or concept using available
language. Terms most frequently used to describe an area’s scope

Table 1. Example definitions.

Brown, 0., and Hendrick, H.W. (1986)
... the relations between man and his occupation, equipment,
and the enviroment in the widest sense, including work, play,
leisure, home, and travel situations.

Chapanis, A. (1995)
...is a body of knowledge about human abilities, human
limitations and other human characteristics that are relevant
to design

Hancock, P. A. (1997)
... is that branch of science which seeks to turn human-
machine antagonism into human-machine synergy.

Mark, L.S. and Warm, J.S. (1987)
... attempts to optimize the fit between people and their
enviroment.

Howell, W. and Dipboye, R. (1986)
Person-machine system design.

Meister, D. (1989)
... the application of behavioral principles to the design,
development, testing and operation of equipment and systems.
Clark, T.S. and Corlett, E.N. (1984)

... study of human abilities and characteristics which affect
the design of equipment, systems, and jobs and its aims are to
improve efficiency, safety, and well being.

Sanders, M.S. and McCormick, E.G. (1993)
... designing for human use.

Wickens, C.D. (1992)

... is to apply knowledge in designing systems that work,
accommodating the limits of human performance and
exploiting the advantages of the human operator in the
process.

Table 2. Moderate-length definitions formed from the most
frequent terms

(a) Designing and engineering human-machine systems.

(b)  Applying science to people performing in working
enviroments.

(c)  Studying man's limited capabilities relate to safe job
operation

(d)  Improving knowledge on the fit between users and tasks.

(e)  The interface between people and machines in systems.

can be a significant source of insight. In the present work, we
extracted concise phrases describing HF/E from a previous work
(Wogalter et al. 1998) that involved analysis of numerous
definitions.

Previously, we took the language from a set of 134 definitions
from 78 sources compiled by Licht, Polzella, and Boff (1990),
and supplemented them with another 56 definitions from 35
sources of various kinds including HF/E textbooks and brochures,
World Wide Web sites, introductory psychology, industrial/
organizational psychology and safety engineering textbooks
(Wogalter et al. 1998). Definitions selected were intended to
describe the field circumscribed by one or more of the following
names: ergonomics, human factors, human factors engineering,
and engineering psychology. Some were short, dictionary type
definitions (e.g., “the study of work” and “human-machine
interface”); other were much longer accounts giving the contents
and goals of the field. Example definitions are given in table 1.

In the process of limiting the final list to the most frequently
mentioned content words, Wogalter et al. (1998) first stripped
the original set of definitions of certain elements, such as
connecting words (e.g. the, and, to, which) that were unlikely to
reveal meaningful interpretation. Additionally, the basic names
designating the field were deleted, e.g. the term “ergonomics”
was deleted if it appeared as part of the definition. The terms
“human factors”, “human factors engineering”, and “engineering
psychology” were also deleted when they co-occurred in these
specific sequences, but the terms themselves were retained if they
occurred in other word contexts and sequences. The remaining
terms were then sorted alphabetically. Words with identical prefix
roots were combined when the ending/suffix did not change the
basic meaning of the word. Words with high frequencies were
then used to create definitions of moderate length that express
the field of HF/E.

Wogalter et al. (1998) argued that the content words with
the highest frequency of mention across the included 134
definitions suggests that they are meaningful components
describing the field. By combining these high frequency terms,
basic or core definitions of the field can be formed. Moderate
frequency terms could be used elaborate the definitions with
additional terms that include the methods, goals, and other
details. On example is: HF/E involves the application of
engineering design to the study and production of safe and
efficient human-machine systems. Other examples include
Chapanis’ (1995) and Wicken’s (1992) definitions in table 1. A
few additional examples of moderate length appear in table 2.

In Table 3, we have categorized the set of terms in another
way. Here there is a small set of categories under the headings
who, what, how, when/where, and goal. A quick study of this
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Table 3. A short list of terms assigned to a simple category
structure describing human factors/ergonomics.

Who What How When/Where  Goal
human system engineering enviroment safety
people machine designing work comfort
users equipment  applying life efficiency
person product studying

technology  optimizing

categorization undoubtedly inspires a well-suited definition or
two. The table also provides a concise set of reference terms for
describing our field to others.

Across the entire set of definitions examined in this exercise,
the statements reflect a diversity in detail and purpose, varying
in how much is given on the field’s content, methods, and goals.
Sometimes it was difficult to tell whether the wording was actually
a definition. Wogalter et al. (1998) tended to be liberal in accepting
wording as a definition. Under different criteria, some statements
would not be considered to be a true definition, but rather a
description of methods or goals.

A recent survey and a series of focus groups in the United
States (Hendrick 1996b) revealed that one of the primary
complaints of HFES members was that untold numbers of people
outside the field know little, if anything, about our field. As we
discussed at the outset, part of the problem has been our name,
but also some of the problem may be that our definitions are not
user-friendly. While we formed some of the word groupings and
definitions ourselves (which undoubtedly reflect some our own
personal biases), they were not produced considering the varied
population groups to whom they may be proffered. Using the
word lists, a different set of definitions could be formed to target
different recipient groups (e.g. lay persons vs. engineering/science
experts). In fact, we believe that you can tailor definitions to a
specific audience with whom you are speaking to or working.

Technology is a powerful single force that is shaping human
behavior. Too often, technology is “mindless” with respect to the
individuals who either use it or are affected by it. A small but
growing group of professionals seek to mediate between growing
technical systems and their human users. As technology become
complex, there needs to be even greater efforts in HF/E to enable
synergistic relationships. Such an effort will be crucial to the path

of true technological progress in the coming years. In order to
play its role more effectively, the field needs a clear, concise
unequivocal and usable term to describe our efforts. We suspect
that the term ergonomics will take that role, along with adjectives
of physical and cognitive.
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1. INTRODUCTION

Design (1) is the kind of meta-action (an activity), the supreme
purpose of which is a conceptual preparation of change,
particularly of other action (actions or systems of them) or any
ofits elements; (2) the noun “a design” is a description (a pattern)
of an artifact thought needed and thus is worthy to be
implemented for the purpose of a change; and (3) the verb “to
design” is to perform an action (a meta-action) aimed at
formulating a design.

In different languages, i.e. in different cultural
environments, words of different etymology are used as labels
of a concept of design. Let us examine the most characteristic
ones.

In English, it is design itself based on the Latin designo = “to
to point out,
unseal,” “to manage.” In many languages (whether Anglo-Saxon

» o« » o« » o«

define, to mark,” “to form”; and dissigno = “to
or not) design, taken this time from the English not from the
Latin, means “industrial design,” i.e. design with an aesthetic
flavor, e.g. disseny in Catalan, diseno in Castilian (Spanish), estetique
industerille in French. Also, French equivalents for design are
dessein, which means “intention,” or dessin, which means “pattern”
(Polish desen = decorative design).

Generally, the French ultimate equivalent to design is

» o«

conception from the Latin conceptio = “concept,” “conception.” In
Polish and other Slavic languages the label is projektowanie based
on the Latin proicio = “to place something ahead” (like in English
“to project a missile”), which is similar to German projektirung of
the same Latin origin. In both languages “engineering design,”
especially mechanical one, is labeled konstuowanie, konstruirung

» @

respectively from the Latin construo = “to cast,” “to arrange.” In
one group of languages different kinds of design are labeled
through using one noun (e.g. tervezes in Hungarian) plus different
adjectives, while in the other group of tongues different nouns
are used. It reflects different beliefs in the unity or disunity of the
different kinds of human activity in question.

All languages are unified, however, in one common question,
namely whether design and planning are synonyms (like suunnitella in

Finnish) or not like (sheji = “design” and jihua = “planning” in Chinese).

2. PLANNING AND DESIGN
According to Nadler (1981),

Planning and design are classified together ... because their
definitions overlap. The words are often used interchangeably
as in "Planning a vacation,” or "designing a health care
delivery system.” No purpose is served by saying that
"planning” is open-ended while "design” is specific, or that
the former has a longer time horizon, or that the latter is
project-rather than program-oriented. Whether it be an
architect's blue print, a five-year land-use map, or a family's
financial plan, solution specifications are detailed, resource
allocations are proposed, innovation is encouraged, and
purposes are defined — and this is planning and design.

On the other hand, according to Bunge (1985), design and
planning are different, though subsequent, phases of the
technological process: “technology may be regarded as the field
of knowledge concerned with designing artifacts and planning
their realizations, operation, adjustment, maintenance, and
monitoring in the light of scientific knowledge.”

3. DESIGN AND PRAXIOLOGY

The praxiological point of designing and planning is similar to
the Nadler (1981) one, for praxiology recognizes different names
for the same kind of human action taken from a methodological
point of view. Praxiology, however, accepts traditional names of
design/planning-like professions, e.g. architectural design versus
urban planning, organizational design versus economical
planning, etc. (Gasparski 1993). That position is close to the one
expressed by Simon (1981):

The second state in decision making is to device or discover
possible courses of action. This is the activity that in fields
like engineering and architecture is called “design”; in military
affairs “planning”; in chemistry “synthesis"; in other contexts
“invention,” "composition”; or that most approving of labels

— “creation.”
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1. INTRODUCTION

Over the years many diverse approaches have evolved to study
problems in human factors, typically with origins from the field
of psychology. This diversification is due to the very large range
of problems and multidisciplinary nature of human factors. A
number of approaches (e.g. the information processing approach)
focus predominantly on the behavior of human operators with
less emphasis on the context or environment where work takes
place. These approaches may be efficient and useful when work
domains are relatively predictable, and tasks are routine and
stable. However, many modern work systems are complex, have
great flexibility in operation, and have unanticipated situations
that require problem solving and appropriate intervention. For
these systems, it is important that tasks and actions be considered
in the context of the work situation. A relatively new approach
based on the ecological perspective accounts for the capabilities
and limitations of human operators as well as the context and
environment where actions are performed. This approach
provides a way of studying human operators, the work
environment and their interactions within a single, coherent
framework.

The purpose of this chapter is to describe this ecological
approach to human factors. The first section presents an overview
of the ecological approach, including its foundations and
fundamental characteristics. The second section discusses the
implications of the ecological approach to human factors in terms
of the fundamental characteristics, as well as some examples of
how the approach has been applied to human factors problems.
The final section discusses the benefits and limitations of the
ecological approach to human factors.

2. FOUNDATIONS OF THE ECOLOGICAL
APPROACH

The ecological approach is a systems approach for studying the
interactions between human organisms and their environment
(Meister 1989, Flach 1990, Vicente 1990). The approach has its
foundations with the research of Brunswik (1956) and Gibson
(1979) in the field of ecological psychology. Each researcher
differed in the details of their respective views, but there were a
few aspects in common. As a key similarity, both shared the notion
that the interaction between the human organism and its
environment is at the root of psychology. In contrast, the prevalent
view of psychology, referred to as the organismic approach, has
been the study of human behavior in relative isolation from its
environment (Meister 1989, Flach 1990, Vicente 1990).
Central to the ecological approach are the dual notions that
the environment offers the human organism opportunities for
action and the human organism adapts to the structure of the
environment. These insights are important for studying human
behavior, because characteristics of the environment both guide

and constrain human behavior. Gibson (1979) referred to these
opportunities for action as affordances. It is useful to describe
these affordances in relation to system purposes. Thus, affordances
are a functional description of the environment relevant to the
human operator. As a result, an ecological approach to human
factors must start by analyzing the environment and its
constraints, relevant to the human operator, before studying
human behavior in that environment. This tenet contrasts with
the organismic approach, which does not emphasize the
importance of the environment, and typically starts by studying
human behavior independent of context (Flach 1990, Vicente
1990).

The next section describes the four fundamental
characteristics of the ecological approach: reciprocity of person
and environment, representative design, primacy of perception,
and analyzing the environment first.

2.1. Reciprocity of Person and Environment

Key to the ecological approach is the notion that the human
operator and work environment are reciprocally coupled and
cannot be studied independently from one another. The coupled
interactions between the two form the basis for understanding
human behavior. The environment is functionally described with
reference to the human operator in terms of affordances or
opportunities for action. If the human operator directly or
indirectly perceives the affordances, they can guide actions in
the environment. In this way, the human operator’s behavior is
constrained by the environment.

A simple example to illustrate this point, based on a case
study by DeSanctis (1984), is the difference between sales graphs
and tables as appropriate displays for the human operator.
Without knowing the context or task environment in which the
information is used and by whom, it is difficult to determine the
appropriate display. If the task is to determine a specific sales
value on a particular date, tables may be more appropriate than
graphs. If the task is to determine the general trend in sales over
a range of dates, graphs may be more appropriate than tables.
Without considering both the human operator and the work
environment simultaneously, design requirements may be
erroneous or incomplete. Thus, the reciprocal and coupled
relations between the human operator and environment are
important, and should form the basis for systems analysis and
design.

2.2. Representative Design

The conditions under which one evaluates a design should be
representative of the target of generalization in order to have
meaningful results. This includes choosing appropriate
environments, scenarios, tasks, and human operators. Note that
not all aspects of the target environment have to be duplicated,
only the ones that are relevant to the problem being studied.
Also, careful attention must be paid to the confounding effects of
the evaluation that are not representative of the target situation.
These effects may produce misleading results that put into
question any generalizations of the evaluation. A quote from Toda
(1962: 165) gives special emphasis to the importance of
representative design. “Man and rat are both incredibly stupid in
an experimental room. On the other hand, psychology has paid
little attention to the things they do in their normal habitats;
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man drives a car, plays complicated games, designs computers,
and organizes society, and rat is troublesomely cunning in the
kitchen.”

In analysis or design, just as much attention should be
focussed on representing aspects of the actual environment, as is
spent on the people working in that environment.

2.3. Primacy of Perception

Another characteristic of the ecological approach is that
information should be presented in a form that allows human
operators to exploit the power of their perceptual systems. These
systems are more efficient, in terms of energy and time, and less
error prone compared with the cognitive processes involved in
deduction, analytical reasoning, and problem solving. They are
the everyday skills that have been refined through evolution and
that are developed in practice. A simple example to illustrate this
point is how a person drives a motorcycle. One approach is to let
the driver use the sensory information provided by their vestibular
senses. This information can be used to directly perceive the
dynamics of the motorcycle in the environment and consequently,
to act appropriately. Since driving a motorcycle is functionally
equivalent to solving a complex set of state equations describing
the dynamics of the motorcycle, another approach is to provide
the driver with these equations and the tools to solve them
indirectly (i.e. via a calculator or other computational tool).
Solving the state equations indirectly is a complex and effortful
task when compared with perceiving the solutions to these
equations directly. Clearly, much is to be gained by taking
advantage of actors’ perceptual skills.

2.4. Start with Analyzing Environment

The last characteristic of the ecological approach is that the
problem should be understood first by starting with an analysis
of the environment, before considering actual human behavior
in that environment. This characteristic follows from one of the
basic tenets of the ecological approach, that the environment has
a strong influence on behavior. The parable of an ant’s path on a
beach by Simon (1981: 64) provides an example of the
implications of this characteristic (Figure 1). “Viewed as a
geometric figure, the ants path is irregular, complex and hard to
describe. But its complexity is really a complexity in the surface
of the beach, not the complexity in the ant.”

Simon's (1981) parable about an ant on the beach.

Surface of Beach

Ant's Pgih

Figure 1. Simon’s (1981) parable about an ant on the
beach.

In the example the beach may be considered as the
environment where the ant acts. The ant’s cognitive processes
may be simple (e.g. move in direction of food and lowest surface
gradient). But if the contour of the beach is complex, the ant’s
behavior (e.g. trajectory) may be viewed as complex. This feature
is predominantly the result of the complexity of the environment,
not of the cognitive processes of the ant itself.

By studying the environment first, those external influences
on behavior may be partitioned from internal influences (e.g.
preferences) relevant to the human operator. This characteristic
emphasizes the importance of first identifying the work domain
landscape and opportunities for action with reference to the
human operator, in order to begin to understand human behavior
in that environment.

3. IMPLICATIONS OF THE ECOLOGICAL
APPROACH FOR HUMAN FACTORS

The increased emphasis that the ecological approach places on
the coupling between the human operator and the environment
has important implications for the field of human factors. This
section discusses some of these implications for analysis, design,
and evaluation in human factors, in terms of the foundations
and fundamental characteristics previously presented. In addition,
the application areas that have benefited from this approach are
briefly mentioned.

3.1. Analysis

In terms of analysis, the ecological approach provides a different
perspective compared with the organismic approach that has
typically been incorporated in human factors. These differences
are discussed in terms of human performance modeling and task
analysis.

3.1.1. Human performance modeling

With traditional approaches to human performance modeling,
behavior is modeled in relative isolation from its context or
environment. By not considering the environment and its
influence on behavior deeply, analysts may attribute more
information processing capabilities (e.g. elaborate mental
constructs and processes) to the human operator than actually
possessed (Vicente 1990). In Simon’s (1981) parable of the ant,
the complex trajectory might be explained as the ant having
complex psychological mechanisms. In contrast, the ecological
approach starts by analyzing the environment relative to the
human operator. This tack assists in partitioning accurately those
aspects of the environment that influence behavior and the
internal mechanisms of the human operator.

Kirlik et al. (1993) provide an example of how an ecological
description of the environment can lead to an account of skilled
performance in a complex human—machine system. In the study,
subjects performed a complex supervisory control task. Kirlik et
al. found that it was possible to account for skilled performance
in this domain with a model that relied almost exclusively on
perception and action. This seems contrary to an organismic
perspective that may predict a considerable amount of cognitive
processing for the human operator for this task. Therefore, it is
important for the analyst first to describe the environment, in
order to partition accurately the influences on behavior of the
environment and internal mechanisms of the human operator.
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3.1.2. Task analysis

With traditional task analysis methods (i.e. organismic approach),
analyses typically start with the human operator. The result is
typically a description consisting of a single normative sequence
of overt behaviors (Vicente 1999). This approach is efficient if
the process is routine and predictable. However, there is minimal
flexibility to deviate from this path for unanticipated situations.
In contrast, the ecological approach starts with an analysis of the
environment and narrows the action space by incorporating the
capabilities of the human operator. The result is a functional
description of the environment consisting of an envelope or field
of constrained action possibilities. No single normative sequence
of overt behaviors is prescribed. This captures the great flexibility
in operation of the system, allowing the human operator to
develop efficient strategies for operations, and cope with varying
and unanticipated situations. However, this approach requires
relatively more autonomy because normative task sequences are
not prescribed beforehand.

The difference between the ecological and organismic
approaches to task analysis may be illustrated by considering the
set of action possibilities for a hypothetical system (Figure 2).
With the ecological approach, the boundaries that constrain
behavior are identified explicitly. Human operators adapt to these
constraint boundaries so trajectories to reach the goal can be
determined dynamically and implicitly from any starting position
in the action space. In contrast, with the organismic approach, a
predefined trajectory to reach the goal is generally identified and
made explicit beforehand, incorporating past experience and
expert behavior in the work environment. There may be
significant limitations in diverting from this prescribed path
because the constraint boundaries and other action possibilities
may not be apparent to the human operator.

If these constraint boundaries are relatively dynamic,
uncertain, or situation-dependent, then the ecological approach
may be more appropriate because the human operator may be
able to adapt to changing conditions. However, if the constraint
boundaries are predictable and stable, the organismic approach
may be more appropriate because there may be no need for the
human operator to implicitly generate trajectories dynamically.
Therefore, it is important to consider the characteristics of system
that is analyzed to determine whether the ecological or organismic
approaches are most appropriate.
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Figure 2. Example of the difference between ecological
and organismic approaches to task analysis.

3.2. Design

The ecological approach also provides direction for human factors
activities for designing computer-based systems. The goal of design
is to develop representations that directly map actual situations in
the environment with the human operator’s understanding of these
situations. The environment relevant to the human operator may
be functionally described in terms of interface content and structure.
The interface form, a direct or indirect representation of the content
and structure, may then be specified to be compatible with the
capabilities and limitations of the human operator (e.g. perceptual
skills). The emphasis of starting with the environment is critical
for design. Before one designs the displays of a system used by a
human operator to control the environment, one must know the
content and structure of the environment first. Otherwise, the
representations developed may not specify the actual environment,
potentially resulting in a mismatch between actual situations and
the human operators understanding of these situations. For a
detailed account of an ecological approach to interface design for
complex systems, refer to Torenvliet and Vicente (1999) on
ecological interface design.

3.3. Evaluation

In terms of evaluation, the ecological approach emphasizes the
requirement of representativeness to properly evaluate a design.
The conditions under which one evaluates the design must be
representative of the selected target situation. If not, the differences
in the contexts in which behavior takes place (between the
evaluation and target conditions) must be addressed. Otherwise,
there is a potential for conflicting and confounding results.

3.4. Application Areas

The ecological approach has been applied to a number of very
diverse research areas in human factors. One area of human factors
has benefited from the ecological approach is the design of
interfaces for complex human—machine systems. This area is
characterized, in part, as having large problem spaces, dynamic
events, a high degree and nested levels of coupling, uncertainty,
and disturbances within the environment. The ecological
approach is appropriate for this area because it accommodates
flexibility in operation, essential for coping with complexity and
unanticipated events. Other areas of human factors that have
benefited from the ecological approach include human—computer
interaction and physical ergonomics design. In addition, wide
ranges of application domains have benefited from the ecological
approach. These include aviation, command and control,
computer programming, engineering design, information
retrieval, medicine, process control, and workplace design. For
a detailed discussion of a few of these application domains, refer
to Chery and Vicente (1999).

4. BENEFITS AND LIMITATIONS OF THE
ECOLOGICAL APPROACH

From the discussions above, a number of benefits of the ecological
approach to human factors become evident. First, by considering
the environment to be as important as the human operator,
compatibility and interactions between the two may be realized.
Aspects of the environment that influence behavior may be
partitioned from the internal mechanisms of the human operator.
Second, by analyzing the environment in terms of action
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opportunities relative to the human operator, the ecological
approach potentially accommodates flexibility to adapt to
unforeseen contingencies and recover from errors. These action
opportunities allow the human operator to solve problems and
generate action paths dynamically and implicitly in the
environment based on the actual situation. Third, the display of
information is designed to specify the action opportunities in
the environment and take advantage of the perceptual systems
of the human operator. This potentially provides greater coupling
between the human operator and the environment. Fourth, the
ecological approach to human factors appears to have a broad
scope of applicability across various application domains.

There are a number of limitations of the ecological approach
to human factors that are also worth mentioning. First, much
effort is required to analyze a system using the ecological
approach, because the constraint boundaries and associated action
opportunities relative to the human operator need to be
determined before design. Second, since no particular sequence
of actions is prescribed from the analysis, the human operator
may have greater responsibility and autonomy in how the tasks
are performed. While this aspect can be beneficial in managing
dynamic and uncertain situations, human operators may require
relatively more effort to perform routine tasks compared with
invoking a prescribed sequence of actions. Third, ecological
approaches have not been thoroughly tested compared with
organismic approaches (e.g. information processing). Additional
efforts are required to evaluate the approach, especially for larger
scale systems.

5. CONCLUSIONS

The ecological approach provides a useful perspective for a broad
range of human factors problems, especially in domains that have
increased complexity, flexibility in operation, and the possibility for
unanticipated situations. This chapter has outlined the fundamental
characteristics of the ecological approach: reciprocity of person and
environment, representative design, primacy of perception, and start
with analyzing the environment. These characteristics provide a

productive foundation for analyzing, designing and evaluating
systems from a human factors point of view.
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Epistemological Issues
about Ergonomics and
Human Factors

F. Daniellou
Laboratoire d'Ergonomie des Systemes Complexes, Université Victor
Segalen Bordeaux, France

1. INTRODUCTION

The reader who browses on the web through the sites of the IEA
Federated Societies will find a number of alternative definitions
either of ergonomics or of the aims of ergonomics and human
factors. These definitions have in common:
- areference to science
- areference to “knowledge about the characteristics of human
beings”
- areference to application of that knowledge to the design of
“systems and devices of all kinds”.
Claims for such a cross-bred identity is not common among
scientific disciplines. It may be taken as an invitation to an
epistemological examination of the nature of ergonomics.

2. WHAT IS EPISTEMOLOGY ?

Epistemology is the philosophical activity that deals with
knowledge and its truth. More practically, as far as science is
concerned, the question is to determine the rules and tests that
have to be utilized to allow for the use of the word “scientific” to
qualify models or theories. There is a unanimous agreement
among scientists that not all theories may be called “scientific”,
but almost none about the nature of the trials they have to undergo
to gain this label.

2.1. Major Debates
Major debates are developing in this respect. Let us consider three
of them that might be of some importance for ergonomics.

e Some scientists consider that the rules which govern sciences
are steady, universal, and complete. They can be used to
check the scientific validity of any theory in any discipline.
Others dwell on the diversity of disciplines, some of which
study “artificially reduced” phenomena in the laboratory (e.g.
hydraulics), while others are confronted with irreducible
complexity in the field (e.g. hydrology). They argue that
epistemological rules have to be reworked within the
disciplines, and that this epistemological reflection is one of
the tasks of any disciplinary group.

e Some authors consider science as a globally cumulative
process, each research adding new knowledge to an age-old
construction. Others (Kuhn 1970) describe the history of
sciences as a series of crises, turning points, ruptures. New
theories do not always encompass former ones, they bring
new light on certain topics as well as unexpected shade on
others.

o Specific epistemological issues deal with human sciences.
Those have to face the fact that human behavior resists
prediction. human liberty is not considered as an absence
of determinism, but as an ability to rearrange biological,

cognitive, psychic, historical, social, cultural contradictory
determinisms into new room for action.

2.2. Assessment of Scientific Models
Assessment and validation of scientific models refer to two
different processes.

2.2.1 Assessment within the “reduction space"
Scientific models are usually produced in “worlds” the complexity
of which has been artificially limited (e.g. the laboratory). In these
worlds “perturbations” are avoided. Theories and laws are
produced about “pure” phenomena (e.g. friction-free mechanics).
The first assessment of theories validates the fact that models
relevantly account for phenomena observed under these
conditions of reduction. Congresses and journals rally specialists
who assume the same “reduction spaces” and have competing
theories about them (Latour 1993).

2.2.2 Relevance outside the "reduction space”

No car will ever run according to the laws of friction-free
mechanics. This means that there is a need for a second assessment
process of scientific theories. This one does not deal with the
validity of the model to account for the artificial “world” but
with its relevance to describe the real world.

This second assessment process is much less described in
the scientific community than the former. One of the reasons for
this is that the second assessment may not be carried out only by
scientists. Competing scientific models do not only have
theoretical differences, they also lead to different industrial or
political decisions which have direct effects for the citizens. For
instance, alternative models of shift work effects will insist on
sleep deprivation or on social life alterations. If labor authorities
consider that sleep deprivation models made in the laboratories
are more “scientific” than surveys about social life alterations,
they may produce laws about shift work that will minimize sleep
deprivation, but may lead to severe family or social problems for
the workers, who are not just sleepers.

Since competing theories lead to different effects for the
citizens, the “second” assessment of theories may not be carried
out only by scientists of the same discipline, probably not even
by scientists of different disciplines. Processes involving
representatives of categories of citizens likely to undergo the effects
of theories (e.g. patients, consumers, workers, users) have been
described (Latour 1993).

3. UNDERLYING ASSUMPTIONS

Any scientific theory comprises explicit assertions. But it is also
based on implicit assumptions on a number of topics, which
either the researcher considers as obvious, or the existence of
which he/she is not aware. Such underlying assumptions are
referred to as “backworld”, “paradigm”, “underlying assumptions”,
“beliefs” or “implicit vision”. Epistemological approaches endeavor
to detect and criticize those tacit assumptions, which are by nature
not submitted to assessment.

As far as ergonomics and human factors theories are
concerned, such tacit assumptions are numerous. Authors often
refer to “work”, “health”, “improvement” or “technology” without
much explicitation of their visions of what lies behind these
concepts. Some alternative visions are listed below.
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3.1. Models of the Human
Models of the human used by ergonomists implicitly refer to one
to four of the following description levels:

o the biological level: the human is considered as an energy
processing system (this level includes contributions from
anatomy, physiology, biomechanics, biochemistry, toxicology,
etc.);

ethe cognitive level: the human is considered as an
information processing system (this level includes the study
of thought processes, representations, optimal decision-
making, etc.);

o the psychic level: the human is the subject of a unique history,
which has molded his or her personality, leading to a specific
subjective processing of the situations he or she experiences;

o the social level: every single individual is a member of several
social groups with different cultures, that will partly
determine his or her values and habits.

No author would deny the existence of these different levels.
In many cases, for the sake of rigor, a research will be framed
within one or two of these description levels. In some cases, the
authors will discuss what is left aside by not considering the other
levels. In most cases they will simply do as if the levels they are
using were the only relevant ones.

3.2. Models of Health
Implicit models of “health” can often be found “between the lines”
in ergonomic publications.

e Health as the absence of acknowledged pathologies. This
common approach does not consider fatigue, discomfort or
ill-being as health-related issues, nor does it take into account
social dimensions (e.g. poverty).

e Many authors would accept the WHO definition of health,
which states that “health is a state of complete physical,
mental, and social well-being and not merely the absence of
disease or infirmity”. This vision is much richer than the
previous one. Still, it considers health as a “state”: you have
it or lose it, you are in health or out of health.

e Another model is to consider health as a process: “health is
the possibility for every single individual to open up his/her
own original way” to the target state described by WHO
(Dejours 1995). Health is described here as an ongoing
tentative construction (one gets nearer to health or drifts
away from it) that can be hindered by situations encountered
by the subject. Situations are favorable to health when they
give the individuals opportunities to go forward in this
construction. Negative situations for health are those which
do not allow the individual a way out.

Such different starting points will lead to different descriptions
of what should be done to improve occupational health.

3.3. Models of Work

The same diversity will be found about the concept of “work”. A
first group of differences concerns the levels of description. Most
ergonomists would today not describe merely “physical” work
— the reference to “cognitive” dimensions (including the so-called
“manual” jobs) is now more or less generalized. However, some
other dimensions are not commonly considered. For instance,
fewer ergonomists will refer to the ethical dimensions of work,

to its contribution to the construction of the person’ identity, or
to its role in the weaving of the social fabric.

A second group of differences is related to the way authors
account for, or not, the difference between “what is demanded”
of the workers and “what it demands” of them. In many cases,
work descriptions are mostly task descriptions: what is considered
as “work” is the objectives the worker has to meet (e.g. produce
300 parts a day, stick to quality requirements, adjust the
equipment) in given surrounding environmental conditions (heat,
noise, etc.). In this sense, work is the same for all workers in a
given workplace. Another approach is to focus on work “activity”,
which is the mobilization of the workers’ unique body,
intelligence, and personality to fulfill the tasks. This approach
will lead to stressing workers’ individual and collective strategies
to monitor and manage the situation, collect formal and informal
information, anticipate incidents and events, cope with
malfunctioning and variability, deal with their own variable
capacities and limitations. This approach will highlight the fact
that operators never only carry out the prescribed tasks, they
bring (even apparently tiny) original contributions to the
production. There would be no production if the workers stuck
to prescribed tasks. Work is not given by formal prescriptions: it
is an ongoing personal and collective creation that includes
“coping with what is not given”.

It appears that work or health may either be considered within
one discipline description level, or be described as tentative
compromises between resources and constraints falling within
the province of different disciplines (see figure 1).

The construction of health and work activity make it necessary
for the worker to find resources from different levels to face
constraints stemming from different levels or from the outside.
Any disciplinary approach makes a section in this transversal
process. Work and health are, in a way, “perpendicular” to the
fundamental disciplines which study them. One of the challenges
for ergonomics is to produce models in which the necessary
scientific reduction does not kill the nature of the processes.

3.3.1 Technology

Ergonomists’ reference to “technology” may also be based on
different backgrounds. In most cases, technology is referred to
as the application of scientific knowledge to the design of artifacts.
It has to do with physics, electricity, automation, etc. Another
approach has been developed by anthropologists (e.g. Mauss,
Haudricourt; see Lemonnier 1993) who consider technology in
close connection to culture and to choices made by societies.
Technology is that gearing through which the human cultural
world meshes with the physical world. In this approach the
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Figure 1: Health and work as transversal processes
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keywords are not “technological progress” but “technological
choices”.

3.3.2 Organization

Organization is double-faced, but both faces do not have the
same weight in ergonomic models. On one side is the
organizational structure — charts, work division, procedures,
formal rules (but also building lay-out, software passwords, etc.)
— that will determine the frame within which the tasks will be
accomplished. The second face is the “live” organization made
up of the everyday social activity of all actors. There is a double
determination between the organizational structure and the “live”
organization: at a given instant, the structure largely determines
the bounds of actors’ social activity. In the long run, the structure
can be regarded as an output of this activity. According to what
the authors call “organization”, they will have different approaches
to organizational changes. Will the organization be changed only
be designing a new organizational structure? Which kind of
interactions between the actors does organizational change
require? (Carballeda and Daniellou 1998).

3.3.3 Change

Models of change that can be found in ergonomic publications
have different backgrounds. In many cases, the ergonomic
contribution to change is an expert one: ergonomists give the
scientific position about what is acceptable or not in the
workplace. They will prescribe solutions, just like physicians
prescribe a medicine: it is strong advice, the legitimacy of which
is based on knowledge. It may be taken into account or not, but
it is not supposed to be discussed.

Other authors refrain as much as possible from adopting
expert positions in ergonomics. Their idea is that changes in
workplaces are the results of social interactions between a number
of actors (employers and employees, but also customers,
suppliers, technicians, administrations, etc.). These ergonomists
perceive that they contribute to changes in the workplaces
through fostering the social debates and feeding them with specific
information. They bring in facts and suggestions, but the actual
change will be the results of negotiations between the actors.
The ergonomist’s contribution in this case is made of indisputable
facts and disputable interpretations.

3.3.4 Describing, explaining and understanding

There may be several ways of describing and explaining what is

happening in a workplace. In certain cases, the observer analyzes

the situation “from outside”, using measurements and his or her
expert knowledge. In other researches, the workers’ opinion is
taken into account, by means of questionnaires or interviews.

Ergonomists have mixed feelings about the workers’ word:
on the one hand, they are usually aware of the importance of
taking into account the operator’s knowledge, and his or her
subjective feelings about the workplace. On the other hand, they
know that a number of factors will make it difficult for operators
to express themselves about their work:

- amajor part of the operator’s knowledge is “tacit knowledge”
(Polanyi 1983) that can be expressed through action, but
that has never been put into words;

- there may be a linguistic difficulty, a lack of relevant words
to express what happens in the workplace. In this case, the

workers often answer the observer’s questions with something

like “it is hard to say”;

- workers themselves are caught in socially dominant
representations of their own work. A worker may consider
that the work is “purely manual work”, even if the ergonomist
demonstrates a high cognitive load, because the social
description of the job refers to manual work;

- last, but not least, the harder the working conditions, the
more the workers may build psychological defenses leading
them to underestimate the difficulties and risks.

For all these reasons, a number of authors consider that work
analysis has to be a joint production of the observer and the
observed worker(s). The analyst produces a description and a
first interpretation of the situation. The worker may be astonished
(“I did not know that I was doing all that”), but he or she will be
in a position to comment the description, suggest explanations
of what has been observed, and put it in perspective. The
“meaning” of work is neither given by the analyst nor by the
worker, it comes out as the result of a joint construction.

Any scientific paper in ergonomics and human factors may
therefore be questioned as to its underlying assumptions regarding
at least the above listed topics.

4. WHICH KIND OF MODELS DOES ERGONOMIC
RESEARCH PRODUCE ?

Coming back to the question “Under which conditions may a
model be regarded as scientific?”, the first point is to identify
models of what ergonomic research produces. Two different kinds
of models may be found in the results of ergonomic research.

4.1. Models of Operators’ Work and its Results
Most of ergonomic research focuses on producing knowledge
about the human at work. It may be limited within the frame of
a “fundamental” discipline (e.g. physiology, cognitive psychology),
or try to give evidence of “transversal” properties of work — for
instance, the way a shift worker will organize his or her time
takes into account factors such as job content, sleep, food,
transportation, social life, family arrangements, life projects.

Knowledge about the human at work may be produced either
in real work situations or in the laboratory, where there is an
attempt to simulate some of the features of the workplace. In
some cases, the research is an iterative process between field
studies and laboratory studies.

Methodologies for producing knowledge about the human
at work are thoroughly described in the articles of this
encyclopedia.

4.2. Models of Change Processes

Another type of model is also dealt with in ergonomic
publications. These relate to “work improvement”, “change”,
“project management”, or “action methodologies”. They do not
aim at producing knowledge about the work the ergonomists are
observing, but rather about the ergonomists’ own work. The
question here is “Through which mechanisms can ergonomists
improve workplaces?”.

e The majority answer to this question in the international
ergonomic community is “by applying scientific knowledge”.
Ergonomics, like engineering disciplines, is considered as
an application of science.
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e This approach has been thoroughly discussed by Schon
(1983), not specifically concerning the ergonomists and
human factor specialists, but about all kinds of
“practitioners”. He calls the first approach “technical
rationality”: it is dominant in engineering schools and
universities: engineers, architects, physicians are supposed
to solve practical problems by applying scientific knowledge.
Schon states that the major challenge for practitioners is to
predict the outcome of moves they are likely to make on
reality in order to change it. Since we are in complex systems,
any move will have expected effects as well as side effects.
The practitioners’ decision criterion is not “did I get what I
wanted?” but “is the result — including the side effects —
acceptable?”. The practitioner’s thought process is based on
the availability of media (e.g. drawings) that make it possible
to detect the side effects of moves without making them in
the real world. This process is described as a “dialog with
the situation”.

Schon and Argyris plead for a “Theory of practice”. Similarly,
Latour studies “theorists’ practice”. Theories of practice are mostly
the results of two methodologies:

- one is based on the observation of practitioners or theorists
by a researcher, who studies their work as he or she would
do with any other worker;

- the other one is “reflexive practice”. Here, the researcher is
involved in action, as an ordinary practitioner. He or she
keeps records of the initial hypotheses, the events that occur,
the decision making processes, the assumptions made
throughout the intervention. Some of the final results are
similar to the initial expectations, while some differ. An a
posteriori reflexive position leads the researcher to question
the underlying assumptions that have led to unexpected
results, and enrich or modify the initial model. The
assessment and validation of the new model, as to its
predictability value, will be made in further projects by
different researchers.

4.3. The Ergonomist as a Worker

In the model of “applied science” the ergonomist is the
representative of knowledge about human work. He or she
may have difficulties in the field, but their own activity is
not considered an object of interest for scientific
description.

In the models of “theories of practice”, the ergonomist is
regarded as a worker whose skills and difficulties have to be
analyzed and modeled (in terms of new knowledge) in order to
foster action in workplaces.

Such research programs are well known as regards theory of
medical practice (Balint) or of ethnographical practice (Devereux).
When analyzing the ergonomists practice, attention may be paid
to their decision-making processes, their negotiation skills, their
interactions with different actors, the kind of power and
responsibilities they take on, the ethical problems they encounter,
the human costs they go through, the psychic defenses they
interpose to stand hard situations. Such models are extremely

helpful to teach and train young ergonomists, not only through
delivering them basic scientific knowledge.

5. KNOWLEDGE AND ACTION

The attempts of ergonomics to produce scientific knowledge
encounter epistemological difficulties that are not usually found
in one single discipline:

e ergonomics deals with technical devices and human beings
in systems where the “laws” are of different natures;

e it is oriented towards action in real situations;

e it takes on both health and efficiency issues;

e it deals with social situations which raise all the questions
of liberty and power struggle;

e it deals with complex systems characterized by non-linear
answers, uncertainty about the initial state, variations in the
context and the number of influencing factors;

e as a design discipline, it has to do with “things that do not
yetexist”, the existence of which is both a matter of technical
feasibility and political will;

eit is continuously facing ethical dilemmas (what is an
acceptable workload?);

eone of the way it uses to produce knowledge about the
phenomena is by changing them (knowledge through
action).

These features may be considered as weaknesses, that affect
the possibility for ergonomics to be regarded as a scientific
discipline. Or they may be taken as an opportunity for ergonomics
to take part, with a head start over other disciplines, in
epistemological debates that are developing about the relations
between science and action in complex systems. Its strengths are
the reciprocal of its weaknesses: work situations involve a number
of constraints that no researcher would dare to impose in the
laboratory. Ergonomists have learnt by and by to find ways out
in extreme situations. The knowledge they have developed is
continuously put to the test of real situations.

Two conditions are probably at stake in the possibility for
ergonomics to be regarded as an “epistemologically leading
discipline™:

e the need for the ergonomic research community to take
epistemological issues in earnest and tackle them in their
congresses;

o the quality of the relations between ergonomics research and
ergonomics practice, and their ability to act as reciprocal
suppliers.
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Thirty years ago, the Nordic Ergonomic Society (NES) was
established to represent Denmark, Finland, Norway and Sweden
within the fields of Ergonomics and Human Factors. In recent
years, the ranks of the NES have been enlarged through the
inclusion of Iceland as a formal representative, as well as with
the establishment of closer links with the Baltic countries, i.e.
Estonia, Latvia and Lithuania. Over the years, national ergonomic
societies have been established in all of the NESs member
countries — Danish Society of the Work Environment (SAM),
Finnish Ergonomic Society (ERY), Icelandic Ergonomic Society
(VINNIS), Norwegian Ergonomic Society (NEF), and Ergonomic
Society of Sweden (ESS).

The NES has, to a large extent, traditionally been oriented
towards work-physiology and a large number of its members

have backgrounds within such areas and work within physiology,
physiotherapy and rehabilitation. However, even from its
inception, the society has had members who are experienced
within such fields as work psychology, design and engineering,
and occupational health and safety.

Over the past decade, the NES also has had new members
from such areas as work sociology, organisational psychology,
leadership and training. Members have mainly been concerned
with the application and practice of ergonomics. The number of
members involved in research has also increased over the years.
The principal areas of application for such research have been
within industry and government.

As regards membership figures for each respective society,
these are:

e Denmark — 908 members.
e Finland — 230 members.
e Iceland — 82 members.

e Norway — 177 members.
e Sweden — 226 members.

In total, the NES has 1623 members.

In conclusion, it should also be noted that in accordance
with European Ergonomic Standards, a professional licensing
function is attached to the NES.
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1. INTRODUCTION

Nowadays, the European Union plays a dominant role in the
formation of Occupational Safety and Health (OSH) law frame
and policy worldwide. The Community’s policy in this sector
has come through several stages that almost coincide with its
stages of evolution. The purpose of this article is to record this
evolution and investigate its impact on the improvement of health
and safety conditions in European work sites.

2. THE TREATIES ESTABLISHING THE EUROPEAN
ECONOMIC COMMUNITY

The forerunner of the European Union (EU), the European
Economic Community (EEC), was established in the 1950s with
three treaties:
e The European Coal and Steel Community (ESCS) Treaty,
signed in Paris in 1951
e The European Community Atomic Energy Authority
(EURATOM) Treaty, signed in Rome in 1957
e The European Economic Community (EEC) Treaty, also
signed in Rome in 1957

The European Union (EU) was established by the Treaty of
Maastricht in 1992, and modified by the Treaty of Amsterdam in
1997.

Historically, the European Coal and Steel Community Treaty
was the first international economic agreement to include
occupational safety and health provisions. The reason for this
inclusion was the high number of employees in the coal and
steel sector and the accompanying high number of occupational
accidents and diseases in these industries. Following an accident
in Belgian mines in 1956, which caused the death of 262 coal
miners, the European Coal and Steel Community Council
established a Permanent Committee for Safety in Mines. The main
tasks of this tripartite body (2 governmental, 1 employer, and 1
employee representative from each member state) are the
monitoring of safety conditions in mines, making proposals for
safety improvement, and the dissemination of related information
among the member states. The work of this committee over the
years has been very beneficial and resulted in the reduction of
the number of accidents in European mines.

The main remit of EURATOM was the development of the
European nuclear industry along with safety conditions that
would ensure the exclusion of hazards to the lives and health of
Europeans and the promotion of works of peace. To achieve this
scope, many restrictive processes were foreseen in the text of the
treaty. The first Occupational Safety and Health directive adopted
in 1959 concerned the protection of the public and workers from
radioactive radiation.

3. THE PERIOD 1957-1986

In addition to the coal and steel industries, once established, the
EEC turned its attention to OSH matters in other economic
sectors. Although the main scope of the Treaty of Rome is the
single European market, there are social policy references in
Articles 117-128. Articles 100 and 118 were the legal base for
the adoption of legislative and non-legislative measures in the
OSH sector. These articles formed the most important base of
the EEC Treaty for the adoption of legislation relative to this area.
This provision has more commercial initiatives than social, since
the differences in the laws and regulations among member states
are factors that stop the free trade of goods and the mobility of
people.

During the first 30 years of its existence, the EU aimed at the
approach of the member states’ legislation for the withdrawal of
these barriers in a sequence of different issues affecting OSH.
Article 100 refers to the approach of the clauses that directly
affect the operation of the Common Market and provides the
issuing of relative directives. Article 118 refers to working
conditions and the prevention of occupational accidents. The
limited authority in the social sector that was originally given to
the bodies of the EU was aimed at limiting any misuse of the
rules of competition within the Common Market. It was
considered certain that the anticipated economic development
would automatically result in social progress.

The EUS roles are very important, especially those of the
Directorate General of Employment, Industrial Relations and
Social Affairs (DG V), which is relevant to OSH matters. The DG
V has initiated many directives, regulations, resolutions, and
recommendations covering a wide range of OSH issues, always
following the scientific and technological progress as well as the
social and economic needs of the European workers and the
evolution of the EC itself. The Committee, in performing its aims,
is consulted by the Advisory Committee of Safety, Hygiene and
Health Protection at Work, the Economic and Social Commiittee,
and the European Foundation for the Improvement of Living
and Working Conditions sited in Dublin. All these organizations
have achieved a high scientific level of decisions through elaborate
positions and social dialogue.

The Advisory Committee for Safety, Hygiene and Health
Protection at Work was established in 1974 by a Council decision.
The composition of the Advisory Committee consists of two
governmental representatives, two employers’ representatives, and
two employees’ representatives from each of the member states,
and its responsibilities are:

e The exchange of information and experience in the field of

OSH connected with existing legislation;

eThe facilitation of cooperation among national
management and syndicated organizations of employees
and employers;
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e The discussion of problems and the proposal of solutions
applicable on a community scale;

e The examination of scientific progress and consultation with
the European Committee.

Its common finding is that the Consultant became an active
player in the issuing of documents of a scientific, technical, and
political nature and he/she is vital in outlining policy in the field
of OSH.

The European Institute for the Improvement of Living and
Working Conditions, sited in Dublin, was established in 1975 as
a specialized and autonomous organization of the Community.
It is responsible for the applied research in the fields of social
policy, the implementation of the new technologies, and the
improvement and the protection of the environment. It has carried
out programs concerning safety and hygiene, promotion of health,
dangerous waste, sequences by the new technologies,
participation of the employees, and shift work.

Until 1992, alandmark year for the realization of the internal
market, the Community issued three action programs in the field
of OSH. The first action program was about the period 1978-
1982, during which the framework directive was issued for the
protection of the employees from dangers related to their exposure
to chemical, natural, and biological factors at work. In the same
period, special directives were adopted which limited the
exposure of employees to lead and asbestos, and where for the
first time the role of the employees’ representatives was
recognized, and also a directive for taking measures against
dangers from major industrial accidents. The second action
program was about the period 1984-1988 and the main directives
issued at that time included one concerning noise and another
which forbids the production and use of four chemical substances
particularly dangerous to the health of the workers.

4. THE SINGLE EUROPEAN ACT

The difficulties and delays for the completion of the EC policy in
the field of OSH must be attributed to the inadequacy of the
legislative base before 1986 — namely, the fact that the social
policy clauses required unanimity for taking decisions. This gave
minorities the opportunity to hold back the proposals of the
Commission. By the Single European Act in 1986, and especially
Articles 100 and 118, the Treaty of Rome was modified to what
is related to OSH. The important change is the institution of
minimum specifications for the working environment and the
making of decisions in the Council by relative majority.

These changes directly affected the third action program
1988-1992, which was ruled by the philosophy that OSH cannot
be considered in the light of financial terms alone, but must also
take into account social terms. During this period, among the
important legislative work that was completed, the framework
for directive 89/391/EEC has a dominant position. This directive
introduces the innovative elements of the “occupational risk self-
assessment” and the adoption of social dialogue in OSH matters
in enterprises. It also establishes a new legislative strategy, which
is based on a general law frame with a wide field of application,
completed by special arrangements in aiming at the special
workplaces and working conditions be covered. The third action
program was completed in 1992 with the celebration of the
European year for the safety and health at work.

A field of community activities that is directly connected with

OSH, but which is also an indirect way of restraining the free
trade of goods, is the different national standards by which these
goods are produced. In order to withdraw the barriers to
transactions resulting from this, the Council established the
procedure of information in the field of technical standards and
specifications (Directive 83/189/EEC), which ensures the full
information of the Committee for everything that happens in
this field in every member state. Moreover, it instituted a
procedure for the adaptation of fully compatible European and
national standards, which are a result of mutual information and
cooperation of the National Organizations of Standardization.
This procedure is a new approach in the area of standardization
and is based on the directives of technical approach, which led
to harmonized European standards. In the context of the
European Organizations of Standardization, technical committees
are operating to examine groups of standards, many of which are
related to OSH. Likewise, a great number of the directives of
technical procedures and the standards, which are related to them,
are connected with OSH issues (directives for low voltage
machines and personal protection equipment).

The role of information is also important, not only to the
social partners and to the greater population, but also to the
members of the Commission. For the wider communication of
the former, the Community has issued many informative editions
in all the Communities’ languages and also publishes the quarterly
journal Janus. The information campaign reached its peak during
the European year of OSH. There is a special committee composed
of specialists in every member state for the dissemination of
information to all members of the Commission about the progress
of harmonization in the directives of minimum specifications.
Additionally, special scientific committees are operating for the
collection of national statistics on work accidents and
occupational diseases.

5. THE SOCIAL CHARTER AND THE MAASTRICHT
TREATY

In the 1980s, the “social space” concept was a sheer change from
the “market” concepts that were dominant in 1970s. It was
determined that the single market should not only be an area of
free trade, but also a unified social area where the economic and
social cohesion was to be safeguarded. These ideas were confirmed
in the Social Charter, which covers twelve categories of
fundamental social rights. Some of them are indirectly related to
occupational safety and health issues: improvement of living and
working conditions, social protection, informing and participation
of employees, protection of children and teenagers, aged
employees, disabled persons. There is also a special section
referring to the safety and health of the employees, highlighting
certain initiatives. In the early 1990s, the notion that employees’
health and safety is an important part of the social dimension
and an integrated aspect of the internal market’s realization began
to dominate.

The period from the institution of the European Community
until the adoption of the Social Charter of the workers’ social
rights was characterized by the production of legislative work
that aimed at the completion of the Common Market. In the
1980s, the notion was emerging that, if the social component
was not developed in parallel, there was a risk of torpedoing
economic development as well. The policy in the field of OSH
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since the early 1990s is a reflection of the new social concepts
that have slowly appeared on the European scene. This period is
characterized by the undertaking of non-legislative measures
aimed at the wide dissemination of information and the training
of employers, employees and citizens in general, which are
developing in parallel with the legislative action that is now
focused on assuring the minimum acceptable working
specifications.

In 1992, the treaty for the institution of the European Union,
which changed the Treaty of Rome, was signed in Maastricht in
the Netherlands. According to this, the twelve member states
instituted a European Union, marking a new stage in the
construction of the community. The changes introduced by the
Maastricht Treaty in the field of OSH are more indirect than direct.
They are expressed mainly in the “Protocol of Social Policy” that
was appended to the treaty and is the commitment of the eleven
signing countries (with the exception of the United Kingdom) to
promote a more progressive policy in the social field. Some of
the areas of responsibility that have been added by the main body
of the Treaty are:

eSocial protection, the raising of living standards,
improvements to the quality of life, and protection of the
environment;

e Policies in the social and environmental fields;

o Rules of the internal market that are related to the protection
of OSH, the environment and consumers, who are dependent
on a high level of protection.

In addition, articles that concern the protection of public
health, the protection of consumers’ health, security and economic
interests, and the protection of the environment were embodied
in the EEC Treaty. A small number of posterior directives are
based on these articles, which are supplementary to the main
OSH directives.

In 1993, the Commission produced the “Green Paper on the
European Social Policy”, which has explicit references to issues
about the safety and the health of the employees. The issue of
minimum common standards in working conditions is of great
importance as they are directly connected to the issues of
competition and social dumping. The will of the Commission to
continue its action in the field of OSH, based on the existing
directives, is ensured. The Community legislation continues to
hold a dominant position in the securing of minimum
specifications for health and safety to all European workers.
However, at the same time, the notion has been realized that
legislation is not the only way for the institution of social rules to
be expressed, but that attention must be paid attention to the
agreements arrived at among the social partners. Apart from the
standards, the rules, the collective agreements, the definition of
rights and responsibilities, oral and tacit behavioral rules are
needed for the reduction of conflicts. The main thing contribution
needed towards this direction is the unobstructed cooperation
of the member states, the European Parliament, and the social
partners. The idea that improvement of working conditions means
increasing the production costs is considered played out, and,
what is more, untrue. On the other hand, the Community shares
the view that the improved safety and health of the workers leads
to the reduction of production costs through reduction of
accidents and diseases. In addition, statistics show that within
the EC 10 000 000 work accidents and/or occupational diseases

occur every year, 8000 of which are fatal. The annual cost of
these in compensation is estimated at 26 billion ecus, without
including the indirect cost, which is not viable for the economy
in general.

In Bilbao in 1994, the Community set up the European
Organization for Safety and Health at Work as an additional means
for the provision and distribution of technical and scientific
information. The organization’s aims are:

o The collection and distribution of OSH information among

the member states;

o The diffusion of research results;

e The organization of educational seminars;

e The development of close bonds among specialized

organizations of member states;

e The provision of technical and scientific help to the

community bodies.

Other non-legislative actions that characterize the last decade
of the twentieth century are the issuing and continuous updating
of the European catalogue of occupational diseases and, among
the member states, the exchange of public servants who are in
charge of controlling the implementation of Directive 89/391/
EC.

6. THE AMSTERDAM TREATY

By the end of the millenium, the Community aimed to complete
the “General Framework of Action of the Commission of the
European Communities in the Field of Safety, Hygiene and Health
Protection at Work (1994-2000)". The legislative and non-
legislative measures that the Community is going to take in the
field of OSH by the end of the year 2000 are reported in this
document. Matters that demanded special attention in this period
were: transfer of issued directives to member states, small and
medium-sized enterprises, social dialogue, information and training
of employees, international cooperation and non-legislative
measures. The program of non-legislative measures with a view to
implementation is focused on eleven special actions the realization
of which requires decisions from the Council and the Committee.
Currently, decisions have been issued for the composition of the
Superior Work Inspectors Committee, the scientific committee for
the limits of exposure to chemical substances during work, the
SAFE program, and the OSH European week which has been
celebrated in the three successive years 1996-1998.

In June 1997, a revision to the Treaty of the European Union
was made by the Treaty of Amsterdam. This revision takes into
account the tremendous challenges which the Union has to deal
with at the start of the twenty-first century. These can be
epitomized in the globalization of the economy and its effects on
occupation, emigration pressures, ecological imbalances and
threats to public health, especially in the view of the widespread
of drugs and AIDS. The Union is called on to deal with these
issues by the provision of its proposed enlargement. With the
Treaty of Amsterdam, substantial changes occurred, especially in
social policy, but also to other policies that are related to OSH.
After the signing of the Protocol for social policy by Great Britain
in May 1997, this was embodied in the Treaty, thus establishing
a coherent and effective legislative framework for the community
to undertake action in this field. The more important changes,
which are related directly or indirectly to the OSH field, are:

e Measures of harmonization, related to the protection of OSH,
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the environment and consumers, which are recommended
by the Committee, the Council or the Parliament, have to
take into account the new scientific data.

e The Community and the member states must take into
account the fundamental social rights and aim for the
improvement of living and working conditions, social
protection, social dialogue and the development of human
resources.

The Community supports and complements the activities of
the member states related to the improvement of the working
environment. To this end, the Council, unanimously and after
consulting with Economic and Social Committee and the
Committee of the Regions, institutes through directives the
minimum specifications of the working environment. Such
directives shall avoid imposing administrative, financial, and legal
constraints which would hold back the development of small
and medium-sized enterprises. The member states can maintain
or institute stricter national clauses, which reconcile with the
other clauses of the treaty: namely, they do not impact the clauses
of competition. They can, as well, assign the implementation of
the relevant directives to the social partners, provided that is a
mutual request and until the date of harmonization have taken
the necessary measures through agreements.

The Commission shall have the task of promoting
consultation among the social partners at a community level and
shall take any relevant measure to facilitate their dialogue. To
this end, before submitting proposals in the social policy field,
the Commission shall consult social partners on the possible
direction of Community action.

The social dialogue may lead to the establishment of
conventional relations, as long as the social partners want so.
The agreements made at a community level are implemented in
the OSH field, when it is mutually requested, by the signing of
parties and the Council’s decision taken with qualified majority,
and after the Commission’s proposal.

The guarantee of a high level protection for the health of
man must exist in all community policies. The reference to drugs
is more intense. Indirect reference is made for the prevention of
AIDS.

The demands for the protection of the consumers are taken
into consideration for the determination and implementation of
other community policies and activities.

The last few years have been characterized by the growth of
harmonization among the member states of the Community
directives, which have been issued according to Article 118 and
by its modification of the fundamental directives in the light of
scientific and technological progress. The path of the OSH
structure will be concluded in a different environment, implied
by the Amsterdam Treaty, the beginning of negotiations for the

enlargement of the Community, and the changes in working
conditions (for example, resulting from an increase in the number
of aged and women workers, and new forms of occupation). In
this light, efforts must be focused on the effectiveness of
legislation, preparation for the EU’s enlargement, the
strengthening of the occupation and the focusing on new working
hazards.

7. CONCLUSIONS

The experience acquired in the field of OSH to date can be utilized
as a guide for the future. The basic principles have been founded
and consolidated, eliminating regressions. Social dialogue is a
practice that is going to be implemented more and more in the
OSH field, since this was used in the first stages of the EU with
great success. The institution of minimum specifications for the
working environment with directives and the elaboration of
European Standards compatible to them is another stabilized
method. The new living and working conditions which may emerge
in the Europe of the twenty-first century may change the traditional
system of occupational health and safety that is currently practiced.
The only sensible way forward, not only in order to sustain it but
also to adopt new data, is by the creation and establishment of
unified “social space” as a first priority of the European Union, and
not as a supplementary to the Common Market.
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1. INTRODUCTION

1.1. Aim

This consensus document, while taking into consideration the
most recent and significant contributions in the literature, intends
to supply a set of definitions, criteria, and procedures useful to
describe and, wherever possible, to assess the work conditions
that can represent a physical overload for the different structures
and segments of the upper limbs. The consequences of physical
overload are represented by work-related musculoskeletal
disorders (Hagberg et al. 1995).

The document is aimed at all the operators, i.e. occupational
doctors but mainly technicians, who are, or will be, involved in
the prevention of work-related upper limbs musculoskeletal
disorders.

From this point of view, the document intends to provide
methods and procedures (for an exposure assessment) easily
applicable in the field, not requiring sophisticated instrumentation
and, when possible, based on observation procedures.

The proposed methods shall be based as far as possible on
knowledge and data from scientific literature: when these are
contradictory or deficient, reference will be made to standards
or pre-standards issued by national and international agencies
and bodies, with the experience of researchers involved and
common sense.

From time to time it shall be clarified on which (more or less
consolidated) basis the different result analysis and interpretation
procedures are proposed.

The “guiding principle” that brought about all the choices
reported in the document can be summarized in a few lines of
the International Code of Ethics of Occupational Health
Professionals prepared by the International Commission on
Occupation Health ICOH 1992) “Special consideration should
be given to the rapid application of simple preventive measures
which are cost-effective, technically sound and easily
implemented. Further investigations must check whether these
measures are efficient and a more complete solution must be
recommended, where necessary. When doubts exist about the
severity of an occupational hazard, prudent precautionary action
should be taken immediately.”

Potential users increasingly demand an easily applicable
method for description and assessment of work with repetitive
movements, avoiding the risk of “trying to measure everything”,
“interpreting little” and “changing nothing”.

In Europe this is a result of the new legislation (particularly,
European Economic Community (EEC) directive 391/90/CEE)
which requires employers to evaluate work hazards in their
companies and reduce them if necessary. The European Union’s
“Machine Directive” also deals with this topic, by introducing
the need to provide machine designers and manufacturers with
easily applied methods with which to evaluate potential health
risk factors connected with using these machines.

The group intends to give a response, even if there are still
uncertainties from a strictly scientific standpoint; however, the
group commiits itself to perform subsequent validations especially
of as yet unconsolidated issues. Therefore, what is proposed is
not a “rigid pattern” but, once some reference points have been
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set, it is intended as a dynamic tool able to seek in time the best
point of equilibrium between knowledge from research and
application requirements.

This document focuses specifically on identification of risk
factors and describes some of the methods that have been
developed for evaluating them. There is a rapidly developing body
of literature on job analysis and as yet no agreement on a single
best way to analyze jobs. It is the committee’s belief that the
appropriate methods depend on the reason for the analysis, e.g.
walk through inspection, evaluation of a specific tool or work
method, or analysis of a problem job. The appropriate methods
will also vary from one work situation to another, e.g. office where
workers are performing keyboard tasks or foundry where workers
are using powered grinders. Professional judgement is required
to select the appropriate methods. Analysis and design of jobs
should be integrated into an ongoing ergonomics program that
includes management commitment, employee involvement,
hazard identification and control, training, health surveillance,
and medical case management.

The aim of this section is not a complete overview of the
literature. It simply intends to direct readers towards such studies
that represent essential contributions for the operational choices
which are then suggested by the authors of this study.

In 1987, C.G. Drury (Drury 1987) discussed a method for
the biomechanical assessment of pathologies due to repetitive
movements, and focused on three main factors (force, frequency,
and posture); he suggested a description and assessment method
which counts the daily number of “hazardous movements” for
the body, and particularly for the wrist.

In 1988, V. Putz Anderson published an interesting book in
which he systematically listed all the practical and theoretical
knowledge, which was available at the time, on the control and
management of cumulative trauma disorders (CTDs) (Putz
Anderson 1988). Amongst other things, the book postulates a
“risk model” for CTDs, based on the interaction of four main
factors: repetitiveness, force, posture, recovery time.

In 1986—7, Silverstein, Fine and Armstrong (Silverstein et
al. 1986, 1987) highlighted the connection between repetition
and force risk factors and Cumulative Trauma Disorders
(particularly Carpal Tunnel Syndrome). They also threw light on
the fact that there is a synergistic mechanism between the two
factors under consideration.

In 1992, Winkel and Westgard suggested some guidelines
for the study of occupational risk factors — and of individual
ones — related to alterations of the cervical and scapulohumeral
region (Winkel and Westgaard 1992).

In 1993, a large group of authors who were part of an ICOH
working group, mainly Scandinavian and American, presented a
conceptual model for the interpretation of the development of
occupational musculoskeletal disorders of the neck and upper
limbs (Armstrong et al. 1993).

Again in 1993, Tanaka and McGlothin, two NIOSH
researchers, presented a conceptual model for the study and
prevention of the occupational carpal tunnel syndrome (CTS)
(Tanaka and McGlothin 1993). In their method, the exposure
limit required is determined by the repetitiveness of movements,
by the force used, and by the postural deviations of the joint
involved, the wrist in this case.

In 1993, McAtamney and Corlett proposed the Rapid Upper

Limb Assessment (RULA) method (McAtamney and Corlett 1993)
in which upper limb risk exposure was evaluated using a simple
description of the posture, force, and repetitiveness of the
muscular action. They also proposed a procedure to calculate a
synthetic index.

Guidelines for “practitioners” were presented and discussed
by Kilbom in 1994, for the analysis and assessment of repetitive
tasks for the upper limbs (Kilbom 1994).

This is an extremely important review, both theoretically and
practically, and supplies useful suggestions both for the definition
of repetitive tasks, and for the classification of the different issues
to consider during analysis.

Frequency of movement is pointed out as being of particular
importance for the characterization of risk. For each body region
(hands, wrist, elbow, shoulder), indications are given on the
frequency limits of similar movements showing a high risk for
upper limb injuries where such frequencies are exceeded.

With respect to action frequency, the existence of other
overloading factors (high force, high static load, speed, extreme
postures, duration of exposure) is considered as being an
amplification of the risk level.

In 1995, the contributions of a qualified panel of authors
were summarized in a volume devoted to work-related
musculoskeletal disorders (WMSDS) (Hagberg et al. 1995).
Starting from an analysis of the best designed studies on the
subject, the book examines the different elements representing
occupational risks which could be a cause of the various
pathologies of the upper limbs, and possible measurement and
analysis methods are indicated for each of the elements
considered.

Moore and Garg suggested a model to analyze jobs for risk of
distal upper extremity disorders. It is based on the measurement
of six variables: force, action frequency, posture, recovery time
within a single cycle, speed of work, daily duration (Moore and
Garg 1995).

More recently, NIOSH’s Center for Disease Control and
Prevention published “Musculoskeletal Disorders and Workplace
Factors: A Critical Review of Epidemiological Evidence for
WMSDs of the Neck, Upper Extremity and Low Back.” One of
the things that this volume provides is a critical report of studies
used to show the association between certain working risk factors
(particularly repetitiveness, force, posture and vibration) and
individual upper limb pathologies.

There are also various documents prepared by national
bodies, institutes, and by International Standards agencies. These
represent useful references for the definition of description and
analysis procedures and criteria when dealing with tasks that
present biomechanical overload for the upper limbs. Among
these, the following deserve mention:

e the “Code of Practice Occupational Overuse Syndrome”
issued by the Australian Health and Safety Commission in
1988 (Victorian Occupational HSC 1988);

ethe “Ergonomic Program Management Guidelines for
Meatpacking Plants”, issued by the OSHA, USA, in 1991
(OSHA 1991);

o the standard plan for the control of CTDs which is being
drafted by American National Standard Institute (ANSI), a
USA standards agency (ANSI z—365 Draft Control of CTD—
PONT. 1 upper extremity (ANSI 1995);

53



54

Exposure Assessment of Upper Limb Repetitive Movements: A Consensus Document

o the OSHA draft standard “Ergonomic Protection Standard”
(Schneider, S. 1995).

e The draft standards pr-EN 1005/3 (Committee European
Normative — CEN 1997) and pr-EN 1005/4 (CEN 1997)
concerning, respectively, “Safety of Machinery, Human
Physical Performance. Recommended force limits for
machinery operation” and “Safety of Machinery, Human
Physical Performance. Evaluation of Working Postures in
Relation to Machinery.”

e The draft standards ISO/DIS 11226 (1998): “Evaluation of
working postures”.

e Sjogaard G., Fallentin N. “Exposure assessment in repetitive
monotonous jobs: Danish national strategies for preventing work-
related musculoskeletal disorders”. Schriftenreihe der
Bundesanstalt fur Arbeitsschutz. Tagungsbericht 10.
“Problems and progress in assessing physical load and
musculoskeletal disorders”. Dortmund: Bundesanstalt fur
Arbeitsschutz: 73-81 1996.

o Circular letter No. 5/1994. “Monotonous repetitive work. A
model for mapping and evaluating repetitive monotonous
work”. Danish Working Environment Service: 1-12 1994
(in Danish).

Beyond the specific objectives, these drafts continuously relate
the evaluation of force and posture to the other factors. Thus,
the force limits are related to action frequency, speed, and work
duration. The acceptability of certain postures and movements
of the various upper limb segments is established by the duration
for which they are maintained and (in the case of movement) to
the action frequency.

In summing up this report, room must be given to the
checklists that are so often seen in the medical literature, although
this is not the occasion to propose a detailed analytical review. In
general terms, however, it can be said that checklists have proved
useful, either in particular application contexts (e.g. industrial
sectors with assembly lines in which the workers carry out a
single task) or, in establishing the presence/absence of a job that
is “problematic” for the upper limbs (without evaluating the merit
of the individual risk factors and the possibility of reducing them).

This study takes into consideration several proposals derived
from the most authoritative checklists. At the same time, it
searches for models to describe and evaluate each of the main
risk factors considered in those checklists.

2. ASSESSMENT GENERAL MODEL AND
DEFINITIONS

The description and assessment general model, concerning all
exposed workers in a given situation, is aimed at evaluating four
main collective risk factors: repetitiveness, high force, awkward
posture and movements, lack of proper recovery periods. Such
factors shall be assessed as a function of time (mainly considering
respective duration).

In addition to these factors, others, grouped under the term
“additional factors”, should be considered. These are mechanical
factors (e.g. vibrations, localized mechanical compressions),
environmental factors (e.g. exposure to cold) and organizational
factors (e.g. pre-established and non-adjustable rhythms) for
which there is evidence of causal or aggravating relationship with
work-related musculoskeletal disorders of the upper limbs: the
list of such factors is open.

Each identified risk factor is to be properly described and
classified. This allows, on the one hand, the identification of
possible requirements and preliminary preventive intervention
for each factor and, on the other hand, eventually, to consider all
the factors contributing to the overall “exposure” in a general
and mutually integrated frame. From this viewpoint “numerical”
or “categorical” classifications of results may be useful for an easier
management of results, even if it is important to avoid the sense
of an overt objectivity of methods whose classification criteria
may still be empirical or experimental ones.

To this end, the following definitions are important:

o The work is composed of one or more tasks; these are definite
activities (such as the stitching of clothing, the loading or
unloading of pallets, etc), that can occur one or more times
in one work shift;

e within a single task, several cycles can be identified. Cycles
are sequences of technical actions, which are repeated over
and over, always the same way. In general terms, cycles
describe the completion of an operation on product or,
sometimes, the completion of a product unit.

e within each cycle, several technical actions can be identified.
These are elementary operations that enable the completion
of the cycle operational requirements. They may imply a
mechanical activity, such as turning, pushing, cutting, etc,
or a control activity, e.g. checking for faults, etc. In this case,
the action is not necessarily identified with the single body
segment movement, but rather as a group of movements,
by one or more body segments, which enable the completion
of an elementary operation.

There is a terminological problem in defining a technical
action: in fact, it is substantially attributable to the concept of
“Therblig” (Barnes 1958, 1968) “work element” in some literature
sources, or “micromotions and exertions” in the ANSI 2-365
(1995) draft. To solve this terminological problem, it was decided
to keep the term “technical action” which is immediately
understandable by worksite technical staff. Related examples
(picking, shifting, moving, turning) should eliminate any doubtful
interpretation. Table 1 lists the main terms used in this document,
together with the definitions that best fit the authors operational
choices for exposure assessment.

The suggested procedure for assessing the risk should follow
the general phases listed hereunder:

e pinpointing the typical tasks of any job, and — among them
— those which take place in repetitive and equal cycles for
significant lengths of time;

o finding the sequence of technical actions in the representative
cycles of each task;

e describing and classifying the risk factors within each cycle
(repetitiveness, force, posture, additional factors);

e reassembling of the data concerning the cycles in each task
during the whole work shift, taking into consideration the
duration and sequences of the different tasks and of the
recovery periods;

o brief and structured assessment of the risk factors for the
job as a whole.

3. ORGANIZATIONAL ANALYSIS

Organizational analysis should come before the analysis of the
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Table 1. Main definitions of recurring terms used in exposure
assessment.

Organized work:
the organized grouping of work activities that are carried out within a
single working shift; it may be composed of one or more tasks.

Task:

specific working activity aimed at obtaining a specific operational result
The following tasks are identified:

REPETITIVE TASKS: characterized by repeated cycles with mechanical
actions

NON-REPETITIVE TASKS: characterized by the presence of non-cyclical
mechanical actions

Cycle:
a sequence of technical, mainly mechanical, actions, that is repeated
over and over, always in the same way.

Technical action (mechanical):

an action that implies a mechanical activity; not necessarily to be
identified with the single joint movement, but rather with the complex
movements of one or more body regions that enable the completion of
an elementary operation

Potential risk factors

Repetitiveness:
the presence of events (i.e. cycles, technical actions) that are repeated
in time, always in the same way.

Frequency:

number of technical (mechanical) actions per given time units (no. of
actions per minute)

High frequency is the related risk factor.

Force:
the exerted force required by the worker for the execution of the
technical actions.

Posture:

the whole postures and movements used by each of the main joints of
the upper limb to execute the sequence of technical actions that
characterise a cycle.

Awkward posture: hazardous postures for the main joints of the upper
limbs.

Recovery period:

period of time between or within cycles during which no repetitive
mechanical actions are carried out. It consists of relatively long pauses
after a period of mechanical actions, during which the metabolic and
mechanical recovery of the muscle can take place. Lack of recovery is
the related risk factor.

Additional risk factors:

additional risk factors may be present in repetitive tasks but are neither
necessary nor always present. Their type, intensity, and duration lead to
an increased level of overall exposure.

four main risk factors and of the additional factors. It is essential
to focus on the real task duration and repetitive tasks, and on the
existence and distribution of recovery periods.

The first phase of the analysis is finding the distribution of
work times and pauses within the work shift(s).

In this way it is possible to find the duration and distribution
of the macro-pauses (RECOVERY PERIODS).

The organized work shift may consist of one or more working tasks.

In turn, each task may be characterized by cycles or by other
types of execution.

If the task is characterized by cycles with mechanical actions,
it will be defined as a REPETITIVE TASK.

If it is characterized by check operations (examination,
inspection) without movements or awkward postures, and

PAUSE PAUSE
(10m.) (10m.)
WORK LUNCH
BREAK
1h. |
8am. h. 12 5p.m.
START END

-- work: 460 minutes
-- pause: 20 minutes - -
-- daily pause time: ------ 60 (lunch) + 20 (pause)

- |480 minutes shift

Figure 1. Definition of repetitive task.

therefore without mechanical actions, it will be defined as a
recovery for the upper limbs.

The tasks with non-repetitive mechanical actions remain and
shall be defined as NON-REPETITIVE Tasks (but not “recovery
periods”).

The number of foreseen cycles within a REPETITIVE TasK, and
the net duration of each cycle, must be counted at this point.

MIN. IN SHIFT AND MAIN
CHARACTERISTICS
TASKA PISTON ASSEMBLY REPETITIVE TASK
TASKB LINE MAINTENANCE 60 | NON-REPETITIVE TASK
OPERATIONS
TASK C LINE VISUAL CONTROL 180 | RECOVERY
PAUSE 2x 10 MIN. EACH 80 | RECOVERY
60 MIN. (LUNCH)
TOTAL 480 MIN. WORK
(+ 60 MIN. LUNCH)
PAUSE PAUSE
(10m.) (10m.)
WORK LUNCH
BREAK
A [ C [ A C A © [ A B
1h. |
8am. h. 12 5p.m.
START END

Note: periods of “non-working” in the order of minutes.

Figure 2. Definition of non-repetitive task.

The number of cycles often coincides with the number of pieces
to be worked in each shift.

4. RISK FACTORS

— 440 pistons must be assembled in 220 min
in the 8-hour shift

TASK A — the assembly of each piston is to be considered as a single cycle
described
in Example 2

— the cycle duration is 30 sec . (440 pistons in 220 min. net)

Figure 3. Definition of cycle time.

4.1. Repetitiveness: frequency
This is probably the risk factor of greatest importance in many
jobs in industry, so much so that the syndromes of specific interest
have often been defined through this element (repetitive strain
injuries). The characterization of repetitiveness can be used to
discriminate the tasks that must be assessed. To this end, the
presence of a repetitive task for the upper limbs can be defined
as the consecutive activity, lasting at least one hour, in which the
subject carries out work cycles similar to each other and of
relatively brief duration (a few minutes at maximum). The cycles
require the carrying out of mechanical actions.

Once repetitive tasks are submitted to analysis, there is the
more important problem of quantifying and assessing
repetitiveness. In the literature, a definition of repetitiveness on
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the basis of cycle duration can frequently be found. High

repetitiveness, in particular, is postulated with cycles lasting less

than 30 seconds (Silverstein et al. 1987).

This same proposal is completed by stating that high
repetitiveness occurs when over 50% of the cycle time is spent in
performing the same type of action. It is to be noticed, however,
that it is possible that very short cycles do not require very
frequent gestures and movements, and that longer cycles are
carried out with a high frequency of actions. Since the
development mechanism of tendon pathologies seems to be
related to movement frequency, then action frequency is a more
accurate estimation factor of this risk element.

Measuring the frequency of the single joint movements would
be the best thing for assessment, as some authors suggest. In
fact, the highest risk occurs when the same type of movement is
frequently repeated by the same joint. Obviously, a direct
measurement of joint movement frequency is not always feasible
in the field. It would require the measurement of the frequency
of each type of movement (flexion, extension, adduction,
abduction, etc.) for each of the main joints, and for both upper
limbs.

In this proposal repetitiveness is measured, on the one hand,
by counting, within the cycle, the number of technical actions
performed by the upper limbs and, on the other hand (see,
hereafter, analysis of postures and movements), by identifying,
for each action, how many times (or for how long) it involves a
given posture or movement of each main segment/joint of the
upper limbs (hand, wrist, elbow, shoulder).

A description of the technical actions often requires the
filming of the job, which must then be reviewed in slow motion.
When the cycles are very short (few seconds), a direct observation
at the workplace could work as well as filming. If the task is
technically complex, it is extremely useful, indeed often essential,
to describe the action sequence with the help of company
technical personnel experienced in the task itself. Often, the
company already has records available in which the task is
described and numbered, and the elements constituting
successive technical actions are timed (methods—time
measurements).

In order to analyze frequency, the following steps have to be
implemented:

(a) Description of the technical actions: reviewing the film in
slow motion, all technical actions carried out by the right
and left upper limbs, must be listed in order of execution.
When the same action is repeated more than once, such as
drawing a screw, each repetition of a single action must be
counted (i.e. turning four times). When a certain action is
carried out repetitively, but not on all pieces (i.e. technical
actions for quality control, to be carried out once every 4
pieces or every 20 pieces), then the action described is
counted with the relevant fraction (one-fourth or one-
twentieth). The technical action sometimes coincides with
the joint movement. In this case, when the execution of a
simple movement is aimed at the execution of a given
technical action, it must be counted as a proper technical
action (i.e. use finger flexion to push button). Table 2 gives a
description of a brief but complex operating cycle recorded
at a working post on an engine assembly line. The actions
listed are ascribed to the left and/or right upper limbs in

numerical terms. Actions not necessarily present in every
cycle, are specially calculated.

G)

N

Calculation of action frequency; from the previously described
work organization study, the following are already known:
net time of repetitive task, number of cycles in repetitive task,
duration of each cycle. From the technical action description
it is possible to obtain: the number of actions per cycle, and
therefore the action frequency in a given time unit: NO. OF
AcTIONs PER MINUTE (Table 2). It is also possible to obtain the
overall number of actions in the task/tasks, and consequently
for the shift. Additional considerations should be also given
to the “cyclicity” (i.e. the changing of frequency during the
shift: regular, irregular or cumulated) of a job.

4.2. Force

Force more directly represents the biomechanical effort necessary
to carry out a given action, or sequence of actions. Force may be
described as being external (applied force) or internal (tension
developed in the muscle, tendon, and joint tissues). The need to
develop force during work-related actions may be related to the
moving or the holding still of tools and objects, or to keeping a
part of the body in a given position.

The use of force may be related to static actions (static
contractions), or to dynamic actions (dynamic
contractions).When the first situation occurs, it is generally
described as static load, which some authors describe as a “distinct
risk element” (Hagberg et al. 1995).

In the literature, the need for using force in a repetitive fashion

Table 2. Example of description and calculation of technical
action frequency within a complete cycle.

NUMBER OF ACTIONS
IN A COMPLETE CYCLE

RIGHT LEFT

- Pick up and position gasket in bushing lodging 2
- Use pincers in right hand and hook 1st spring 2
- Use pincers in right hand and hook 2nd spring 2 1
- Shift calibre and push button 2

* Spring position correction (once every four pieces)

- Pick up unscrewing tool and position it 2/4 3/4
- Unscrew or screw spring 14 1/4
- Put tool down 1/4
* Substitution of broken spring (once every 20 pieces)
- Pick up unscrewing tool and position it 2/20 3/20
- Unscrew spring (4 times) 4/20 4/20
- Hold tool 1/20
- Pick out broken spring with pincers (2 times) 2/20
- Pass tool into right hand 1/20
- Pick up spring and put it on tool 1/20 2/20
- Position spring and screw it in (4 times) 5/20 5/20
- Put tool down 1/20
Total 9.5 5

No. of pieces per shift = 2075
Cycle time = 11.9 sec.

per piece
No. of technical actions per cycle: on the right = 9.5

on the left = 5.0
Frequency: Right 9.5 x 60 = 47.9 = 48 (action/minute)
1.9
Left 5x 60 = 25 (action/minute)
1.9
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is indicated as being a risk factor for tendons and muscles.
Furthermore, a multiplying interaction has been shown to exist
between force and action frequency (Silverstein et al. 1986),
especially for tendon pathologies and nerve entrapment
syndromes.

Force quantification in real life contexts is a problem. Some
authors use a semi-quantitative estimation of external force via
the weight of the objects being handled. In other cases, the use
of mechanical or electronic dynamometers has been suggested.
The internal force can be quantified by means of surface
electromyography techniques.

Finally, other authors suggest using subjective evaluation
methods through psychophysical rating scales. On account of
in-field applicability problems, two different procedures are
advised for the evaluation of the use of force associated with the
technical actions present in one cycle.

4.2.1 Use of dynamometers to assess the force
required to carry out a given technical action

This procedure is possible and recommendable for actions
involving the use of levers, or components of machines and
objects. In these cases it is possible to determine the force required
to move a lever, or, if the dynamometer is equipped with the
proper interface, to simulate the same working action by the
workers involved (cross modality — matching). It is to be noticed
however that not all technical actions requiring the use of force
can be easily determined by means of dynamometers. Besides
the observer should be able to establish which technical actions
respectively do or do not require the use of force also by asking
the operator for the forceful actions.

In order to evaluate the use of force, it is necessary to compare
the results obtained on the field with the ability of a reference
working population: relevant data are available either in the
literature or can be provided by National or International
Standards organizations (refer to Appendix C). Additional
information on maximal action force may be obtained from the
“force atlas” (Rohmert et al. 1994).

4.2.2 Use of psychophysical rating scales

In this case, worker’s subjective evaluation is used to determine
the physical effort associated with the cycle technical actions. Of
the different psychophysical scales available in the literature,
reference can be made to the “CR10 Borg scale” for perceived
exertion (the category ratio scale for ratings of subjective somatic
symptoms including perceived force, where 10 defines the relative
maximum) (Borg 1982, 1998).

The use of subjective scales is not free from disadvantages
likely to affect their reliability (e.g. non-acceptance of the
“subjective” method by some employers, conflicting situations
influence of motivation, presence of “pathological” subjects,
wrong communication of the subjective evaluation goal).

Despite these objections, it is worth mentioning that this
technique, if correctly used, allows researchers to evaluate the
effort associated with any technical action. In terms of evaluation,
reference values are provided by the scale itself. Besides which,
according to some authors (Grant et al. 1994), the results of the
implementation of Borg’s Scale, when used for an adequate
number of workers, have turned out to be comparable to those
obtained with surface electromyography (value of Borg’s Scale x

10 @ percentage value with respect to Maximum Voluntary

Contraction MVC as obtained by EMG).

The quantification of the effort as perceived by the whole
upper limb should theoretically take place for every single action
that makes up a cycle. For practical reasons, the actions that
require no, or minimal, muscle involvement could be identified
respectively as 0 or 0.5 value in Borgs Scale; then the involvement
description procedure could only describe those actions, or
groups of actions, that require more force than the minimal
amount, always using Borgs Scale.

This procedure, when applied to all workers involved, allows
researchers to evaluate the average score among subjects for each
technical action by asking for the use of force, as well as the
weighed average score for all actions and the whole cycle time.

Finally it is to be emphasized that whatever the method used
for the description and assessment of force, it is necessary to
evaluate:

(1) the average level of force required by the whole cycle —
referred to as the maximum force capability, it is defined by
reference groups or the group of workers involved;

(2) whether there are in the cycle ( and which and how many)
technical actions requiring the development of force beyond
given levels (peak force)?

It is useful to know also the presence of peaks because the
knowledge of average level only can hide their presence.

4.3. Posture and Types of Movements
Upper limb postures and movements during repetitive tasks are
of basic importance in contributing towards the risk of various
musculoskeletal disorders. A definite agreement is found in
literature as to the potential damage coming from extreme
postures and movements of each joint, from postures maintained
for a long time (even if not extreme) and from specific, highly
repetitive movements of the various segments. Moreover, the
description of postures and movements of each segment of upper
limbs during technical actions of one cycle completes the
description of “the repetitiveness” risk factor. The analysis of
postures and movements shall be concerned with each single
segment of upper limbs (hand, wrist, elbow, shoulder): it is aimed
at checking the presence and time pattern in cycle (frequency,
duration) of static postures and dynamic movements involving
each segment/joint considered.

The description may be more or less analytical but has to be
able to appreciate at least the following items:

(a) Technical actions requiring postures or movements of a single
segment beyond a critical level of angular excursion (see
below).

(b) Technical actions involving postures and/or movements
which, even within acceptable angular excursion, are
maintained or repeated in the same way.

(¢) The duration expressed as a fraction of cycle/task time of
each condition reported above.

Joint combination of such description factors (posture/time)
will provide the classification of posture effort for each segment
considered.

In order to identify the so-called angular excursion critical
levels (point (a)), reference is to be made to data and proposals
available in the literature.
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Table 3. References to the medium/high involvement of joints during dynamic activity.

Table 3 summarizes some of the main description and
classification methods of postures and upper limb movements
during repetitive work.

It should be particularly noted that the international literature
highlights the need both to describe the awkward postures and
to study their duration and frequency (Putz-Anderson 1988,
Hagberg et al. 1995; Moore and Garg 1995). It is, however, to be
emphasized that at this stage it is not important to describe all
the postures and movements of the different segments of upper
limbs, but rather to focus on those that by typology or excursion
level (as well as by duration) are the static postures and/or the
movements involving greater effort and also requiring
improvement.

On the other hand, the literature provides information on
the risk of postures and movements maintained or repeated
identically for prolonged times (point (b)). This holds true even
if the excursion of such postures and movements does not
reach the critical levels evidenced above. In this case, however,
the “duration” factor (point (c)) becomes even more important
in fixing criticalness of “stereotypy” of specific postures or
motions.

4.3.1 Static postures

Static postures are considered critical when:

a) they near the extremes of the movement range —
independently of the duration

b) they resultin the body segment being held in an intermediate
position within the joint range for a prolonged period of time.
Table 4 shows an original suggestion (Rohmert 1973) of the

RULA CEN prEN 1005-4 OSHA KEYSERLING DRURY OCCHIPINTI - COLOMBIN! ANSI 7-365 MOORE - GARG
(Mc.Atamney et al., 1933) 1SO/CD 11226 (Schneider S., 1995) | (Keyseriing WM., 1993) | (Drury C.G., 1987) (Occhipinti et al., 1996) (Ansi, 1995) {Moore etal., 1996)
MEDIUM-HIGH HIGH HIGH HIGH HIGH
INVOLVEMENT INVOLVEMENT INVOLVEMENT INVOLVEMENT INVOLVEMENT INVOLVEMENT INVOLVEMENT INVOLVEMENT
HIGH MED.
SHOULDER
UNSUPPORTED

- Flexion [45°-90°] [>.90°] >60° 20-60° UPPER LIMBS OR UNSUPPORTED +94° +80° UNSUPPORTED
—  Extension SUP.20° IF PRESENT ELBOW AT MEDIUM ELBOW AT MEDIUM +31° +20° ELBOW AT MEDIUM
—  Abduction (F PRESENT >60° 20-60° CHEST HEIGHT CHEST HEIGHT +67° +45° CHEST HEIGHT
ELBOW
—  Flexion [60°] [SUP.100] IF EXTREME - - +71° +60° iF EXTREME
—  Supination CLOSE TO MAX.RANGE IF EXTREME IF SPEEDY IF PRESENT +39°, + 57° +60° {F EXTREME
WRIST
—  Flexion [15°] [SUP.15°] IF EXTREME SUP.20° IF +45° +45° IF EXTREME +30°
—  Extension [15°] [SUP.100 ] IF EXTREME SUP.30° PRESENT +50° +45° IF EXTREME +40°
~  Radial deviation IF PRESENT IF EXTREME - AND +14° +15° IF PRESENT -
—  Ulnar deviation IF PRESENT IF EXTREME EVIDENT +240 20 IF PRESENT o0t
HAND
- Pinch IF > 2 POUND LOAD IF PRESENT iF PRESENT DIFFERENT SCORES {F PRESENT
- Grip IF > 10 POUND LOAD - IF PRESENT FOR DIFFERENT TYPES -
- Keying IF FOR LONG TIME - OF PINCH AND GRIP -
- Other fingers PRESSING WITH

movements CLICK AND DRAG TRIGGERING SPEEDY FINGERS THE TIP OF THE

MOTION MOVEMENTS FINGERS
It
HOW TO CLASSIFY
POSTURE EFFORT
- STATIC POSTURE vEs Yes Ve ves
- HIGH FREQUENCY - YES - - YES YES YES YES
- USE OF FORCE YES - I grip with force For objects > 2,7 Kg YES YES YES YES
- DURATION - YES YES (time in the shift) | YES (> 1/3 of cicle time} YES YES YES YES
- SAME TYPE OF ACTIONS YES - YES YES - -
EVERY FEW SECONDS (>4 times/min.) .

use of muscle force in an optimal balance between static load
and recovery time.

Static postures may be present both in repetitive and non-
repetitive tasks; an investigation is necessary as well. In this case
the evaluation criteria are based on the type of 14 postures,
continuative maintenance time, adequacy of recovery periods (see
Table 4 and section 4.4). Appendix D1 contains the relevant parts
of an easily applicable international consensus standard.

4.3.2 Movements

The literature often provides a definition associating movements
with duration (or repetitiveness): work cycle less than 30 seconds
or the same fundamental work actions performed during more
than 50% of the cycle time are to be considered as critical
(Silverstein et al. 1987). Using the latter criteria it is possible to
assert that repetition of the same action in the same joint
(stereotypy) is critical when it exceeds 50% of the cycle time,
regardless of the size of the movement angle.

Further, the duration seems to be the major factor in view of
determining the level of effort associated with movements with
critical angular excursion. In this regard, the literature sources are
less univocal but for practical purposes reference could be made to
a fraction of the cycle equal or above 1/3 (Keyserling et al. 1993;
Colombini 1998), or to the criteria for which the extreme movements
of a single joint should not exceed a frequency of twice a minute;
these can be the “rationale” with which to define a significant
threshold of effort associated with critical angular excursions.

To obtain an exhaustive description of postural risk it is
necessary to cover four operational phases:
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Table 4. Rohmert’s original suggestion concerning recovery
periods (in seconds) for technical actions requiring isometric
contractions (equal to or longer than 20 seconds) for applied
times and forces.

FORCE HOLDING RECOVERY
(%MVC) DURATION (SEC.) PERIOD
20 2 10%
30 3 10%
45 7 15%
up to 120 60 50%
20% MVC 180 180 100%
240 480 200%
300 1200  400%
450 2700 600%
20 10 50%
40 40 100%
about 60 120 200%
30% MVC 90 360 400%
120 720 600%
150 1200  800%
20 20 100%
about 30 60 200%
40% MVC 50 200 400%
70 420 600%
about 20 40 200%
50% MVC 30 120 400%
40 240 600%
90 720 800%

(a) aseparate description of postures and/or movements by each
joint: shoulder, elbow, wrist, hand (type of grip and finger
movements) and by type of effort (static, dynamic);

(b) static postures: observation of static postures close to extreme
articular range, during the cycle/task time; observation of
static postures in the medium of articular range held for a
prolonged period of time; observation of grip positions during
cycle/task time.

(0) joint movements: presence of articular movements, close to
the limit of the range of motion during the cycle/task time;
repetitive articular movements, due to presence of the same
technical actions (independently of the articular range) for
at least 50% of cycle time and subsequently of task time.
To allow the technician to make an easier description and

classification of the postural effort (type of posture per time), a

form is reported in Appendix A (Table 6) with an example of all

the major items for each one of the four segments of the upper
limb under consideration in order to obtain a postural score.

Appendix D2 contains the relevant parts of an easily applicable

international consensus standard.

For practical purposes, a significant cycle should be analyzed
for each repetitive task. This is better achieved by videotaping.

The video could be reviewed in slow motion to describe and
evaluate the effort of each joint segment, making a distinction
between right and left side when the effort is asymmetrical.

4.4. Lack of Recovery Periods
The recovery period is a time during which one or more of the
muscle groups that are usually involved in the work tasks are
basically inactive (macro-pauses). The recovery period is one of
the main factors for overall exposure assessment.

The following may be considered as recovery periods:

(a) work breaks, including the lunch break

(b) those periods during which tasks are carried out, which do
not involve the usual muscle groups

(o) those periods within a cycle, with actions implying the total
rest of the usually active muscle groups; to be defined as
macro-pauses, these periods must be at least 15 consecutive
seconds; micro-pauses of very short duration indicated as
E.G. EMG gabs of at least 0.2 seconds seems to be of major
functional significance but are difficult to detect without
technical measurements.

The analysis of the recovery periods is first and foremost a
check of their duration and distribution within the cycle, and a
macroscopic examination of their presence, duration and
frequency within the whole shift. With some exceptions (see
later), represented by recovery periods for actions implying
protracted static contractions, the description and the
assessment of recovery periods should be based on the
following:

(a) adescription of the actual task sequences involving repetitive
movements of the upper limbs, of “light” non-repetitive tasks,
and of pauses;

(b) the frequency of the recovery periods with reference to the
actual number of working hours per shift;

(c) aratio between the total recovery time and the total working
time, in a shift devoted to tasks involving repetitive
movements.

The main problem encountered in analyzing recovery periods
is the lack of criteria for an adequate assessment (duration, time
scheduling).

In this connection, it is worth making the following
considerations.

4.4.1
As for static actions, classical muscular physiology studies

Static actions

(Rohmert 1973) provide criteria with which to assess the
adequacy of recovery periods as an immediate consequence of a
static effort (as a function of its intensity, mostly expressed in
percentage of the MVC and duration of involvement).

It should be emphasized, however, that such data refer to
effect such as performance or, at best, muscular fatigue but is not
fully validated when considering major health effects.

While taking into account such deficiencies, the results of
these studies are summarized in Table 4. It shows the various
degrees of contraction force, as a percentage of MCV, and the
various duration of contraction (in seconds); for each, the
minimum necessary muscle recovery periods are indicated, both
in seconds and as a percentage of the contraction time. The table
is self-explanatory.

After each holding condition, and according to the force
developed, an adequate recovery period must immediately follow.
If such a period is either absent or inadequate, then there is a
condition of risk, all the greater with the greater discrepancy
between the actual situation and the optimal one. Table 4 is
important as a prevention tool; it offers the optimal division
between isometric contraction and recovery periods, to be
alternated in strict succession. The corollary of the table, as a
prevention tool, is that the force required during isometric
contractions that last over 20 seconds (maintenance) must never
exceed 50% of MCV.
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As to using Table 4, if data about % MCV are not available, it
is possible to estimate force using Borg CR10 scale.

Also within non-repetitive tasks characterized by the presence
of static postures, it is necessary to use adequate RECOVERY TIMES as
suggested in Table 4. Appendix D1 contains the relevant parts of
an easily applicable, international consensus standard.

4.4.2 Dynamic actions

As for dynamic actions, no adequate studies are available for

evaluating the optimum distribution between repetitive work time

(with relative levels of muscular and tendinous effort) and

recovery time. A partial exception is the case when so-called

intermittent static actions are carried out. For this kind of action,
reference should be made to the valuable contribution by Bystrom

(1991) that established the maximum acceptable work time before

it becomes necessary to have a recovery period, considering a

given rate of muscular involvement (expressed in % MVC).

In most repetitive tasks, however, upper limbs actions are
typically dynamic and, in the absence of consolidated scientific
studies, concerning the optimal distribution of recovery periods,
it becomes necessary to refer to “rough” and empirical data
reported in the literature or in guide documents and standards
(Victorian Occ. HSC Australia 1988; ISO TC 159 Draft 1993;
Grandjean 1986).

Logically, if not strictly scientifically speaking, all these
documents tend to state that:

(1) work involving repetitive movements of upper limbs cannot
be continuously sustained for over one hour without a
recovery period;

(2) the recovery period, within one hour of repetitive work, has
to be in the region of 10-20% of working time (that is about
5-10 minutes per hour). These rough indications, still to be
perfected, may guide description and assessment methods
of REcovERy TIMES with relation to “dynamic” activities of upper
limbs.

An example of how to obtain a score for “lack of recovery
period” is described in Appendix B.

4.5. Additional Risk Factors
There are other factors, apart from those already discussed, which
are considered to be relevant in the development of WMSDs.
They always have their origin in work and must be taken
into consideration whenever assessing exposure. They have been
described as additional in this work, but not because they are of
secondary importance — rather, because each of them can be
either present or absent in the various occupational contexts.
For a factor to be considered, it has to have an association with
WMSDs' effects, as well as having a collective impact (that is, on
the whole of exposed subjects or on significant groups of them)
and not an individual impact (that is, on single subjects). In other
terms, factors such as anthropometric measurements,
psychological issues, extra work activities of single subjects are
not to be considered at this stage of analysis. The additional risk
factors may be mechanical, environmental, organizational ones.
The list of factors mentioned here (Table 5) is only an indicative
one and is not exhaustive: from time to time each operator will
decide on the single factors of interest in view of assessing overall
exposure.

Table 5. List of possible additional risk factors (not complete).

MECHANICAL

° Hand-arm vibrations

. Extreme precision in positioning objects

. Localized compression on upper limb structures

. Use of gloves

. Rapid or sudden wrenching movements of upper limbs
. Blows and shocks (such as hammering hard surfaces)
ENVIRONMENTAL

. Exposure to cold

. Exposure to heat

ORGANIZATIONAL

Machine-paced task

Incentive payment

Routine overtime

Working with tight deadlines
Sudden peaks of high workload
Lack of training

Mechanical and environmental factors can be described and
assessed according to the corresponding time pattern (frequency,
duration). This allows the definition of the amount of time (both
with reference to cycle time and task time) spent with that factor.
For assessment purposes, it will be considered that the optimal
condition is represented by the absence, or a very limited presence,
of each additional factor. Organizational factors can be described
according to category classifications (at least as present/absent).

5. OVERALL EXPOSURE ASSESSMENT

An overall exposure assessment of upper limb WMSDs must
account for different risk factors, described one by one and
classified.

If, in fact, it is true that the simplest and most elementary
prevention actions can be already undertaken after a good analysis
of each risk factor, it is all the more true that more comprehensive
prevention strategies (e.g. priority choices) must be based on the
assessment of overall exposure, as determined by the different
combination of the risk factors considered. In this regard, the
literature even now provides data and convincing hypotheses on
the interrelation between some of the considered factors.

The force—repetitiveness ratio was examined in relation to
effects (Silverstein 1987) and muscular capability and physiology
while taking activity times (duration) into consideration (CEN
1997).

On the other hand, the relationship between possible force
development and some postures (or movements) of the hand—
forearm segment (Eastman Kodak 1983) are known. In a recent
CEN document (CEN — PrEN1005/4 1996) upper limb postures
and movements are classified according to action frequency and
overall task duration.

In another recent CEN document (CEN — PrEN1005/3 1997),
the recommended force values to be developed in different kinds
of manual action by upper limbs are provided in relation to
variables such as action frequency, action speed, and overall task
duration.

In spite of this, it should be stated that at the present state of
knowledge there still is a lack of sufficient data to outline an
accurate and parametric general model, combining all the risk
factors considered, particularly when the issue is to fix the “specific
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weight” of each factor in determining the overall exposure level.

Accounting for this, we have to emphasize the necessity of having

even partially empirical models for a synthetic assessment of

overall exposure to the risk factors considered.

Methods and procedures for determining synthetic exposure
scores are already available in the literature. Even when using
simple checklists (Keyserling et al. 1993; Schneider 1995) the
analytical process closes with a synthetic score classifying
exposure.

When slightly more sophisticated exposure description and
assessment methods are used (McAtamney and Corlett 1993;
Moore and Garg 1995), models and procedures are, however,
provided for calculating synthetic indices to account for risk factors.

A synthetic index has been recently proposed (Colombini
1998) providing a classification of the risk factors considered
here (repetitiveness, force, posture, lack of recovery periods, and
additional risk factors). This synthetic index model has been the
object of positive preliminary tests, through epidemiological
studies. It allows a classification of the results in a three-zone
model, useful for implementing preventive actions following from
the exposure assessment process.

Being well aware that the data supporting the above overall
exposure assessment models are still deficient and often empirical,
itis recommended that, if used, they should be adopted “critically”
when studies are carried out for preventive action and/or for the
active health surveillance of workers. In this respect, and with
these goals, the following aspects should be considered:

(@) The exposure indices proposed at present have a
methodological value, showing the concept of the integrated
evaluation of risk factors.

(b) Such indices also have a practical value: even if they do not
provide an absolute statement of the exposure (and thus of
WMSD risk), at least they allow the ranking of exposure levels
derived mainly from the combination of the different factors
in the different work situations. This allows priority choices
of action and intervention. Currently, an index may only be
used in combination with health status monitoring
(complaints, disorders) of the workers involved, in order to
see whether the right action and intervention were chosen.

(¢) The exposure indices proposed here should not be intended
as standards or reference values to distinguish safe or
hazardous conditions; this should be clearly emphasized to
the potential users.

(d) The exposure indices proposed here, or in the future, need
to be validated by laboratory studies, as well as by
epidemiological studies (exposure/effect).

(e) The issue of exposure integrated assessment of upper limb
repetitive movements is a crucial problem for future scientific
and application developments of ergonomics.

(D Finally, it should be emphasized that the exhaustive
description and classification of the risk factors associated
with a given repetitive task, the quantification of consequent
exposure in a concise, albeit approximate, index, and the
need to perform parallel studies on the clinical effects on
exposed workers, all represent both an opportunity and a
commitment to carry out further research and intervention
in the field in the near future.
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APPENDICES

In appendices A and B, some risk assessment examples are shown
in order to obtain exposure scores. They represent only a
hypothesis of simple methods easily applicable in the field. In
appendices C and D, information about the assessment of force,
posture, and movement in easily applicable, international
consensus standards are presented.

The appendices contain examples of practical methods
previously used for measuring exposure and assessing risk. The
methods presented in appendices A and B have proved useful in
field studies and illustrate possible approaches to the analysis of
work place risk factors. In addition, force capacity values included
in the preliminary CEN standard (PrEN 1005-3) and the evaluation
procedure for postures and movements used in ISO/DIS 11226
and prEN 1005-4 are presented in appendices C and D.

Note: The proposed methods available for work place risk
assessment purposes are numerous and the examples presented
in this appendix are not especially endorsed or recommended
by the authors of the consensus document, nor by the IEA
Technical Committee.

Appendix A: An example for calculating
postural exposure scores (Colombini
1998)

In order to allow the technician to make an easier description

and classification of posture effort (type of posture per time),

Table 6 reports a form with an example of all the major items for

each one of the four segments of the upper limb under

consideration.

There are four operational phases in the form:

(a) A separate description of postures and/or movements by each
joint: shoulder, elbow, wrist, hand (type of hold and finger
movements), and by type of effort (static, dynamic).

(b) Static postures: observation of static postures close to extreme
articular range, during the cycle/task time (A,, C,, D));
observation of static postures in medium leverage angle held
for prolonged period (A,, C,); observation of grip positions
(D)) during cycle/task time.

(¢) Joint movements: presence of articular movements, close to
the extreme joint excursions during the cycle/task time (A,
B, C); repetitive articular movements, due to presence of
same technical actions (independently of the articular range)
for at least 50% of cycle time and subsequently of task time
(A, B, C, D).

(d) Calculation (for each joint) of the postural involvement score
within the cycle/task time summing the scores written in the
square boxes, checked during the posture analysis.

The posture involvement score is attributed to each joint,
taking into account that the presence of a significant effort is
given by either of the two minimum scenarios, one for static
postures and the other for movements, respectively.

For practical purposes, a significant cycle should be analyzed
(preferably by a video) for each repetitive task.

The video could be reviewed in slow motion to describe and
evaluate the effort of each joint segment, making a distinction
between right and left side when the effort is asymmetrical.

A possible example to obtain a risk score for the lack of
recovery periods is shown below.

Example

With the help of Table 6, analyze the work of an operator
who picks up a handful of screws with the right hand, and for
two-thirds of the cycle fits the screws into their holes, always
using the same hand and holding his arms off the table. Cycle
time is 15 sec; shift duration is 8 hours.

Begin by observing the shoulders.

The operator first takes the screws from a container
(abduction/adduction more than 60°) and then keeps the arm in
flexion, in a risk area (>60°) for 2/3 of cycle time.

In Table 6, under shoulder sign in Al: 1/3 (score 4), in A3:
2/3 (score 8), in A4 the continuously keeping the arm raised
(score 4).

The posture score for the shoulder is 16: in this way critical
movements, critical static postures and continuously arm-raised
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Table 6: Analysis of upper limb postures as a function of time: a simplified model with an example (example 4)
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positions are summed up considering time pattern during the
cycle.

As for the elbow, the operator carries out pronation
movements (and return from pronation) >60° for two-thirds of
cycle time.

Under the elbow B1, enter two-thirds of cycle time for
pronation movement (score 4), and in B2 enter *4" for movement
stereotypy.

The elbow has an overall score of 8.

The wrist joint does light flexion (and return from the flexion)
movements, but for gestures of the same type, and for two-thirds
of cycle time. Under C2 fill in 4.

The overall score for the wrist is 4.

The hand is involved in concurrent precision grip (PINCH).

These gestures are always the same, and last for the whole of
the cycle. Under D1 sign 3/3 (score 9); under D3 sign the box 4;
the overall score the hand is 13.

When the cycle time is extremely short (e.g. shorter than 6
sec.), the stereotypy of the technical actions is always present.

Appendix B: An example for calculating lack of
recovery period exposure scores
(Colombini 1998)

A still empirical but effective way of performing such analysis is

by examining individually the hours that make up the shift; for

each hour it is necessary to verify whether repetitive tasks are
carried out and whether there are adequate recovery periods
(Colombini 1998).

According to the presence/absence of adequate recovery
periods within each hour of the repetitive work under
examination, each hour is considered as being either “risk-free”,
or “at risk” if there is a lack of adequate recovery periods.

The overall risk related to lack of recovery periods could be
determined by the total number of hours of the shift in which
recovery is insufficient.

A possible example to obtain a risk score for lack of recovery
periods is shown in example 5 (Figure 4).

The risk due to a lack of recovery periods is classified with a
score of 4. This expresses the number of hours in the shift in
which the recovery is insufficient. In an eight-hour shift, with a
lunch break but with no other pauses at all, the score will be 6;
in fact, the hour of work followed by the lunch break, just as the
last hour before the end of the shift, can be considered as risk-
free, because they are followed by adequate recovery periods.

Appendix C: Recommended force limits for
machinery operator (PrEN 1005-3 1996)

o Define relevant actions and force directions.

e Obtain distribution parameters (average and standard
deviation) of the maximal isometric force for the relevant
action in the general adult healthy European population.

e Decide if the machinery is intended for professional or
domestic use.

In a working situation where a single repetitive task is carried out (task A), and where pauses are

distributed as follows:

END OF SHIFT

Figure 4. Protocol for work/rest schedule on repetitive tasks.

BREAK BREAK
(10 MIN) (10 MIN.)
1°h. 2°h. 3°h. 4°h. 7°h. 8°h.  9°h.
6°h.
| A A | A A A A | A | A
LUNCH
BREAK
the following scheme (protocol) should be adopted:
1st HOUR =60 min. TASK (no rec.) = RISK 1
2nd HOUR =50 min. TASK: 10 REC. = RISK 0
3rd HOUR =60 min. TASK (no rec.) = RISK 1
4th HOUR =60 min. TASK
5th HOUR =60 min. REC. = RISKO
6th HOUR =60 min. TASK (no rec.) = RISK 1
7th HOUR =50 min. TASK: 10 REC. = RISKO0
8th HOUR =50 min. TASK (no rec.) = RISK 1
9th HOUR =60 min. TASK + RECOVERY = RISKO0
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e Determine F, i.e. the 15th force percentile for professional
use or the 1st percentile for domestic use.

Appendix D 1: Evaluation of working postures
(1ISO/DIS 11226 1998)
The holding time for upper arm elevation is evaluated using Figure

5.
It is recommended to provide adequate recovery time
following the holding time for a certain upper arm elevation.

Appendix D 2: Evaluation of working postures
in relation to machinery (CEN prEN 1005—
4 1997)

Upper arm elevation

Step 1: refer to figure and table below

Step 2:

(a) Acceptable if there is full arm support; if there in no full arm
support, acceptability depends on duration of the posture
and period of recovery.

(b) Notacceptable if the machine may be used for long durations.

(0) Not acceptable if frequency >10 / minute and/or if the
machine may be used for long durations.

The holding time for upper arm elevation is evaluated using the table below.

HOLDING TIME ACCEPTABLE NOT RECOMMENDED
> maximum acceptable holding time* X
< maximum acceptable holding time* X
e Taken from the figure below.
A 0° <y < 20° = acceptable
v < 60° = not recommended
W % NOT
% DEG 3 - RECOMMENDED awkward and extreme
S |<£ 0] 5'5’- 3 positions of all upper
<LZc extremity segment
<§( ek 2 - and joints
<o =
T
not recommended
1--- ACCEPTABLE
I
0 10 20 30 40 50 60

UPPER ARM ELEVATION y
(DEGREES VERSUS REFERENCE POSTURE)

Figure 5. Maximum acceptable holding time.
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Upper arm elevation

Evaluation of upper arm elevation

-
-
1] S
1 -~ 4
L
VBOe =" ’
L

Mevemeant
Slatic low frequency high frequency
poslurne =2/ mimuie) { > Zmimute)
I* | acceptable ACCEFTABLE accepiahle
1l condiionally accepinhle conditbonally
ncceplable (step 2A) acceplable (step 2C)
il | notacceptable conditionally nod acceptable
acceptable (step 2H)
IV | ot sccepiabie candstiomally not acoepiable
acceptable (step 2B)

v

Static posture and high
frequency movements
(> 2 / minute),
awkward and extreme
positions of all upper
extremity segments
and joints

not acceptable

* It is recommended to strive for working postures with the upper arms hanging down.

Figure 6.




Finnish Ergonomics Society

C.-H. Nygard
Tampere School of Public Health, University of Tampere, PO Box 607, 33101
Tampere, Finland

The Finnish Ergonomics Society (FES) was founded in 1985.
Among the founders there were not only active ergonomists, but
also institutions including the Finnish Institute of Occupational
Health and the Center for Occupational Safety. The current
number of members is around 230. The main objective of the
FES is to promote the application of current knowledge of
ergonomics in the design of safe and convenient, as well as
productive and efficient human work systems. This includes
improving machines and tools as well as work methods and the
work environment. It is the adoption of work to man and of each
man to his job. Participatory ergonomics is one of the most
powerful processes currently used in Finland for improvements
in work and environment — both in research and developments.
The possibilities of ergonomics are widely admitted for the aging

work force and the promotion of work ability. FES has the
following main principals in the activities of the society:

o to place a special emphasis on the application of ergonomics
in operation of both occupational health and safety specialists
for the improvement of working conditions and
environment;

o to advise on netted collaboration in providing information,
training and education in the field of Ergonomics;

o to publish a newsletter for members and to hold a World-
Wide Web homepage to guarantee the maintenance of the
ergonomics information network;

e to support a national CREE committee for certifying
European Ergonomists;

o to participate in preparing ergonomic standards;

e to organize an annual national meeting and, every 4 years, a
Nordic conference on ergonomics;

e to cooperate in organizing with universities postdoctoral
courses and congresses; and

o to work, in cooperation with other organizations, to create
a basis for long-term development in education and research
in ergonomics in the Baltic states (especially Estonia).

67



68

Fundamental Concepts of
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This article examines the concepts underlying the study of Human
Factors Ergonomics (HFE), with particular emphasis on what
makes HFE a distinctive discipline.

1. INTRODUCTION

Although the discipline has existed only since the end of World
War 11, its underlying concepts derive in part from its predecessor,
psychology and in part from philosophical principles that go back
to the early 19th century and even earlier. These concepts have
developed a special meaning because of their application to
technology, but it is important for HFE professionals to recognize
that they are part of a much older scientific tradition.

2. HFE AS A DISTINCTIVE DISCIPLINE

All scientific disciplines have one critical factor, the need to know.
The subject-matter of that knowledge determines the nature of the
discipline. Physics examines the structure of the atom; biology, the
nature of the cell; psychology describes how the human functions.
HFE, which developed out of psychology, also seeks to discover the
nature of human processes, but in a very special context: the
technology the human creates to control the external world.

Many HFE professionals think that because of the close
relationship between HFE and psychology, HFE is merely a
specialized branch of psychology. Others, including the author
of this section, feel that HFE is a distinctive discipline, despite its
earlier and continuing ties to psychology. HFE represents humans
in interaction with systems in the world around them. One finds
little or no concern for such systems in psychology.

Some may feel that it makes little difference what one calls
one’s work. Labels do, however, make a difference, particularly if
a theoretical viewpoint and a methodology are associated with
the labels. If one thinks in the idiom of another discipline like
psychology, the resultant concepts, and especially the way in
which research is performed, will be those of that other discipline
(Meister 1999). Although all comparisons are invidious, it is
necessary to establish HFE distinctiveness simply to define the
scope of its work. As an illustration, HFE is not interested
primarily in physiological processes, although this is one of the
factors affecting the human’s interaction with technology. It is
only when these physiological processes affect the way in which
the human manipulates technology, that HFE examines those
processes. The same is true for all other disciplines with which
HFE has relationships.

The ties with psychology, physiology, safety, etc. still persist,
just as psychology’ ties with physics, chemistry and biology also
persist, since the human is also and forever a physical, chemical
and biological entity. But if one considers psychology an
independent discipline, so is HFE. HFE professionals must always
be aware that they are creating new knowledge. If they lack this
awareness, they will create a knowledge that, whatever its other
qualities, is essentially irrelevant to HFE.

3. HUMAN-TECHNOLOGY RELATIONSHIP

The underlying assumption of HFE is that there is a special
relationship between technology and the human. It is impossible
to conceive of technology without a human to design and exercise
that technology. There is an inherent dynamic within the
relationship. If one thinks of that relationship as an equation,
behavioral inadequacies will reduce technological efficiency, and
technological inadequacies produced by poor design will reduce
the effectiveness of human performance. The human dominates
the relationship, because technology occurs only when some
human molds that technology into a form compatible with human
requirements. Technological inadequacies are also produced by
behavioral inadequacies. For example, a lack of technician
awareness, a conceptual error, caused the Chernobyl nuclear
catastrophe.

The proceeding is admittedly an extreme example, but human
performance inadequacies occur constantly in situations that
fortunately do not lead to catastrophes. Technology can also
damage humans severely; a well-known example is muscular
trauma which afflicts thousands.

If poor design can cause inadequate human and system
performance, then it is logical to assume that more adequate
design will produce more effective human and system
performance. This is the rationale for HFE; if one did not believe
this, it is unlikely that there would be an HFE at all.

4. STIMULUS-ORGANISM RESPONSE (S-0-R)
PARADIGM

S-O-R, which was derived from psychology, is a fundamental
paradigm. It describes the human as a reactive animal, who
perceives stimuli, events and phenomena, assesses these in terms
of actions required, and responds appropriately (presumably so,
or the human animal would probably have disappeared in earlier
ages).

From a more immediate standpoint, however, the significance
of S-O-Ris that to understand and deal with complex phenomena,
it is necessary to decompose these into S-O-R elements. Phenomena
may be too complex to deal with as they first appear, but
decomposition into more molecular elements permits a more
meaningful response. The decomposition of X into S-O-R is the
first and most important expression of HFE analysis.

This is of course reductionism and one sees it most
emphatically in HFE design and in the various behavioral analyses
that aid that design. At the same time, this reductionism is
balanced by a building-up (composition) process, which in design
takes molecular elements like individual software instructions
and builds them into a complex computer system. Composition
also allows us to understand the relationship between these
elements and the whole.

5. SYSTEM CONCEPT

The system concept, which derives from principles developed
by Hegel, the 19th-century philosopher, and even more antique
philosophers upon which he built (van Gigch 1974) serves as a
principle underlying the development and understanding of
human-machine systems. The essence of a system is organization;
a system is created when formerly independent entities are
organized in relation to each other. Inherent in the notion of



Fundamental Concepts of Human Factors

system is a purpose that in technological terms is transformed
into the concept of goal; it is the goal that organizes the
combination and interrelationships of functions and tasks to
achieve that goal. The goal is, however, essentially an abstraction;,
it can exert its influence only by being itself transformed by the
behavioral specialist into the mission that makes functions and
tasks dynamic. It is obvious that we have here a series of
conceptual transformations: from purpose to goal to mission to
functions and tasks.

Inherent in the system concept is a hierarchy of complexity.
The development of components into modules like a circuit board
and from a combination of circuits to the individual equipment,
and from the combination of individual equipments to subsystems
and then full scale systems — all of these involve an increase of
complexity. All systems, physical, chemical, biological,
psychological, manifest varying degrees of complexity. In physical
terms the number of components interacting with each other
defines complexity. In behavioral terms complexity is
conceptualized in information processing dimensions: as the
number of changing system states that are displayed to the human
as stimuli. Our knowledge of complexity is unfortunately slight,
because the topic has not been studied to any extent, but we
hypothesize that it is responsible both directly and indirectly for
adverse performance effects such as difficulty, workload or stress.
Since these conditions are deleterious to the human and to system
performance, HFE works to reduce or compensate for complexity.

The system concept has a number of very practical
consequences:

1. All behavioral analyses begin with an examination of the goal/
mission and decomposition of the functional elements linked
by the mission. The same is true of measurement; the
performance of system elements and their interrelationships
must always be related to the overall system goal.

2. The system concept has also meant the necessity of
considering in system design all the elements that may affect
goal accomplishment. If a possible system performance-
shaping element can even be conceptualized, its possible effect
on the goal/mission must be considered, even if, after that
consideration, the element or factor is rejected as being
unimportant.

3. The concept that human-machine systems are built up
progressively from elemental to more complex structures
means that different attributes must be considered at different
levels of complexity. For example, with greater complexity
the designer will be able to consider attributes like
transparency (the display of internal system operations to
assist in failure diagnosis) and flexibility (the availability of
different modes of exercising the system under different
conditions).

4. Because, in a Gestalt sense, the system is more than the sum
of its patrts, it is possible that at some level of complexity a
degree of uncertainty enters the system, unknown to and
uncontrolled by system developers. Because the design
process involves transformations (to be discussed below), any
transformation involves a certain degree of uncertainty,
because the designer must cross domain boundaries. At
sufficiently high levels of complexity this uncertainty may
create what has been called “emergents,” which are system
properties that were not anticipated and which in

consequence may have unexpected and potentially negative
effects on system functioning.

5. Complex systems and equipments exert control on their
human operators because of the way in which the devices
have been designed; the operator cannot make a device do
what it was not designed to do. Extremely large ergonomic
systems like an automobile factory require that its personnel
perform in specific designated ways designed to permit
accomplishment of the system goal. Human—machine systems
are built into organizations which control these systems; the
study of these organizations and how they affect subordinate
system units is a speciality within HFE which is called macro-
ergonomics (Hendrick 1997). In a nutshell, larger systems
control smaller systems, into which these smaller systems
are embedded. System developers may not think that what
they are constructing have these organizational effects, but
those who have studied this aspect of system functioning
report that this control aspect does have significant effects
on the performance of individual workers and their
equipments.

6. TRANSFORMATIONS

HFE has a continuing problem that might be considered to be
the essence of the discipline. This is the necessity to transcend
domain boundaries when one attempts to transform principles
and data (the behavioral part of the human—technology equation)
into human—machine systems (the physical domain). HFE is not
alone in being involved with such transformations: an example
from biochemistry is the transformation of chemical changes at
the synapse into electrical neural impulses. Transformations are
a critical function of system design when a behavioral function
(for example, to start an engine) is transformed by design into a
switch for turning that engine on.

Would that all such transformations were that simple! As
system complexity increases, the transformation process becomes
more uncertain because the purpose of the transformation may
be only partially achieved. Suppose that one has to monitor a
complex process control system that is influenced by seven
variables, each of which interacts with and may affect every other.
The designer, in a more traditional mode, might provide the
monitor with 7 discrete gauges; which would require the monitor
to estimate the effect of variations in any single variable on each
of the other six variables — a daunting cognitive problem. In a
more advanced design the designer might provide a single
multivariate display in which the computer controlling the process
would present the interactive effects of the individual variables
in terms of changes in a single display. Even so, the behavioral
(cognitive) transformation process is significantly more complex
than turning on an engine or monitoring a single display, because
it requires the monitor to develop a mental concept based on
what the display presents; this may be difficult and the way in
which the information contained in the display has been packaged
may determine how well the monitor can interpret that
information. The display designer must not only conceptualize
how to transform the information into a display, but also to
imagine how the monitor will interpret that display.

What we see in the example above is the emergence not of a
new element, but one which in the earlier days of behavioristic
psychology was largely ignored — the mind (the modern term
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for mind is something like cognitive ergonomics). Initial
behavioristic concepts attempted to deal with the mind as a sort
of “black box” which was covert and non-observable
(observability was a, if not the, criterion of behaviorism). Objective
stimuli and responses could be observed and measured, and since
those stimuli and responses could only be received and
transmitted through the agency of the black box, the box could
be defined by those stimuli and responses.

This behavioristic orientation was perhaps acceptable until
modern technology (i.e. the computer) forced HFE to attend to
the black box directly, not by deduction. That is because the
observable operations of the computer speak primarily to the
mind. From the operator’s standpoint the computer is little more
than a display presenting information and the information
displayed requires cognitive functions. Because proceduralized
control of step by step operations have been taken over by the
computer, only the mind is left as a controlling factor.

7. HFE FUNCTIONS

The primary functions of HFE are (1) to study, explain and predict
human performance in the operational environment (OE); and
(2) to assist in the development of SEP, which will be compatible
with human needs and desires.

The ultimate referent for HFE is the OE, which is where
workers perform their technological tasks under routine (i.e. non-
laboratory) conditions. Because the OE presents difficulties in
controlling phenomena, most HFE studies are conducted in the
laboratory (Meister 1989, 1999). The laboratory is the antithesis
of the OE, since it abstracts and simplifies that factors influencing
the performance being studied (the only exception to this is if
the experimenter has a sophisticated simulator that permits the
researcher to reproduce OE conditions). Because in most cases
laboratory conditions vary widely from those of the OE, it is
necessary to validate experimental findings. Unfortunately, very
little in HFE is validated in the OE.

Prediction is an inherent function of a science and so it is
necessary for HFE to make predictions (preferably in quantitative
form) of the kinds of performance one would expect to find in
the OE. Such prediction would not only validate laboratory
findings, if predictions from those findings were found to be

correct, it would extend some degree of control (because of the
knowledge gained) over operational system performance.
Prediction of laboratory findings to OE situations has almost never
been tried in HFE, although there is a speciality called “human
reliability” which has been studied, although not under the aegis
of HFE. Some HFE experimentalists would say that by developing
a hypothesis prior to the research and then conducting the study
to determine the accuracy of the hypothesis, this is a form of
prediction. However, since the OE is the ultimate referent for
HFE findings, prediction must describe OE performance or the
prediction is essentially irrelevant.

If the prediction function is almost never performed in HFE,
the second HFE function of assisting in the development of
human-machine systems is flourishing. This function is the one
that distinguishes HFE from all other behavioral disciplines,
although, in working within an engineering framework, HFE can
also be viewed as a quasi-engineering discipline.

Inadequacies in the study of HFE (the first function) hamper
the effectiveness with which the second function can be
accomplished. HFE professionals need to take an expanded view
of HFE into the 21st century, if the discipline is to achieve its
many potentialities. That expanded view must include a greater
recognition of the role of concepts and theory in performing HFE
functions.

It is of course possible to perform daily HFE tasks without
tying them to fundamental concepts, but one cannot go much
beyond these quotidian tasks without some awareness of the
concepts involved in them.
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The Gesellschaft fur Arbeitswissenschaft (GfA) is the Human
Factors and Ergonomics Society for the German-speaking area.
Predominantly it covers members from Germany, Austria and
Switzerland, but single members come from other European
countries. The GfA was founded in 1953. The roots of ergonomics
in Germany can be seen in the Max-Planck-Institute of
Occupational Physiology, founded in Berlin in 1912 and
transferred later to Dortmund where now is the office of GfA.

The GfA represents a broad range of research and application
of ergonomics in occupational health and safety, product design,
work and organization design, as well as in organization
development and labor policy. The target groups of GfA are all
“ergonomically acting or interested people.” On the one hand, it
can be those taking on ergonomic tasks in practice, such as
analysis, evaluation and design of work; on the other hand, it can
also be those involved in the design of products and processes.
Finally, all those who take responsibility for the realization (e.g.
managers) have to be included.

Which principles and activities has the GfA? The specific task
of the GfA is in the promotion of scientific and professional
interests of Ergonomics/Human Factors. The GfA sees itself
especially as an active forum for the dialogue between science
and practice and all interested social groups.

The GfA develops and guarantees professional standards not
only by participating in standardization or as a German partner
for the certification as an Euro-Ergonomist, but also by assessment
procedures for journal and congress contributions. As far as
possible and as required, it represents the interests of its members
in the professional field.

The fundamental principles in achieving this goals are:

o The (working) society is subject to continuous change, which
requires an appropriate development of Ergonomics/Human
Factors. In that case goal conflicts and tensions will occur
and be accepted as normal.

e Ergonomic research and design is always aware of the
uniqueness of a human being.

e Ergonomic-acting aims at a prevented design of work,
technique and organization, which is oriented towards
human and economic criteria.

e Ergonomic solutions are subject to a concept, which is useful
to all stakeholders (e.g. employees, management,
shareholders, society).

e The persons concerned by analysis, evaluation and design
will be — wherever possible — involved in these processes.

e Ergonomics/Human Factors also deals with analysis,

evaluation and design of non-gainful employments (f. e.
housework, voluntary work, community work, etc.)

The GfA is responsible to its members and it feels obliged to
the social goal and it makes contributions — wherever possible
— to the maintenance, creation and (where appropriate)
distribution of human, economically and environmentally
compatible work.

The GfA wants to contribute to the dissemination of these
contents not only among its members, but also for as many people
as possible. The GfA supports the transfer of ergonomic
knowledge by the organization of congresses, workshops and
publications.

Twice a year, in the Spring (March) and Fall (September), the
GfA organizes conferences for members and other participants.
For example, the topic of the 44th Spring Conference 1998 was
“Communication and Cooperation;” that for the 45th Spring
Conference was “Systems to manage Work Protection — Chance
or Risk?” Usually, ~300 participants visit the conferences where
they can follow ~100 presentations. Additionally, workshops and
tutorials are offered. The Fall conferences are more closed in their
issues. The presentations characterize only one area of interests.
For example, the Fall Conferences of the mentioned years dealt
with “Man—Machine Interfaces” and “Future of Labour in Europe:
Management of Company Changes.” The Fall Conferences have
differing numbers of visitors from ~100 to 400 participants.

The Zeitschrift fur Arbeitswissenschaft is the scientific journal
of the GfA. It has four issues per year. There is also a GfA
Newsletter sent to the members of the GfA twice a year.
Additionally, the GfA is represented with a web-site: www.gfa-
online.de

1. HOW DOES THE GFA WORK?

Who can become a member of the GfA? As mentioned, those
persons who are interested in Ergonomics can get the
membership of the GfA. About 50% work at universities and
similar educational institutions. About 25% work in enterprise.
The rest covers retired members. In 1999 the GfA had 685
members.

Important decisions can be done only by the General
Assembly of the members which takes part once a year during
the annual Spring Conference. An Executive Board with eight
members leads the society. Management of the daily tasks is done
by the GfA-Office with a Secretary and the elected Secretary-
General. The President, the two Vice-Presidents and the other
members of the Executive Board are elected for 2 years. They
can stay for 6 years on the Board, but the President has to change
every 2 years.

Technical groups work in different fields. At the moment just
two exist: “Management of Innovative Working Time Systems”
and “Future of the Working Society.” Besides these working
groups, there is a substructure that includes the “Lecturers in
Ergonomics,” which covers the leading staff from the technical
institutes and universities that discuss all the topics for training
in ergonomics. There are no regional structures among the
members of GfA.
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1. INTRODUCTION

The Hellenic Ergonomics Society (HES) was founded in July 1988
and became a federated member of IEA in August 1994. It is the
association of Greek ergonomists and is located in Athens.
According to the society’s bylaws, its goal is the development,
promotion and propagation of the science of ergonomics through
the cooperation, exchange of knowledge, methods and experience
between ergonomists as well as other scientists whose fields of
specialty include the research and understanding of the
participation of the human factor to the design, production and
use of machines, displays and production systems.

The membership policy of HES is strict regarding the
qualifications of its members so that it maintains a scientific
society with members that are both highly qualified and
active in the field of ergonomics. According to the society’s
bylaws, full membership can be attained by any person of
Greek nationality who holds a university degree in a field
related to ergonomics or has at least 3 years experience in
ergonomics.

The HES has 33 active full members. The majority (60%) is
engineers; the rest are work physiologists, occupational physicians
and other scientists. Among them three are academicians, four
hold a PhD in Ergonomics, two hold a PhD in Work Physiology
and the rest either hold a Masters degree or have taken a
postgraduate course in Ergonomics. Four members are qualified
European Ergonomists. The main domains of interest and work
activities of the HES members are Human—Computer Interaction,
Cognitive Ergonomics, Occupational Health and Safety,
Ergonomics for the Disabled, Products and Workplaces Design,
and Work Organization.

2. MILESTONES

Some important activities of HES throughout its 10-year existence
are:

e A 2-year postgraduate training course in Ergonomics funded
by the European Commission (1989-91). The course was
jointly organized with the Greek Productivity Center. Two
European Ergonomics Institutes collaborated in the course:
the HUSAT Institute of Loughborough University, UK, and
the IAO institute of Germany. Fifteen trainees holding a
university degree in disciplines related to ergonomics
(engineers, physicians, psychologists, etc.) graduated from
this course.

e The society’s participation in the European Year for
Occupational Health and Safety (1992). A brochure
explaining the role of ergonomics in the prevention of
occupational accidents and diseases, as well as in the
enhancement of productivity, has been published.

e Organization of two seminars on human-computer
interaction and environmental factors (1993).

e Participation in the TE 59 “Health & Safety” Technical
Committee of the Greek Standardization Organization
providing consultation in ergonomics issues.

e Organization of the 1st National Ergonomics Conference
entitled “Applications of Ergonomics in Greece” (Athens,
November 1997). The conference was organized jointly with
the Technical Chamber in Greece, the main body of engineers
in the country (> 70 000 members). Twenty ergonomic
studies and interventions carried out in Greece were
presented, which covered four generic topics: ergonomic
evaluation and prescriptions of workplaces, software
ergonomics, ergonomic design, and ergonomics in
occupational health and safety. The conference was attended
by > 130 participants, which is a very satisfactory number
for Greece, and enjoyed wide publicity.

e Participation in the national dialogue on the arrangement of
working time and work schedules by publishing and
distributing a related article (1998).

The HES publishes a tri-monthly newsletter, “Ergonomic
Issues.” It is distributed to > 300 professionals interested in
Ergonomics.



History of Human Factors
in United States

D. Meister
1111 Willow Avenue, San Diego, California 92109, USA

Historical writings can be chronological and/or cultural and/or
intellectual. The history of a discipline has elements of all of these
(Meister 1999), but this discussion of Human Factors (HF) and
what has ultimately been termed Human Factors Ergonomics
(HFE) will, because of space limitations, be confined largely to
the chronological.

1. ANTECEDENTS TO HF

Technology, some of it quite sophisticated, goes back to ancient
times (James and Thorpe 1994), but the antecedents of modern
HFE can be traced to the pre-World War I studies in scientific
management of Taylor (1919) and the work of the Gilbreths,
which eventually led to the time and motion components of
industrial engineering (see Meister and O’Brien 1996, Moroney
1995 for a more comprehensive description of the early work).

2. WORLD WAR I

The inception of World War I stimulated, as war always does,
the development of much more sophisticated equipment. For
example, the primitive flying machines of the Bleriot type were
modernized into Spad, Neuport and Fokker fighters. The war
also saw the development of the first tanks. Because of the inability
of many men to operate these machines, particularly aircraft,
much attention was paid to the development of selection tests,
and this led in the USA to the recruitment of psychologists to
develop and administer these tests. This in turn led to the
establishments of aero-medical laboratories, which were
continued after World War I and were used as a model for the
utilization of experimental psychologists in World War I1. Because
of the need to expand the number of aviators, the Council of the
American Psychological Association established a Committee on
Psychological Problems of Aviation, which in November 1918
became a subcommittee of the National Research Council.
Twenty-three mental and physiological tests were evaluated by
trying them out on Army Aviation cadets.

3. BETWEEN THE WARS

The period between the end of World War I and the start of World
War II was largely one of gestation, and with relatively few
outstanding accomplishments. Many studies of driver behavior were
conducted because of the increasing popularity of the automobile.
The research interest in automotive themes has been maintained
to the present, with the number of papers published by the Human
Factors Society on this topic second only to the number of aviation
psychology papers. By the end of World War I two aeronautical
laboratories had been established, one at Brooks Air Force Base,
Texas, the other at Wright Field outside Dayton, Ohio.

Toward the end of the war and following the armistice in
1918 many tests were given to aviators of the Army Expeditionary
Force in Europe to determine the characteristics that differentiated

successful from unsuccessful pilots. (A similar effort was made,
with the same lack of success, following World War 1I.) Early
aeronautical work explored human and machine performance
thresholds at environmental extremes; for example, in 1935 an
altitude record of 72 000 feet was set in a balloon. Initial work
on anthropometry and its effect on aircraft design and crew
performance was begun. Link, a pioneer inventor, developed the
first simulator as an amusement device and in 1934 the Army
Air Corps purchased its first flight simulator (Dempsey 1985).

During this period also noteworthy research was performed
at the Hawthorne plant of the Western Electric Company from
1924 to 1933 to study the effects of illumination on worker
productivity. The mere knowledge that they were experimental
subjects induced all the workers to exert increased effort, a result
now known as the “Hawthorne effect.” This suggested that
motivational factors could significantly influence human
technological performance.

4. WORLD WAR II

In 1939, in anticipation of the coming war and following
traditions developed in World War I, the Army established a
Personnel Testing Section; the National Research Council created
an Emergency Committee on Psychology, whose focus was on
personnel testing and selection. This was followed in 1941 by
the creation of the Army Air Force Aviation Psychology Program
directed by John Flanagan (the creator of the “critical incident”
method).

So much was very reminiscent of World War I and, if it had
not been accompanied by other activities, would be of little
interest to HFE history. The war saw an exponential leap in sonar,
radar and high-performance aircraft; the list could go on.

Because this was total war, involving great masses of men
and women, it was no longer possible to adopt the Tayloristic
principle of selecting a few special individuals to match a pre-
existent job. The physical characteristics of the equipment now
had to be designed to take advantage of human capabilities and
to avoid the negative effects of human limitations.

An outstanding example of the kind of work that was done
is the now classic study of Fitts and Jones (1947), who studied
the most effective configuration of control knobs for use in
developing aircraft cockpits. Two points relative to this example:
the system units studied were at the component level; and the
researchers who performed the study were experimental
psychologists who adapted their laboratory techniques to applied
problems.

Early studies of signal discrimination were directed at auditory
capabilities of sonar; similar research was performed to determine
the visual capabilities needed to detect targets on radar. The aim
was to make controls and displays “easier” for operators to
perform more efficiently. In cataloging these areas of research it
is necessary to point out that they required more than “pure”
research; if equipment was developed and/or evaluated as a result
of this research, it forced psychologists to work closely with design
engineers to make practical use of the HF research. Slowly, but
ineluctably, as a result of the enforced intimacy with engineers,
applied experimental psychology (the title of the first text on the
new discipline, Chapanis et al. 1949) was transitioning to HE

Immediately after the war the military attempted to
summarize what had been learned from research performed
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during the war. The Army Air Force published 19 volumes that
not only emphasized personnel selection and testing, but also
contained studies of apparatus tests, psychological research on
pilot training, and particularly one on psychology research on
equipment design. A second significant publication on what
became HF dealt with human factors in undersea warfare.
Why did the efflorescence of what later came to be termed
HF and then HFE occur in World War II and not in the earlier
war? It was a matter of “critical mass”: US participation in World
War I lasted only a year and a half; aircraft had been developing
since 1903; the tank was put into use only in 1916. The “window
of opportunity” for HF lasted only 2 or 3 years, after which the
US fell back into its customary somnolence. However, the example
of World War I use of psychologists and the research in aero-
medical laboratories between the wars provided a pattern for
World War II. Moreover, the rise of the “Cold War” between the
West and the Soviet Union gave HF an added push. It is also
possible that the exponential march of technology — the
transistor, the jet engine, the computer, etc. — made a science
dealing with human—technology relationships necessary.

5. POST-WORLD WAR Il (THE MODERN ERA)

This covers ~20 years from 1945 to 1965. It includes the activities
of those who worked in the military in the war and the first
generation that followed them.

The beginning of the Cold War fueled a major expansion of
Department of Defense (DOD) -supported research laboratories.
The immediate post-war environment was particularly hospitable
to government-supported research. Laboratories established
during the war expanded, e.g. the University of California Division
of War Research established a laboratory in San Diego, California.
This became the US Navy Electronics Laboratory, which then
evolved into the Naval Ocean Systems Center and subsequent
incarnations. Each of the services either developed human
performance research laboratories during the war or shortly
thereafter.

Almost all HF research during and immediately following
1945 was military-sponsored. Universities were granted large
sums to conduct basic and applied research (e.g. the Laboratory
of Aviation Psychology at Ohio State University). “Think tanks,”
like the System Development Corporation in Los Angeles and
the RAND Corporation that split off from it, were established by
the military. Whereas during the war research had concentrated
on smaller equipment components like individual controls and
displays, the new studies performed by the laboratories embraced
larger equipment units, such as an entire workstation or an entire
system.

Some of the major psychologists in World War II continued
their work. Paul Fitts (considered the Founding Father of HF)
remained as chief of the Psychology Branch of the Aero Medical
Laboratory until 1949. The Air Force Personnel and Training
Research Center was built into a corporation-sized organization
employing hundreds of specialists in Texas and Colorado.

At the same time opportunities opened up in “civilian”
industry (the quotation marks mean that, although industry was
in civilian hands, it was supported and dominated by the military).
Large companies in aviation like North American, McDonnell-
Douglas, Martin Marietta, Boeing and Grumman established HF
groups as part of their engineering departments.

The introduction of HF to industry represented a major
change in HE HF was now no longer completely or primarily a
research-oriented discipline. The interaction between HF
researchers and designers that was fostered in World War 11 now
expanded to HF groups which became integral elements of the
system design team. What had formerly been the domain of those
who performed “basic” research now had to incorporate the
application of their work to the development of physical systems.
Even when a formal laboratory was not established, the
government, through agencies like the Human Engineering
Division at Wright-Patterson AFB or the Army’s Behavioral
Sciences Research Laboratory, let contracts for human
performance research that were awarded to departments of
psychology and industrial engineering in universities up and
down the country.

To bid on these contracts private companies were formed,
like the American Institute for Research under the directorship
of John Flanagan who had headed the Army Aviation program;
these employed numbers of HF professionals.

All these activities expanded the number of HFE professionals
from a very small cadre during the war to at least 5000
professionals (at present), almost all of whom have advanced
degrees (MA/MS and PhD). The discipline drew into itself not
only psychologists, but also those with training in industrial and
other forms of engineering, those with a physiological or safety
background, etc. The connection with engineering that had only
been vaguely foreseen in the war was now firm and exerted its
own pressures on the discipline.

6. POST-MODERNISM (1965 TO PRESENT)

The post-modern period has seen a maturation of the discipline.
The Human Factors Society, which was established in Tulsa,
Oklahoma, in 1957 with a membership of 60 now has ~5000
members. The number of universities offering graduate programs
in what has become HFE has increased significantly. Technology
has shunted the discipline in new directions. The development
of the computer and the tremendous expansion of computer
applications to technology have created a new specialty field for
HFE. Empirical HF research in software did not become
significant until after 1970, when the personal computer (PC)
was developed. Use of the PC by the general public brought with
it behavioral problems that stimulated a great deal of research in
the development particularly of graphics. Because this was
directed at information processing and cognitive capabilities,
another new field has recently arisen, cognitive ergonomics, with
considerable emphasis on highly sophisticated multivariate
displays. The effect of increasing automatization on system
performance also received attention, particularly in the field of
aviation (the “glass cockpit”) with its integrated computerized
graphic displays. Organizational psychology has received a new
breath of life in the form of macro-ergonomics. Along with this,
a traditionally system-oriented HFE has now recognized to some
extent the importance of industrialized ergonomics

7. OTHER COUNTRIES

Although much HFE activity developed under American auspices,
there were corresponding developments in other countries. HF
in the UK proceeded in a manner parallel to that of the USA but
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on a much smaller scale. A great deal of cross-fertilization between
US and UK ergonomics occurred.

In Western Europe emphasis was very largely on what is called
in the US “industrial ergonomics (IE),” which has tended to
concentrate more of its attention on worker satisfaction, muscular
trauma, biomechanics, etc., topics that have a closer tie with
macro-ergonomics that with the more traditional HFE interests
in system development. The system development interest is
gradually being melded with IE, as exemplified perhaps by the
fact that the Human Factors Society (the primary society in US
representing HF professionals) changed its name in 1993 to The
Human Factors and Ergonomics Society.

The Western orientation to HFE (represented largely by US
and UK publications) has influenced HFE activity in Canada and
South America, Japan and Australia, as well as Western Europe.
HFE in the former Soviet Union took a somewhat idiosyncratic
course. The antecedents of modern Russian HFE go back to the
late 19th century and to Pavlov, Anokhin and Bernshtein (who
are unfortunately not well known outside their native country).
The Russian revolution had a devastating effect on Soviet
psychologists who were considered by the government to have
“bourgeois” and anti-Marxian tendencies. As a result, in the late
1930s laboratories devoted to psychological work were closed
and many of their practitioners were exiled or killed. Not until
Stalin’s death was there a gradual recrudescence, and presently
there is a small cadre (perhaps 300?) of HFE professionals
functioning. Unfortunately information on what they are doing
is not readily available.

American and European publications were allowed to enter
Russia, but, to protect Russians against ideological accusations,
the Western terminology of the concepts was often changed,
although the basic outlines of the concepts remained much the
same. There are, however, discernible differences in the Russian
orientation, which are described in Meister (1999).

8. SUMMARY

One cannot review the past without anticipating the future. Old
problems still remain: precisely what is HFE? What is it supposed
to do? Many great challenges face HFE in the 21st century, e.g.
the need to develop methods of predicting technological human
performance quantitatively; the need to develop acceptable HFE
theory and usable human performance models. All of these give
HFE professionals much opportunity for further growth.
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1. INTRODUCTION

A modern large electrical power plant, powered by nuclear energy,
fossil fuels hydro, etc., is a complex human-machine system that
controls a thermodynamic process used to produce electrical
power. The machine side of the system is a sophisticated
arrangement of hardware and software components that are highly
reliable, redundant and have a high degree of interconnectedness.
The human side of the human-machine system is really a large
socio-technological organization with management, engineering,
maintenance, operations, and training personnel. Operations
personnel interact with the plant through a wide variety of
interfaces included in the main control room and various remote
monitoring and control stations. Their actions are supported by
plant operating procedures and a variety of human-system
interfaces (HSI) such as alarm systems, information display
systems, controls, diagnostic aids, and communication systems.
The safety of such a complex system is supported by extensive
analysis of failure modes and mechanisms, engineered features
to handle process disturbances, and preplanned human responses
to analyzed failures.

While a nuclear power plant (NPP) may be one of the most
complex engineered systems, Human Factors/Ergonomics
involvement in the design, operation, and maintenance of them
was slow to develop and has, at times, been difficult to sustain.
In this chapter we will review some of the major events that have
shaped the development of human factors in the power industry
and some of the individuals that are responsible for its
accomplishments. While our main focus is on NPP in the USA,
we also address developments in some other countries and in
non-nuclear electrical power systems.

2. THE EARLY YEARS, 1950-80

2.1. United States of America

In the USA the field of Human Factors Engineering had become
quite well established as a technology and a bridge between
behavioral science and engineering by the US Department of
Defense (DoD) and its large civilian contractors in the late 1950s
and 1960s. However, very little attention was paid to Human
Factors (HF) in power systems. There was little or no staff in HF
at the US Atomic Energy Commission, predecessor of the US
Nuclear Regulatory Commission (NRC), or at the major power
plant design firms. Large companies such as General Electric and
Westinghouse had human factors staff in many of their military
and space divisions but no specialists in their commercial power
groups. Nuclear plants that were designed before 1975 were not

designed using HF analytical techniques or design standards.
Rather, the industry used the same engineering methods that
had been developed over the past 50 years in designing hydro
and fossil fuel power plants. Interviews with 20 control board
designers from a mix of nuclear steam suppliers and architect
and engineering firms showed almost no knowledge of human
factors/ergonomics and little use of human factors data or
methodology in control room design (Parsons et al. 1978,
Seminara and Parsons 1980).

In 1972 the US Atomic Energy Commission, which later
became the US NRC, asserted that insufficient attention was being
given to control room design and staffing and operator training
and procedures. Alan Swain (1975), at Sandia Labs, identified
human factors deficiencies in the design of the engineered safety
panels at the Zion nuclear power plant. In 1976, the newly formed
Electric Power Research Institute (EPRI) — the research arm of
the electric power industry — contracted with Lockheed Missiles
and Space Co. to review five typical control rooms. The study
performed by Seminara et al. (1976) and Parsons et al. (1977)
discussed the lack of HF principles and showed > 100
photographs of deviations from HF standards and potential areas
which could lead to human errors and accidents. When an
informal oral presentation of this study was presented to the NRC
in Washington, DC, one of the comments was that the NRC
considered Human Factors somewhat of a “black art” and was
only interested in the back of the control room panels. Another
review of 18 control rooms by Finlayson et al. (1977) at the
Aerospace Corp. was equally negative.

As we have witnessed in numerous situations in various
contexts over the years, it often takes a major accident to get the
attention of management and the engineering community
regarding the lack of good Human Factors Engineering. Such an
event occurred on 28 March 1979 at the Three Mile Island Nuclear
Plant #2 (TMI-2) in Pennsylvania. Accident investigations
disclosed that this catastrophe was due to a variety of factors:
inadequate training, a control room poorly designed for people,
questionable emergency operating procedures, and inadequate
provisions for the monitoring of the basic parameters of plant
functioning. The event was a turning point for the nuclear power
industry because it emphasized the central importance of human
factors to safe plant operation. The President’s Commission on
the Accident at Three-Mile Island (Kemeny 1979) stated that:
“There are many examples in our report that indicate the lack of
attention to the human factor in nuclear safety. The control room,
through which the operation of the TMI plant is carried out, is
lacking in many ways. The control panel is huge, with hundreds
of alarms, and there are some key indicators placed in locations
where the operators cannot see them. There is little evidence of
the impact of modern information technology within the control
room ... it is seriously deficient under accident conditions.”

HF in nuclear safety was suddenly discovered and Joseph
Seminara served as a member of the Rogovan Investigating
Committee, Stuart Parsons was subpoenaed to testify before the
White House Committee on Nuclear Safety, and the NRC
contracted with John Snider at the University of Tennessee to
assemble a cadre of noted Human Factors specialists (John
Hungerford, Stuart Parsons, Earl Wiener, and Chris Wickens),
to come to Bethesda, MD, and give all of the NRC managers,
engineers and scientists a 1 week crash course in this technology.
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In November 1979 the Institute of Electrical and Electronics
Engineers (IEEE) devoted an entire issue of their journal,
Spectrum, to Three Mile Island and provided a large section to
human factors and safety using many of the EPRI/Lockheed
pictures of control room design problems. The IEEE held their
first meeting on Human Factors and Power Plants at Myrtle Beach,
SC, in 1979. The industry was finally starting to appreciate that
power systems were socio-technical and that technology, people,
organizations and regulations interacted with one another in ways
that had not previously been understood. Soon after TMI-2, the
NRC contracted with the Human Factors Society, to conduct a
study of the industry to determine the extent of the problem.
The “blue ribbon committee” consisted of Charles Hopkins,
Chairman, Richard Hornick, Robert Mackie, Harold (Smoke)
Price, Harry Snyder, Robert Smillie and Robert Sugarman. The
conclusions of the study were similar to the Lockheed and
Aerospace investigations and reaffirmed the lack of human factors
in the design of control room controls and displays. Hopkins
famous quote was picked up by the press throughout the country,
“This disregard for human factors in the control rooms was
appalling. In some cases the distribution of displays and controls
seemed almost haphazard. It was as if someone had taken a box
of dials and switches, turned his back, thrown the whole thing at
the board and attached things wherever they landed. For instance,
sometimes 10 to 15 feet separated controls from the displays
that had to be monitored while the controls were being operated.
Also, sometimes no displays were provided to present critical
information to the operators. There were many instances where

Figure 1.

information was displayed in a manner that was not usable by
the operators, or else was misleading to them. A textbook example
of what can go wrong in a man-machine system when people
have not been taken into account” (Machine Design 1981). Figure
1 is an example of operators adding arrows to the board to indicate
the relationship between two related controls after repeated errors
had occurred. Figure 2 is a typical control room of that era where
no human engineering principles had been applied to the layout.

Some professional human factors specialists did join industrial
firms designing nuclear power plants during the late 1970s. Lewis
Hanes, later the president of the Human Factors Society, joined
Westinghouse’s R&D Center in 1973 and soon hired John O’Brien
who later headed EPRI's human factors group. Len Pugh was at
General Electric in San Jose and helped to lay out Nuclenet, an
advanced highly computerized control room. Michael Danchak
was at Combustion Engineering in Windsor, Connecticut and
was performing human factors research studies on display colors
and other variables.

2.2. United Kingdom

Towards the end of the 1950s the Central Electricity Generating
Board (CEGB) became aware of ergonomics and they
commissioned Dunlap and Associates in the USA to undertake a
pilot survey of human factors aspects of control rooms. The
resultant report convinced the CEGB that ergonomics should be
taken seriously, and as they were then designing the control room
for the Trawsfynydd Nuclear Power Plant, they immediately asked
Ron Easterby to act as an ergonomics advisor on the design of

Operators adding arrows to indicate the relationship of controls
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Figure 2.

Typical hardwired nuclear power plant control boards in 1980.

this control room. Easterby ensured that the control room
complied with the limited ergonomics guidance that was then
available and proposed some modifications to specific interfaces,
including a novel mimic display of the control rods.

The resulting control room was acclaimed a success by the
CEGB and Reg Sell was appointed as their in-house ergonomist
to assist with the design of the control room for the Wylfa Nuclear
Power Plant. However, shortly after this appointment, a significant
blackout occurred in the south of England, which was attributed
to a human error and Sell was diverted to improving the displays
for grid control tasks. Thus, much of the design for Wylfa was
undertaken by the manufacturer’s own ergonomist, Peter Craft.

The design engineers at the CEGB learned much about
ergonomics from their experiences on these programs, so that
when Sell left the CEGB, it was decided that Reg Pope, an engineer
with no formal training in ergonomics or psychology, should head
up the ergonomics group. Despite his lack of an ergonomics
background, Pope had a good understanding of the operators’
requirements and became a powerful advocate of good basic
ergonomics throughout the CEGB. This was sufficient while
generically similar control rooms were being designed, but by
1979 the CEGB had decided to submit a proposal for a new
pressurized water reactor (PWR) to built at Sizewell. This
prompted renewed interest in ergonomics by the CEGB and the
Nuclear Installations Inspectorate (NII), which was further
reinforced as the impact of ergonomics deficiencies on the TMI-
2 incident became appreciated. The NII responded to these
changed circumstances by asking Lisanne Bainbridge and Neville

Moray to act as their advisors. Meanwhile the Ergonomics
Development Unit at Aston University, under the stewardship of
David Whitfield, began to build up expertise in this area, with a
variety of projects on both nuclear and non-nuclear power plants,
for the CEGB and the NII. Perhaps the most notable of these
early studies was a comprehensive review of human reliability
by David Embrey.

Interest was also being shown in ergonomics on the nuclear
fuel reprocessing side. During the early 1980s some limited
ergonomics had been undertaken, but by 1987 the tempo was
increased significantly as the design work on the massive Thermal
Oxide Reprocessing Plant (THORP) began in earnest. Barry
Kirwan developed a comprehensive integrated program of task
analysis and human reliability analysis to support the design of
the computer-based control and display facilities for the plant.
This program was to continue for over 5 years, with ergonomists
such as Michael Carey, Johanne Penington, Julie Reid and Sue
Whalley making major contributions.

2.3. The Soviet Union

The first implementations of human factors principles in the
power industry in the Soviet Union were performed by K. M.
Gurevich in the 1950s. He investigated Mosenergo’s (Moscow
Power Co.) operators’ behavior during emergencies. The first
serious attempts in ergonomic designing of control rooms were
done in the Central Institute of Complex Automatics (Moscow)
by E. P. Stephany and staff. Later this process was influenced by
the Institute of Technical Esthetics (V. M. Munipov and
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collaborators), and in the Institute of Psychology, USSR Academy
of Sciences (V. E Lomov and colleagues). Rare attempts to
ergonomically influence nuclear power plant designs were made
in the Institute of Nuclear Energy. Ergonomics existed mainly as
a theoretical science. There were many interesting ideas and
sophisticated investigations at the research labs, but they were
rarely converted into practical systems. There were no technical
standards for control room designs. Engineers applied general
construction norms to the design of power plants. Western
projects and common sense were the main guidelines. The first
simulators were put into operations independently by Mosenergo
and the various nuclear plants. There were numerous meetings
on psychology and ergonomics on power plant safety. Strong
recommendations were made by many outstanding scientists to
Soviet Ministry officials, but these were almost always ignored.

3. THE 1980S

3.1. US Nuclear Regulatory Commission
Although the US AEC/NRC had funded research on human factors
and human reliability as early as 1972, there was no long-range
program and no human factors staff until 1980. In 1981 Dan
Jones and other human factors professionals were hired in the
Division of Human Factors Safety. In 1983 the NRC published
its first long-range human factors research plan (NUREG-0961,
1983) aimed at:

e upgrading personnel qualifications and examinations;

e upgrading operating procedures;

o the utilization of computers;

o the impact on safety of organization and management;

e human contributions to risk and how to reduce them;

e human-machine technology changes that should be

considered; and

e HF requirements for severe accident management.

In the 10 years from 1977 to 1987, the NRC funded 125
human factors research projects, studies and related efforts.

As the result of TMI-2, the NRC issued the requirement that
operating reactor licensees and applicants for operating licenses
perform a detailed human factors design review of their control
rooms to identify and correct safety and design deficiencies.
Toward this end, NUREG 0700, Guidelines for control Room
Design Reviews, was issued in 1981. This 350+ page document
was essentially a checklist for reviewing functions, tasks,
workspace, communications, annunciator warning systems,
controls, visual displays, labels and location aids, process
computers, panel layout, and control-display integration. It was
used to perform detailed analyses of currently licensed and
pending licensed plants. The degree of compliance and amount
of retrofitting was frequently dependent upon the utility’s attitude
toward human factors, and the dedication of various NRC review
teams. Other countries, such as Taiwan and Korea, who had
purchased nuclear power plants of US design requested that the
program be extended to identifying and correcting human
engineering deficiencies in their existing plants. Another NRC
requirement involved all licensees to install a “safety parameter
display system” to aid operators in the rapid determination of
plant safety status, something they were unable to do effectively
during the accident at TMI. The display system was designed to
assist operators in detecting, interpreting and tracking process
disturbances by providing a concise display of key parameters

and giving them the ability to observe trends in real time (NRC
1981b).

This Detailed Control Room Design Review (DCDR) program
prompted research efforts to determine what might be done cost-
effectively to enhance power plant control rooms that were
expected to have a nominal 40-year life span. The Lockheed
human factors group, under contract to EPRI, paved the way in
establishing measures for enhancing existing control room panels
with surface changes such as improved labeling, functionally
demarcated groupings of related control-display elements, control
coding, and marking meter scales to reveal normal and off-normal
operating bands (EPRI November 1979). Compare before (Figure
3) and after (Figure 4) enhancement of a Steam Generator
Feedwater System Control panel. In this effort to improve an
existing panel, none of the control-display elements were moved
or replaced. The DCRDR program transformed many deficient
control rooms in this fashion.

In general, the NRC control room reviews of the 1980s
identified a large number of HFE problems and resulted in
significant improvements to the Human System Interfaces (HSI)
(Eckenrode and West 1997, van Cott 1997). Despite the success
of the reviews, there are limitations to the improvements that
can reasonably be made to an already designed and operating
plant. Many discrepancies are too difficult to correct without
completely redoing entire panels. The design review experience

Figure 3. Feedwater control panel from existing plant

(non-human engineered).
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Figure 4. Same feedwater control panel using labeling and

demarcation techniques.

made clear that it is certainly preferable to incorporate HFE into
the design process from the start.

3.2. Electric Power Research Institute

The long-standing human factors research program of EPRI has
produced a series of high quality research reports and research
products that are used widely throughout the industry. Because
the scope and direction of its HF research program is defined by
the industry, the results of the research are usually directly
transferable. Other reasons for the success of this program is the
overview and direction coming from a task force made up of
utility human factors specialists and managers, the stability of
EPRI human factors staff, and the fairly constant funding. Over
the past 25 years three professional managers have directed the
program — Randall Pack, Howard (Jack) Parris, and John O’Brien.
The EPRI research program has covered such topics as control
room design, alarm systems, computer-generated displays,
operator alertness, lighting, qualifications and training, design
for maintainability, industrial safety/radiation control, inspection
and testing, preventive maintenance, plant enhancement
techniques, simulation, labeling and coding, communications,
shift length and scheduling, and organization and management.
Some of the key technical reports are listed under EPRI in the list
of references. It can be seen that these reports include fossil fuel
plants and dispatch centers as well as nuclear plants.

3.3. Other Organizations

Soon after TMI-2, the power industry established the Institute of
Nuclear Power Operation (INPO) for the transfer of technology
from research to industry. INPO recognized that human

performance problems were the largest contributors to system
accidents and failures in power plants. Accordingly, INPO
formulated a Human Performance Enhancement System Program
(HPES) to encourage utilities to review significant events in the
light of deficiencies in training, procedures, management, self-
check techniques or user-unfriendly work environments. The US
Department of Energy national laboratories at Brookhaven, Idaho,
Livermore, Oak Ridge, Sandia, etc. hired and maintained a large
number of human factors professionals with knowledge of power
systems. These individuals conducted numerous research studies
and provided support to the DOE and the NRC.

During the 1980s some firms including Anacapa Sciences,
Essex, General Physics, Honeywell, Lockheed, MPR Associates and
Westinghouse conducted numerous studies for the USNRC, EPRI
and the utilities. Jens Rasmussen of Denmark created the skill-
rule-knowledge paradigm that aided much of the theoretical and
analytic work in the field. This work of Rasmussen has had an
important impact on the thinking that went into the design of
many products now incorporated in plants. Research by David
Woods, Erik Hollnagel and Jens Rasmussen on plant safety
information systems had a large impact on the development of
cognitive engineering. Some of the better known human factors
specialists who participated during this time and have not
previously been mentioned in this history are: Richard Badalamente,
Valerie Barnes, James Easter, Catherine Gaddy, James Geiwitz,
Connie Goddard, Douglas Harris, Robert Kinkade, Michael
Maddox, Randall Mumaw, Steven Pine, Emilie Roth, Sidney
Seidenstein, Alan Spiker, Harold van Cott and Allan Williams,

In 1988, Neville Moray and Beverly Huey edited a report
funded by the National Research Council and prepared by an
international panel on Human Factors Research and Nuclear
Safety. The report presents the panels recommendations for an
agenda of applied research on the human factors issues involved
in the safety of nuclear reactors. Two other major publications
during the 1980s are: a paper by Woods et al. in Salvendy’s (1987)
edition of the Handbook of Human Factors; and a paper by Hanes
and O’Brien (1982) in the IEEE Spectrum.

3.4. United Kingdom

The 1980s was a time of great expansion for ergonomics in the
British power industry, particularly in the nuclear area. The NII
soon increased the number of its advisors to form an advisory
group known as the Operations and Nuclear Safety Working
Group (ONSWG), which consisted of an impressive array of
ergonomists with experience of complex systems. By 1981 the
UK Atomic Energy Authority (UKAEA) had also become involved
in human factors, by appointing David Embrey and Jerry
Williams, with a remit to focus upon human reliability issues.
The Ergonomics Development Unit also remained at the forefront
of practical assessments of UK control rooms, with Les Ainsworth
undertaking a comprehensive assessment of different control
room evaluation techniques for the NII.

It is interesting to note that by the early 1980s most of the
ergonomics had moved from relatively global applications of
established ergonomics, to become predominantly task-focused.
This demonstrated that ergonomics within the British power
industry was fast maturing and becoming accepted at all levels.
Another important landmark along this road to increased maturity
was passed when the UKAEA commissioned a study of the
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ultrasonic inspection of welds, which was probably the first
demonstration within the UK that ergonomics could make
contributions outside of the control room.

In 1992 Reg Sell spearheaded a campaign for the Ergonomics
Society to take part in the Public Enquiry into whether to build a
PWR at Sizewell B. This was a momentous decision for British
Ergonomics, as it was the first time that the Society had entered
such a debate so publicly. The Society did not take a position on
the question of whether the station should be built, but argued
very forcibly that if it was to be built, ergonomics and human
factors must be taken very seriously. The Ergonomics Society’s
team was chaired by David Whitfield and also included Lisanne
Bainbridge, Fred Brigham, Keith Duncan, David Embrey, Andrew
Hale, Andrew Shepherd and Ian Umbers. Almost immediately,
the CEGB appointed Tom Singleton as their special advisor on
ergonomics issues for Sizewell B and from then on, HE/E issues
came to the forefront. Indeed the assessor at the Public Enquiry
listed some specific ergonomics issues that had to be satisfactorily
addressed before an operating license would be granted.

In early 1985 Jerry Williams took charge of the CEGB’
ergonomics program for Sizewell B. Subsequently the in-house
team was expanded and was later split into two groups. Geoff
Pendlebury headed the group that specifically examined
operational and procedural issues. This involved undertaking task
analyses of critical tasks, then walk-throughs and finally simulator
trials with most of the procedures. Pendlebury was supported in
this work by Synergy, with Les Ainsworth undertaking most of
the task analyses and walk-throughs, whilst Michael Herbert and
Ed Marshall ran the simulator trials. Ned Hickling and Denise
McCafferty were responsible for the hardware and software
interfaces, with support from several different consultants
throughout the project. The task analyses that were undertaken
for Sizewell have been described in more detail in Ainsworth
and Pendlebury (1995).

The Sizewell B project represented a major effort in British
ergonomics and most of the input was specific to particular
interfaces. However, there were two exceptions to this, which
had more widespread practical application. These were a study
of operator stress by Tom Cox and a detailed examination of
defenses against cognitive or conceptual errors by Ian Umbers
and Donald Ridley.

In 1986 and 1987 more ergonomists were appointed
elsewhere within the CEGB. At the Central Electricity Research
Laboratories in Leatherhead, Michael Herbert and Ed Marshall
were involved in several projects, including generic studies of
alarm handling and the development of some redesigned
interfaces for a coal-fired station. At the Barnwood Offices Jon
Berman and lan Umbers were mainly involved in other Sizewell
work, whilst Dave Collier and Jim Jenkinson were finishing the
design work for the Heysham Nuclear Power Plant.

The UKAEA initiated an informal working group comprising
human factors experts and other representatives from the nuclear
industry. This group was started by Ian Watson as the Human
Factors in Reliability Group (HFRG) and was soon split into a
series of specific working groups. Lisanne Bainbridge presented
a series of guidelines for human factors in process control during
one of the early meetings, which was subsequently produced as
The Short Guide to Reducing Human Error in Process Operations.
The first major project of the HFRG was to produce an expanded

form of these guidelines under the chairmanship of Peter Ball,
with major inputs from Les Ainsworth, Barry Kirwan, Andrew
Shepherd, David Visick and Jerry Williams. Subsequently, the
HFRG was extended beyond the nuclear industry, but its working
groups are still active.

By 1987 the NII had decided that ergonomics was sufficiently
important to justify an inspector specifically to deal with
ergonomics issues. Subsequently, David Whitfield was appointed
to this post. Soon ergonomics received a further boost from the
NII, when it was listed as one of the prime areas for nuclear
research. Since then, the NII has defined a series of general
ergonomics issues where it feels that further ergonomics research
isneeded. A group comprising ergonomics representatives from
the utilities and the NII then invites research proposals on specific
issues that cover these areas and subsequently awards contracts
that are funded by a levy of all the nuclear utilities. This has
resulted in a wide range of ergonomics studies that are of general,
rather than project-specific interest.

3.5. The Soviet Union

On 26 April 1986 the Chernobyl Nuclear Power Plant #4 in the
Ukraine exploded and flooded the densely populated heartland
of the Ukraine, Belarus and Western Russia with deadly radiation
— > 300 times the amount unleashed by the atomic bomb of
Hiroshima. There is still strong controversy about human error
versus design error and roles of the operators, the designers and
the scientists. However, there was no human factors engineering
in the design of the control room, and inadequate training and
procedures. Chernobyl has brought world attention to what can
happen if managers, engineers and scientists disregard the
necessity of including ergonomics in the process of designing
and operating complex technical facilities (Munipov 1998)

4. THE 1990S

4.1. Nuclear Regulatory Commission

The HSI (Human System Interface) technology being developed
for the new generation control rooms was changing rapidly and
much of the design was not finalized when submitted to the NRC
for design certification. This led to the development of an
approach to the HF/E safety evaluation of advanced nuclear plant
designs in which the review addresses the design process, as well
as final detailed design. There are compelling technical reasons
to support this approach. First, it is generally recognized that
HFE issues and problems such as those identified above emerge
throughout the design process. Second, when HF/E issues are
identified before the design is complete, solutions can be
considered in a more timely, cost-effective manner, i.e. before
design details are locked in. Third, the evaluation of final designs
is often based upon the quality of HF/E analyses conducted during
the design process, i.e. task analyses to specify control and display
requirements. It was further concluded that HF/E reviews should
include a variety of assessment techniques.

John O’Hara and colleagues in the human factors group at
Brookhaven National Laboratory (BNL) helped the NRC to
develop a top-down approach to the conduct of HFE evaluation
so that the significance of individual review topics could be seen
in relationship to the high-level goal of plant safety. Top-down
refers to a review approach starting at the “top” with high-level
plant mission goals that are broken down into the functions
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necessary to achieve the mission goals. Functions are allocated
to human and system resources and are broken down into tasks.
Operator tasks are analyzed for the purpose of specifying the
alarms, information, and controls that will be required to allow
the operator to accomplish assigned functions. Tasks are arranged
into meaningful jobs assigned to individual operators and the
HSIis designed to best support job task performance. The detailed
design (controls and displays, graphical user interface software,
maintainability, procedures and training) is the “bottom” of the
top-down process. The HF/E safety evaluation should be broad
based and include such HF/E aspects of normal and emergency
operations, test, and maintenance.

The result of this effort was the HFE Program Review Model
which is usually referred to as NUREG 0711 (O’Hara et al. 1994).
The HFE Program Review Model (PRM) was developed as a basis
for performing design certification HFE reviews that include
design process evaluations as well as review of the final design.
The PRM consists of ten component elements: HFE program
planning, operating experience review, functional requirements
analysis and allocation, task analysis, staffing analysis, human
reliability analysis, HSI design, procedure development, training
program development, and verification and validation. Each
review element was divided into four sections: Background,
Objective, Applicant Submittals, and Review Criteria.

The PRM was used to support several advanced reactor design
certification reviews (e.g. GE ABWR, ABB-CE System 80+, and
the Westinghouse AP600). The PRM was also used as the basic
HFE criteria for the conduct of operational readiness safety reviews
for DOE facilities (Higgins and O’Hara 1996).

The NRC research conducted at BNL also led to a significant
revision to the guidance contained in NUREG-0700 that was used
for the post-TMI control room reviews (NRC 1981a). Following
the original control room guidance development in the 1980s,
the NRC staff focused on human factors issues for which there
were uncertainties in the scientific data needed to support the
development of regulation. One such issue was the introduction
into control rooms and local control stations of advanced,
computer-based HSI technology, a technology that was not used
in TMI-era NPP. Advanced HSI designs were emerging because
of several factors including: (1) replacement of existing plant HSI
with computer-based technologies when existing hardware is no
longer supported by equipment vendors, (2) upgrading plants
with new, computer-based monitoring and control systems, and
(3) development of advanced control room concepts as part of
new reactor designs. Each of these developments had the potential
for significant implications for plant safety in that they affect the
overall role (function) of personnel in the system, the amount of
information available, the type of information available, the format
of information presentation, the ways in which personnel interact
with the system, and the requirements imparted upon personnel
to understand and supervise an increasingly complex system.
However, the guidance developed in the early 1980s, well before
these technological advances, was limited in its applicability to
new technology Accordingly, the human factors guidance needed
updating.

BNL conducted extensive research into the effects of advanced
technology on crew performance. The results were used to
develop NUREG-0700 Revision 1 (O’Hara et al. 1996). The
guidance consists of HFE guidelines, design review procedures,

a computer-based review aid called the “Design Review Guideline”
(DRG). Guidance for specific HSI topics such as graphic displays,
touch screens, expert systems and local control stations was
developed through the application of a general guidance
development process (O'Hara et al. 1995).

The NRC human factors research at BNL continues to address
safety significant HSI technologies such as the alarm systems,
advanced information systems, computer-based procedures, soft
controls, interface management (e.g. navigation using menus),
digital system maintenance, and the design and implementation
process associated with control room modernization. The results
of these ongoing programs will be used as the basis for the next
revision to NUREG-0700, thereby maintaining the document as
an up-to-date source of HFE guidance in design and development
of electrical power systems.

Currently the NRCs HF Assessment Branch performs
inspections of operating plants using professionals such as James
Bongerra, David Desaulniers, Richard Eckenrode, Clare
Goodman, and Garmon West while the HF Research Branch
manages contracted research directed by key personnel such as
J. J. Persensky and Jerry Wachtel.

4.2. Industry

Early in the 1990s, the DOE, EPRI, and the NRC provided funding
to Combustion Engineering, General Electric and Westinghouse
to develop safer and more efficient advanced nuclear power
systems. Combustion Engineering, now a division of the Swiss-
Swedish giant Asea Brown Baveri (ABB), developed their System
80+, General Electric developed the Advanced Boiling Water
Reactor, and Westinghouse Nuclear, now part of British Nuclear
Fuels, designed the AP600 System. All of these engineering groups
had human factors staffs and utilized current human factors/
ergonomics technology during design, development and NRC
certification. However, due to the low cost of fossil fuels, gas
turbine technology, NRC regulations, and public attitudes in the
USA, there have been no orders from US utilities. Combustion
Engineering, currently supported in human factors by Robert
Fuld, Darryl Harman and Donna Smith, are designing and
exporting two System 80+ plants at 1400 MWe each to Korea at
the Yanwang and Ulchen plants. General Electric, using the
human factors talents of Richard Gutierrez, and the Technatom
of Spain in engineering analysis and design, and Stuart Parsons,
Joseph Seminara and Linda Taylor as the independent review
team, support the Advanced Boiling Water Reactor design project
which is building the two Lungmen plants for Taiwan Power Co.
The human factors independent review team for Stone and
Webster, the Architect and Engineering firm for this project, is
contracted to Synergy in the UK with Les Ainsworth, Ned Hickling
and Ed Marshall providing technical support.

4.3. Electric Power Research Institute

At EPRI, one major program in the 1990s, managed by Joseph
Yasutake, was a joint 5-year program with the Japanese for
developing an array of intervention products for improving
performance of nuclear power plant maintenance workers. The
final summary report by Hanes, Parsons and Taylor describes
these interventions (EPRI 1994). Madeleine Gross now manages
the human factors long-range strategic program. The tactical
program is directed toward better integrating human factors into
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the total EPRI engineering effort. The key topics include:
identifying key indicators, root causes, and selection of corrective
actions; improving procedures, maintenance proficiency and
training; and putting the key HF documents on the web for ease
of use by utility personnel.

4.4. Professional Organizations

The Institute of Electrical and Electronic Engineers (IEEE) has
continued to hold conferences every 3—4 years on Human Factors
and Power Plants which have been attended by international
experts from utilities, universities, regulation agencies, and
researcher organizations. These conferences have played an
important role in worldwide information transfer. In 1992, the
International Ergonomics Association (IEA) established a Power
Systems Technical Group and has been active in information
exchange and promoting symposia at the IEA triennial congresses.

4.5. Human Reliability Analysis (HRA)

The topics of risk probabilities, human error, and human
reliability analysis (HRA) have been studied in relation to nuclear
power plants for the past 25 years by Allan Swain, Neville Moray,
John Senders, Jens Rasmussen, Harold Blackman and others.
However, this has been a controversial area focusing on: (1) the
quantification of human reliability; (2) the lack of hard data for
human reliability; and (3) the idea that human reliability debases
humans to the level of mechanical system components. Although
quantitative HRA data is currently used in plant probabilistic
risk analyses, there is no universal agreement on the methods
used to develop these data. Blackman and Byers (1998) has
recently proposed a six-point program for solving this
controversial problem.

4.6. Canada

In Canada the application of a structured methodology for HF/E
to the design of CANDU (Canadian Deuterium Uranium) power
reactor control rooms, whether for new designs or retrofit projects,
has been increasing steadily over the past 10 years. At the present
time, new designs and major retrofits have HFE applied in a
structured fashion consistent with technical guidance provided
in standards such as IEEE 1023 (Guidance for the Application of
HFE to Systems, Equipment and Facilities of Nuclear Power
Generating Stations). The Canadian planning document, the
HFEPP (Human Factors Engineering Program Plan) as described
by Beattie and Malcolm (1991) is the main mechanism for
incorporating HFE activities in the overall systems design process,
and has been used successfully on many projects, e.g. the
Darlington Plant near Toronto and the new control room for the
CANDU 600 plant under construction in China.

4.7. France

Research and engineering in energy systems including human
factors technology has been very active in France. Electricite de
France (EdF) is one of the worlds most active designers and
marketers of nuclear plants. The French plants have been
designed in an evolutionary fashion with one generation of plant
design following its predecessor with specific design
improvements. The most recent design, the N4, is one of the
most advanced designs in operation. The N4 control room
underwent extensive testing and evaluation. It is a computer-

based control room with seated workstations for operating
crewmembers and a large panel display providing high-level status
information, important plant parameters, and alarms. With N4%
operating in Civaux and Choose, EdF is designing the next
generation of reactor.

While EdF has been conducting research and development
activities related to plant design and operation, other organizations
in the French nuclear industry have been conducting research
and investigations into many aspects of nuclear safety and
operations. For example, the Nuclear Protection and Safety
Institute (NPSI) is a research and consultation organization for
the Directorate of Safety and Nuclear Regulation. Their mission
is to conduct research and provide evaluations in all aspects
related to the control of nuclear risk. These activities include
plant safety, protection of people and the environment,
management of accidents and nuclear materials transportation.
The evaluation activities involve incident investigations as well
as reviewing and evaluating information submitted by plant
operators for various stages of licensing. These evaluations serve
as a technical basis for decisions made by the French regulatory
authority.

4.8. Japan
The lessons of TMI and Chernobyl were not lost on the power
industry in Japan. A consortium of government and industry
initiated a program for human factors research and development.
The government side was headed by the Ministry of International
Trade and Industries (MITI) and utilized several organizations:
the Nuclear Power Engineering Test Center (NUPEC) Institute
for Human Factors (focus on basic research), The Japan Power
Engineering and Inspection Corporation (focus on reliability
improvements), and the Nuclear Power Operation Management
Aid System Development Association (focus on man—-machine
systems). The industry side was made up of several organizations
including the Central Research Institute of Electric Power Industry
— Human Factors Research Center (focus on applied research),
the Federation of Electric Power Companies (focus on human
reliability, safety, and control room research), individual electric
power companies such as Tokyo Electric Power Company and
Japan Atomic Power Company (focus on operation support
systems, abnormality diagnostic systems, and reliability), and
manufacturers such Mitsubishi. The program is quite
comprehensive and includes, for example:

e survey of the current status of HF research;

e human performance and cognitive modeling;

o team performance and performance measurement;

e human reliability research;

o function allocation and automation;

eadvanced HSI technology development (including the

operation support system — an advanced decision-aiding
technology);

e maintenance support system; and

e human factors database development.

Control room development has been influenced by national
efforts in Japan to develop advanced HSI technology and operator
support systems. These efforts are the result of joint government
and industry programs. Unlike control room developments in
the USA, the evolution of HSI technology has been gradual.

The conventional (post-TMI) control room (CR) is referred
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to as a first generation CR. It is basically a hardwired CR with
individual indicators and switches arranged on large-sized panels
(typical of many US CR). These control room included a number
of post-TMI improvements designed to reduce human error.
Control room modifications were assisted by a NUREG-0700-
type analyses (many supported by human factors practitioners
from US companies such as Essex Corp.). Improvements included
color coding of alarm tiles, set point markers, shape coding,
system organization of switches and indicators, mimic lines, and
the use of CRT for trend monitoring. Work began on the second
generation control room in the early 1980s and reflected design
objectives to minimize the operators’ working area (seated
operations), enhance real-time CRT display functions so that plant
status can be more easily understood, to reduce operator error
during surveillance tests, and to reduce operator workload by
utilizing computer controls and computerized operation guides.
The “third generation” control rooms featured fully computerized
operations, e.g. Toshiba’s Advanced Boiling Water Reactor control
room called the Advanced Plant Operation by Display Information
and Automation (A-PODIA). Current research is being devoted
to applying artificial intelligence information processing and
operator support for the next generation control room.

4.9. Norway

Although Norway is a non-nuclear country, the premier human
factors power systems laboratory in the world is located in Halden.
This international joint research effort called the OECD Halden
Reactor Project began back in 1958, and was in the beginning
focusing on human—machine interaction (HMI). It was decided
that all process information should be provided by means of CRT
and displayed using process mimics, and where status information
used mixed alphanumeric and graphics formats which included
mimic diagrams, bar graphs, and trend diagrams. It was also
realized that color was a necessary part of the information
presentation.

This early work, led to the establishment of the simulator
based Halden human-machine laboratory in 1983, which has
been the focal point for this area of research and development in
Halden. The nucleus in the laboratory has since 1983 been a
full-scope pressurized water reactor based upon the Loviisa
nuclear power plant in Finland. Today the laboratory is the object
for a major upgrading which at the end of 1999 will include four
simulators. The existing one, a new pressurized water reactor
based on the Fessenheim nuclear power plant in France, a new
boiling water reactor based on Forsmark unit 3 in Sweden, and
finally a simulator based on the Oseberg petroleum production
platform in the North Sea. The experimental facility consists of a
cockpit control room for operators and supervisor using CRT,
large screens, keyboards and trackballs for interaction. In addition,
the laboratory includes an experimenter’s gallery from where
studies are run and controlled, and where all data collection
equipment are supervised. Data collection includes equipment
such as computer logging, video cameras, wireless microphones,
audio and video mixing, eye movement tracking, etc.

The aim of the human-machine interaction research at the
Halden Project is to provide knowledge which can be used by
the funding organizations to enhance safety and efficiency in the
operation of nuclear power plants by utilizing research about the
capabilities and limitations of the human operator in a control

room environment. A main premise of this research program
element is that as systems evolve and new, more advanced
technologies supplant older ones, greater automation of operator
functions becomes possible, thereby changing the types of
demands which the system will place upon the operator and the
potential role which the operator serves in the control room.
Understanding the impact of new technology on the role and
performance of operating personnel is crucial in decision making
for the safety of nuclear power plants.

Today the Halden Project is funded by twenty different
countries world wide, and interacts with more than one hundred
organizations coming from a variety of areas, including regulatory
authorities, vendors, utilities and research organizations.
Numerous research projects are being conducted in the area of
human factors, for not only the nuclear industry, but also for all
kinds of process industry applications. The human factors staff
consists of eighteen professionals.

4.10. South Korea

In the late 1990s a small team was set up in South Korea to
develop the human-machine interfaces for a new design of Korean
reactors. This team under the direction of Yeong-Cheol Shin,
developed a comprehensive plan for task analyses to support
this design work. At the time of writing, Joongnam Kim and
others have started this program.

4.11. UK
During 1992 and 1993 the Sizewell program was wound down
(and the THORP project was also coming to a close). There were
no immediate plans for further nuclear stations and so the power
industry, which had by now been privatized into smaller
companies cut down its ergonomics staff, so that only Nuclear
Electric and Magnox retained any ergonomists, with small teams
headed by Ian Umbers and Ray Hughes respectively. The focus
also changed — from design to assessment — and stations that
had been built with little or no ergonomics inputs, were subjected
to rigorous ergonomics assessments as part of the process of
extending the operational life of some of the earlier stations.
Another concern lay in assessing the adequacy of new systems to
provide a further source of emergency cooling at some of the
older stations, and which involved many local-to-plant tasks. All
of these assessments were based upon task analyses of selected
tasks, and whilst they were mainly control room-based, they also
included many manual tasks undertaken on plant. As many of
these assessments were being made to support Safety Cases, many
of them also involved some form of human reliability assessment.
The stations themselves undertook some of these studies, but
consultants from Synergy and Vectra also provided much support.
As the millennium drew to its close, Jerry Williams and Craig
Reiersen, now both at the NII, started to broaden their interest
further from the traditional control issues. Thus, the utilities were
forced to provide evidence that human factors had also been
adequately considered in a variety of tasks. Typical of these were
studies of refueling by Les Ainsworth and of maintenance by
Jane Mechan. The NII also sought assurances that personnel
downsizing, which up to then had been undertaken with little
coordinated planning, could be achieved without jeopardizing
safety. To date, one station, Chapelcross has grasped this nettle
and with support from Synergy, has attempted to use task analysis
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to assess and plan the impact of downsizing proposals upon
operational performance.

Away from the nuclear industry, ergonomics in other areas of
the power industry was more limited. Les Ainsworth and Michael
Herbert undertook two studies of grid control facilities, while
Ed Marshall and Michael Herbert developed some guidelines for
gas turbine plants and also assessed the proposed computer-based
interface for some gas turbine plants.

4.12. International Atomic Energy Agency
(IAEA)

The TAEA, with headquarters in Vienna, Austria, has been
increasingly examining the role of human factors in plant safety.
While human factors has long been identified as a key technology
for nuclear safety, the IAEA has more recently focused on
programs designed to provide human factors support to countries
operating nuclear plants. From a macro-ergonomic perspective,
the TAEA has provided support on the role of organizational factors
to the safe operation of nuclear plants and the importance of a
safety culture. From a micro-ergonomic perspective, the IAEA
has been providing information on the human factors aspects of
control room modernization. For a variety of reasons, many NPP
have been upgrading their plants with digital technology. One
reason for this trend is to achieve performance improvements.
In other cases, old analog systems become difficult to maintain
and are replaced with newer systems. The IAEA has held and is
continuing to hold numerous workshops and meetings on digital
upgrades initially focusing on software and hardware issues. One
factor that frequently emerged as important to the successful
implementation of a digital upgrade program is human factors.
The human factors issues ranged from understanding the effects
of advanced technology (such as computerized operator support
systems) on human performance to issues related to operator
acceptance and training. Some of the reports resulting from these
efforts are IAEA (1991-95).

5. INTO THE NEW MILLENNIUM

As noted above, accidents, events and operating experience has
demonstrated the importance of “defense in depth” and the role
that human factors plays in it. Defense in depth includes the use
of multiple barriers to prevent the release of radioactive materials
and uses a variety of programs to ensure the integrity of barriers
and related systems (IAEA 1988). These programs include, among
others, conservative design, quality assurance, administrative
controls, safety reviews, personnel qualification and training, test
and maintenance, safety culture, and human factors. TAEA
established “Human Factors” as an underlying technical principle
that is essential to the successful application of safety technology
for NPP. The principle states: “Personnel engaged in activities
bearing on nuclear power plant safety are trained and qualified
to perform their duties. The possibility of human error in nuclear
power plant operation is taken into account by facilitating correct
decisions by operators and inhibiting wrong decisions, and by
providing means for detecting and correcting or compensating
for error” (p. 19). Thus, human factors/ergonomics (HF/E)
technology is now internationally recognized as essential to the
safe design, operation and maintenance of not only NPP but also
other large electrical power plants. Through the 20th century,
HEF/E has become integral to the design and operation of the

control room. As we look toward the turn of the century, we see
the extension of HF/E to even broader applications. Some of these
applications have already begun, but should receive increased
attention in the 21st century:

o Understanding and assessing the influence of organizational
factors on safety.

e Focus on individual and crew performance assessment and
on the management of unplanned and unanticipated events.

o Further application of advanced technology in the control
room:

e staffing reductions;

e performance improvements.

o Extension of successful HSI technologies and programs to
HSI out in the plant (outside the control room).

e Improvement of maintenance design and operations.

e Improving data collection and testing methods, including
HRA, event reporting, and V&V.

e Understanding and assessing the influence of deregulation
on safety.

e Understanding and assessing the influence of license
extension on productivity and safety.

eUnderstanding and assessing the HFE aspects of
decommissioning.

o Greater application of HFE to non-nuclear plants operations
and maintenance.

While there is every expectation the HF/E considerations will
strongly influence the power industry’s future; we cannot afford
to be complacent. Some serious problems to be faced and
overcome are:

e There is a tendency to focus intensely on HF/E when a
catastrophe or near-disaster occurs. We should find ways to
sustain interest and effort in this discipline between
newsworthy accidents.

o Some members of power industry management tend to regard
the necessity for HF/E in terms of a temporary “magic bullet”
to be applied primarily when a serious problem surfaces rather
than developing systematic programs for addressing such
concerns in terms of constant preventive measures.

e As regulatory pressures to consider HF/E subside usually
due to budget cuts, utilities and government agencies tend
to divert resources to other “squeaking wheels.”

While many important inroads have been made in the nuclear
power industry, there has been only a modest HF/E impact on
the design and operation of fossil, hydro, solar, etc. electrical
plants. There have been cases where the nuclear division of a
given utility was spending enormous resources to enhance
operational control rooms from a HF/E standpoint while the fossil
division of the same utility was in the process of designing new
control rooms with all the usual HF/E deficiencies.

There is a lack of standardization in the methodology and
application of HF/E analytical procedures (i.e. functional
requirements, function allocations, task analysis, and human
reliability analysis) used during the design and development
phase. A guidebook with specific examples needs to be developed.

Some people consider nuclear power, particularly in the USA,
to be a dying industry making it difficult to recruit and train
resources and top talent to be applied in this area of HF/E
endeavor.
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1. HISTORY

The Gesellschaft fur Arbeitswissenschaft (GfA), the ergonomics
association of the German-speaking area was founded in 1953.
It provided a cover organization for several outstanding research
personalities and practical experts from Germany, Austria, and
the German-speaking regions of Switzerland, who before were
scattered over various scientific associations. The time of recon-
struction after World War II in Germany and Austria and the
structural change in industry in all Western countries focused
the attention increasingly upon human capital as a productive
factor.

However, more than 50 years earlier, numerous scientists in
the fields of medicine, psychology, production engineering,
pedagogy, and later sociology had considered the issue of workers
and their performance in industry. Fechner deserves mention for
providing the first serious experimental evidence of the connec-
tion between stimulus and sensation and the threshold term in his
main work Elemente der Psychophysik in 1860; besides that he pub-
lished several methodological studies. The first Institute of
Experimental Psychology was founded by the physiologist Wundt
in Leipzig in 1879. The reorientation from pure basic research
towards application-oriented research was achieved by Stern, who
coined the term “psychotechnics” in 1903, adopted by Munsterberg
in his book Psychotechnology, published a decade later.

In addition, a series of associations and organizations such
as the Verband fiir Arbeisstudien (REFA), an association on work
studies, and the Rationalisierungskuratorium der Deutschen
Wirtschaft (RKW), a curatory for rationalization in German in-
dustry, contributed considerably to the development of work
science in the German-speaking area. REFA succeeded in
distributing ergonomic knowledge over the entire range of
industry with its books on time and motion study, industrial
engineering, and later the six-volume works on methods of work
study. Individual education and research units already existed at
the universities before GfA was founded. However, these institu-
tions were integrated into a wide range of different faculties and
maintained relatively little contact among each other.

From today’s point of view, the Max-Planck-Institute of
Industrial Physiology, founded in Berlin in 1912 and transferred
to Dortmund later on, has to be considered as the most impor-
tant unit for ergonomic research in Germany. It undertook a great
deal of application-oriented research on the issues of energy trans-
mission in the body during muscular work, blood circulation
control, sense physiology, environmental physiology, industrial
psychology, much of it under the auspices of Lehmann (from
1927), Muller (from 1930), Graf (from 1929) and Schmidtke
(from 1956). In addition, there existed institutions on work
science in forestry with Hilf and work science in agriculture with

Preuschen. For practical work in industry REFA proved to be an
important conveyor of ergonomic knowledge, since with Brames-
feld it was directed by an outstanding personality who was able
to integrate the current knowledge of a large variety of research
fields and apply it to the advantage of both workforce and indus-
try.

Perhaps it is no surprise that all these activities in research
and industry paved the way towards the foundation of an inde-
pendent scientific association providing a roof for a variety of
different fields. In 1953 the impetus was given by Kellner
(Munich), who was then a leading official in the Bavarian Ministry
of Labour and Social Affairs. The foundation assembly was held
in Nuremberg on 16 October 1953. In contrast to already exist-
ing organizations, the foundation assembly put an emphasis on
the promotion of research. However, particular strength and
institutional power was to be given to the cooperation between
industrial physiology, industrial psychology, work pedagogy, tech-
nology of work, and industrial sociology. The members agreed
on the title Gesellschaft fiir Arbeitswissenschaftliche Forschung
(Association of Ergonomic Research). The choice of the word
ergonomic was intended to put special emphasis on the intention
of a coordination between the individual research fields.

At the first general assembly in March 1954, some 44
specialists were able to participate. By 1998 the number of regu-
lar members had increased to 680. Theoretically there should be
a much larger membership. However, several personalities in
research and industry working in close connection with ergo-
nomics are members of competing scientific organizations, such
as the German Association of Industrial Medicine, the German
Association of Psychology, the Professional Association of
Psychologists, the German Association of Aerospace Medicine,
the Association of German Engineers, and the German Associa-
tion of Aerospace Engineering. It has to be considered a success
that several outstanding personalities from these scientific
organizations have been won over to GfA during the last 50 years.
This can also be traced back to the fact that, following the tradi-
tion of the first scientific congress in 1954, a spring congress had
been held every year. In 1958 the name Gesellschaft fur
arbeitswissenschaftliche Forschung was changed to Gesellschaft
fur Arbeitswissenschaft (Association of Ergonomics); this was to
give a better reflection of its objectives, which cover basic research
as well as the transfer of ideas into industry.

Scientific congresses aim at presenting new research results.
But they seldom provide a suitable forum to discuss research
concepts or methodological questions. In order to create a plat-
form for these issues while giving younger members of research
institutes a chance to discuss their unfinished work, an autumn
conference has been held every year since 1954. This idea was
initiated by Preuschen, who has hosted them in Bad Kreuznach
for more than 15 years. As a rule, their scientific concept has
been based on the current problems discussed in the fields of
economic, labour market, and social policies. Here are some
examples:

e higher age at work and office

e women at work

e problems linked to working hours

e young people in the work environment

e reduced performance and preretirement disablement
e definition and evaluation of work performance



History of the Gessellschaft fiir Arbeitswissenschaft (GfA)

e work performance and work environment

e contributions of ergonomics to automation

e application of ergonomic knowledge

e ergonomic aspects in office work

e work organization and motivation

e demand and strain

® systems ergonomics

e communication and cooperation

¢ management systems for occupational safety
In Germany the congresses have been held almost exclusively in
various university cities, in Austria they are held in Vienna, and
in Switzerland they are held in Zurich.

During its early years, GfA met with relatively little public
interest in the German-speaking area. However, the industry
associations and trade unions were interested in the research
results in the fields of fatigue and recovery, impact of noise, climate
or mechanical fluctuations on performance and health, and
methodology of work and time studies. Research results from
the wide field of equipment design, design of workplaces, and
design of work environments did not attract much attention at
that time. Nevertheless, there were ergonomic germ cells in the
iron and steel industry, mining, and several producing enterprises.
However, their tasks mainly involved work organization, wage
definition, and staff selection.

By making it obligatory to follow established ergonomic
knowledge in the concept and design of human work, a series of
laws and state regulations have led to an increased public aware-
ness of ergonomics from 1972 onwards. GfA profited from this
development. On the one hand, the research results presented
during the annual congresses have found a much wider audi-
ence; and on the other hand, they have stimulated discussion on
the ideas and objectives of ergonomics.

In 1946, soon after the end of World War I, several leading
personalities released the first ergonomic publication, Zentralblatt
fur Arbeitswissenschaft und soziale Betriebspraxis; their backgrounds
were industrial physiology, industrial psychology, work pedagogy,
industrial sociology, industrial technology, work organization, and
worker protection. The quarterly Zeitschrift fiir Arbeitswissenschaft
was founded in 1975 as an organ of GfA. It remains GfAs central
publication and is produced alongside REFAs Arbeitsgestaltung,
Betriebsorganisation und Unternehmensentwicklung. This editorial
connection reflects the close relationship between GfA and REFA,
the largest technical and scientific association in Germany.

In 1990 GfA created a medal for outstanding scientific
achievement, and so far it has been awarded to the members
Friedrich Furstenberg, Walter Rohmert, Heinz Schmidtke, and
Eberhard Ulich. Due to their special contributions to ergonomics,
the members Hugo Hilf, Herbert Scholz, Gerhardt Preuschen,
and Heinz Schmidtke were appointed as honorary members of
the association. The Fritz-Giese-Preis donated in memory of Fritz
Giese, one of the early pioneers of ergonomics, has so far been
awarded to the members Heinrich Dupuis and Klaus Zink. And
for several years now, awards have been given to young scientists
who produce the best spring congress papers and posters.

The Gesellschaft fur Arbeitswissenschaft is a founding
member of the International Ergonomics Association.

2. MISSION

In 1998/99 GfA critically and intensively examined its mission
and how it reacts to changes in basic conditions. Here is a sum-
mary of the discussions among its members. The Gesellschaft
fur Arbeitswissenschaft eV (registered society) wants to achieve
a relevant contribution to the design of living and working con-
ditions by promoting interdisciplinary and holistic research and
design concepts. The analysis, evaluation, and design of human
work as well as the design of products, services, systems, and
environments suitable for human beings, all require a knowledge
of different scientific and practice-oriented disciplines. Some of
these disciplines are work organization and occupational
psychology, occupational medicine, work physiology, industrial
sociology, labor policy, vocational education and engineering
sciences, economics, and jurisprudence.

GfA integrates this knowledge with a scientific basis. That
means the uniqueness of ergonomics and human factors, hence
the uniqueness of GfA itself, results from linking individual dis-
ciplines (work-related sciences) to achieve a holistic view. In this
context holistic not only means the integration of individual
disciplines, but also the compatibility of different goals, taking
into account human and economic objectives of particular
importance.

Work is considered human if it is suitable for people and can
be done in a human way and is meant to have neither a negative
effect on physical and psychological health nor a lasting and dis-
turbing effect on human well-being. It should correspond to needs
and qualifications and enable an individual and/or collective in-
fluence on work. Finally, it is necessary to pursue the develop-
ment of personality by work according to the realization of
potential and the promotion of competences. When assessing
economic efficiency, one has to consider that solutions might be
“efficient” at the level of an individual organization, but might
turn out to be inefficient at an economic or social level. All these
assessment levels should therefore be taken into account.

The specific task of GfA is the promotion of scientific and
professional interests of ergonomics and human factors. For that
reason, GfA fosters contact with those who are interested in
ergonomics within the German-speaking area as well as at an
international level. GfA sees itself especially as an active forum
for the dialog between science and practice and all interested
social groups. It develops and guarantees professional standards
(e.g., by participating in standardization or as the German partner
for certification as a Euro-Ergonomist, but also by assessment
procedures for journal and congress contributions). As far as
possible and as far as required, it represents the interests of its
members in the professional field.

Here are its fundamental principles of realization:

e The (working) society is subject to continuous change, which
requires an appropriate development of ergonomics and
human factors. In that case goal conflicts and tensions will
occur and be accepted as normal.

e Ergonomic research and design are always aware of the
uniqueness of a human being.

e Ergonomic action aims at a design of work, technique, and
organization which is oriented towards human and economic
criteria.

e Ergonomic solutions are subject to a concept which is useful
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to all stakeholders (e.g., employees, management, sharehold-
ers, society).

e Wherever possible, the persons affected by analysis, evalua-
tion, and design will be involved in these processes.

e Ergonomics and human factors also deal with analysis, eval-
uation, and design of nongainful employment (housework,
voluntary work, community work, etc.).

o GfA and its members feel obliged to the social goal and,
wherever possible, they make contributions to the mainte-
nance, creation, and (appropriate) distribution of human
work that is economically and environmentally compatible.

GfAs target group is all “ergonomically acting or interested people.”
One group contains those who take on ergonomic tasks in
practice, such as analysis, evaluation, and design of work; another
group contains those involved in the design of products and proc-
esses. Finally, there are those who take responsibility for the real-
ization (e.g., managers). Ergonomic knowledge will be acquired
and disseminated by universities, high schools, and application-
oriented research institutes; then completed and realized by the
ergonomists within the organization.

Even associations, government institutions, and self-help
organizations have employees working in the field of ergonomics
and human factors. The target group of the GfA is accordingly
broad. Here are the central points:

e occupational safety and health protection

e product design

e work and organization design

e organization development and labor policy
Starting from the fact that every person will be confronted with
various forms of work in the course of his or her life and will
have to deal with the results of work (according to products and
services) every day, the broad spectrum of ergonomic topics will
then become clear. GfA wants to help spread these ideas among
its members and as many other people as possible.

This means GfA must integrate ergonomic knowledge into
the education of all those who need these ideas either directly
(e.g., production and product design, work organization and
organization development, labor protection and work design,
personnel development, and in the significant fields of labor
policy) or indirectly (e.g., education and training, investment
planning, purchase, human resources departments, and man-
agement functions). Apart from that, ergonomic knowledge and
matters of concern should be imparted by schools of all-round
education, but particularly by vocational schools

GfA supports the transfer of ergonomic knowledge by the
organization of appropriate platforms (e.g., congresses, workshops,
publications, and clearinghouses).
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1. INTRODUCTION TO CUMULATIVE TRAUMA
DISORDERS

Cumulative trauma disorders (CTD) are injuries that develop in
the soft tissues structures of the body such as nerves, muscles,
tendons and joints due to prolonged or repeated stresses to a
particular part of the body. Such stresses may include awkward
or static postures, forceful exertions, vibration and mechanical
stresses and may be exacerbated by psychosocial or work
organizational issues. While CTD have received notable attention
in recent years due to the spiraling incidence in industry and its
subsequent impact on industry profits and individuals’ lives, CTD
are not a new entity. CTD were first described in the 1700s and
documented throughout the nineteenth and twentieth centuries
as many countries endured an “epidemic” of CTD. These
epidemics served as the catalyst to investigate the breadth and
causative factors of CTD. Interestingly, the same risk factors
proposed to influence the development of CTD in the eighteenth
century are the same risk factors that are recognized today.

This chapter will provide an overview of the occurrence of
CTD in each country that endured a significant rise of CTD. The
discussion will include the focus of investigation in each country,
the action taken and speculation as to the cause. This historical
overview will illuminate the various theories that help to shape
our perspectives of CTD today.

2. EARLY HISTORY OF CUMULATIVE TRAUMA
DISORDERS

2.1. Eighteenth-Century Occurrences

Bernardo Ramazzini, known as the father of occupational
medicine, was the first physician to chronicle the occurrence of
CTD that arose in the workplace. He observed that many of his
clients presented with symptoms apparently related to
occupational exposures. To investigate these relationships,
Ramazzini interviewed his patients about their work tasks,
observed their workplaces, and related their physical
manifestations to factors within their occupations. In doing so,
Ramazzini clearly identified associations between his patients’
use of their bodies and physical complaints.

In his De Morbis Artificum Diatribe (The Diseases of Workers;
Wright 1940) Ramazzini (1717: 15) described the respiratory,
dermatologic, musculoskeletal and emotional problems of his
patients. He opened his treatise with the following observation:

Various and manifold is the harvest of disease reaped by
certain workers from the crafts and trades that they pursue:
all the profit that they get is fatal injury to their health. That
crop germinates mostly, | think from two causes. The first
and most potent is the harmful character of the material
that they handle for these emit noxious vapors and very fine
particles inimical to human beings and induce particular
disease; the second cause | ascribe to certain violent and
irregular motions and unnatural postures of the body, by

reason of which the natural structure of the vital machine is
so impaired that serious disease gradually develop therefrom.

He continued to describe the posture of scribes and notaries
(1717: 421):

The maladies that afflict the clerks afore said arise from three
causes: First, constant sitting, secondly the incessant
movement of hand and always in the same direction, and
thirdly the strain on the mind from the effort not to disfigure
the books by errors or cause loss to their employer when
they add, subtract or do sums of arithmetic.

Finally, regarding bakers, he noted (1717: 229), “Now and again,
I have noticed bakers with swelled hands, and painful, too; in
fact, the hands of all such workers become thickened by the
constant pressure of kneading the dough.”

Ramazzini poignantly described each task or occupation with
careful attention to the potential causes and effects of long-term
exposure to toxins, stressful tasks or postures in the workplace.
As early as 1717, Ramazzini identified that “constant sitting,”
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“incessant movement of the hand,” “strain on the mind” and
“violent and irregular motions” were critical factors in
predisposing patients to the neuromuscular problems seen today.

Later, in the mid-to-late 1800s, physicians described and
designated upper extremity syndromes such as writer’s cramp,
seamstress’ cramp, scriveners palsy and telegraphists’ cramp.
These conditions were described as having both physical and
psychosocial origins; many were recognized after the advent of
technological advances (i.e. telegraphists’ cramp coincided with
the introduction of Morse code) (Melhorn 1998).

2. CUMULATIVE TRAUMA DISORDERS IN THE
TWENTIETH CENTURY

2.1. The Industrial Revolution

The next well-documented occurrences of CTD appeared in the
early 1900s during the Industrial Revolution as workers were
enticed into higher wages, in exchange for repetitive tasks,
assembly-line pacing, and overtime work. When worker’s
compensation laws upheld coverage for work-related injuries,
such as tenosynovitis, insurance companies began to record and
further investigate these injuries as related to their clients’
occupations. Physicians became the purveyors of decisions
regarding worker compensation awards and were compelled to
compile data that equated neuromuscular symptoms with work-
related activities (Conn 1931).

Evidence of cumulative trauma disorders was most apparent
in hand intensive tasks. Early practitioners found that “high speed
hand operations,” “increased intensity of effort” and “being new
to the job” predisposed workers to tenosynovitis (Conn 1931).
Attempts to identify the parameters for tolerances of human
tendons during repetitive tasks concluded that tenosynovitis
would occur in human tendons if repetitions > 30-40 per min
or 1500-2000 per h (Hammer 1934).

2.2. The Automated Office

As automation replaced manual labor, work became more efficient
and productivity requirements became higher. Workers no longer
partook in the “mini-breaks” inherent in operating traditional
manual office equipment such as retrieving a typewriter carriage,
changing paper or delivering a message. In the automated office,
“high speed typewriters” and data-entry machines replaced such
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tasks with a keystroke. Workers overloaded the small muscles of
the arms and hands instead of using a variety of positions to
accomplish the job. In essence, the automated office eliminated
any extraneous movements not directly related to the task so
that work became streamlined, routine and monotonous.
Although each task demanded high levels of concentration,
workers became disengaged from the job as a whole.

Hence, the “automated office” of the 1950s emerged as a
problematic area for the development of neuromuscular problems.
In 1960, at the Fifth Session of the International Labor
Organization Advisory Committee on Salaried Employees and
Professional Workers office personnel reported physical and
“mental fatigue” problems such as eye strain, pain and stiffness
in cervical regions, and numbness in the right hand. These
complaints prompted an organizational review with ensuing
recommendations (ILO Advisory Committee 1960). After the
1960s, many industrialized countries reported an “outbreak” of
CTD at different times during their histories.

3. OCCUPATIONAL CERVICOBRACHIAL
DISORDERS IN JAPAN

Japan reported a dramatic increase in occupational cervicobrachial
disorders between 1960 and 1980. Workers such as typists, telephone
operators and assembly-line workers reported pain in the hand and
arm that interfered significantly with abilities to perform their jobs.
These claims rose to such proportion that in 1964, the Japanese
Ministry of Labor issued guidelines for keyboard operators,
mandating that workers spend no more than 5 h per day on the
keyboard, take a 10-min rest break every hour, and perform < 40
000 keystrokes per day. Companies that implemented these measures
reported a decrease in the overall incidence of neuromuscular
disorders from 10-20 to 2-5% per industry. However, the overall
incidence of CTD continued to rise (Maeda 1977).

Japan subsequently formed the Japanese Committee on
Cervico Brachial Syndrome to define the syndrome and fully
identify contributing factors. The committee conducted a
thorough screening of individuals with neuromuscular complaints
(Maeda 1977: 200) and concluded that “how the workers use
their muscular and nervous systems at work” and “how the task
is organized into the work system as a whole” underlie most
conditions. Specifically, researchers identified static loading of
postural muscles, dynamic loading of the small arm and hand
musculature and muscular fatigue as contributing factors to these
disorders. The conditions were found to worsen with insufficient
recovery time and excessive workload.

The Japanese committee proposed the name occupational
cervicobrachial disorder (OCD) to reflect acknowledgement of
problems with both proximal and distal structures. They defined
the problem as a functional or organic disorder resulting from
mental strain and/or neuromuscular fatigue due to performing
tasks in a fixed position or with repetitive movements of the upper
extremity (Maeda et al. 1982). Maeda et al. astutely identified a
fundamental controversy that exists today; that is, whether OCD
is caused solely by factors within the workplace or whether
psychological factors such as personal anxiety or workplace stress
are the core problems that become magnified by the physical
aspect of the workplace.

4. REPETITIVE STRAIN INJURIES IN AUSTRALIA

In Australia the epidemic of repetitive strain injuries (RSI) started
in the 1970s and peaked in 1985 with up to 35% of
telecommunication workers reporting symptoms of arm pain and
muscular fatigue. The “epidemic” spread to include data
processors, process workers, bank tellers, musicians and workers
in clerical and textile industries. While repetition was initially
suggested as the causal factor medical studies could not establish
a correlation. Investigators therefore proposed that “psychological
rather than physical factors within both the work and social
environments ... contributed to the outstanding prevalence”
(Ferguson 1971: 284).

The Commonwealth Government of Australia organized a
task force on RSI to investigate the factors involved. The task
force concluded that both psychological and ergonomic factors
contributed to RSI. However, many investigators struggled with
whether RSI was a separate disease entity or a grouping of other
conditions with similar occupational underpinnings.

The predominant belief holds that the RSI epidemic was based
on psychosocial origins. Ireland (1998) chastised the Australian
medical community for insinuating that RSI is a medical rather
than psychological phenomenon and echoed Ferguson’s (1971)
and others’ beliefs that repetitive strain injury is a sociopolitical
phenomena rather than a physical entity. Ireland suggests that
RSI s a “collection of inconsistent symptoms” with no objective
clinical findings or lab findings to substantiate tissue damage.
Ireland attributes the Australian epidemic to a prosperous
economy with a waning work ethic, technological changes that
increased efficiency but led to job deskilling and job
dissatisfaction, and difficulty for older workers to adapt to these
changes. Ireland submits that the legal, healthcare, and printed
media contributed to the perception that this condition was a
physically based injury.

5. OCCUPATIONAL DISORDERS IN SWEDEN,
FINLAND AND NORWAY

Scandinavia is considered to be progressive in its laws that protect
workers from environmental and ergonomic hazards. Since World
War 1I legislation has encouraged the cooperation of labor and
management in issues regarding the work environment (Jensen
1997). The Danish Working Environment Act 1975 emphasized
that management held the responsibility for healthy and safe
working conditions and that this tenet must be fulfilled in
cooperation with employees. Norway and Sweden have
corresponding legislation. Although this legislation is in place,
these issues are not always fully supported, especially in smaller
firms (Jensen 1997).

The Scandinavian countries changed their foci in the 1980s
from problems associated with the low back to those associated
with upper extremity discomfort in response to increasing
complaints of neck and shoulder pain among blue-collar workers
(Kvarnstrom 1983). Nordic researchers performed careful studies
to identify the contributing factors to neck and arm pain and
found significant associations with the type of work being
performed (i.e. repetitive, monotonous) and demographic features
such as family situation, participation in leisure activities, having
a sick spouse, or marital status (Kvarnstrom 1983). The Nordic
Council of Ministers recognized the difficulty of comparing studies
from country to country and therefore devised the standardized
Nordic questionnaire to enhance their ability to compare and
compile information among countries.
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6. CUMULATIVE TRAUMA DISORDERS IN NORTH
AMERICA

Finally, the USA witnessed a gradual rise in CTD from 1980 to
1986 after which point the incidence of reported CTD
skyrocketed from 50 000 in 1985 to 332 000 in 1994. This sharp
increase was largely attributed to cases in the meatpacking and
equipment manufacturing industries. However, a shift to service
industry jobs coupled with media awareness has probably
contributed to the increase in reporting (Melhourn 1998).

To address the rising incidence of CTD in absence of an
ergonomic standard, the Occupational Safety and Health
Administration issued Ergonomics Program Guidelines for
Meatpacking Plants in 1990 to assist industry in developing CTD
prevention programs. The incidence of CTD began a slow descent
back to 281 100 in 1996 as businesses began to acknowledge
and manage their problems with CTD. The term “cumulative
trauma disorder” has been largely used in the USA. However, the
National Institute of Occupational Safety and Health (NIOSH)
recently proposed the term “work-related musculoskeletal
disorders” (WRMSD) to describe these disorders.

Initial investigations in CTD began in the USA with carpal
tunnel syndrome in the 1980s and have gradually expanded to
examining the incidence of other CTD in high-risk industries
such as industrial workers, dental hygienists, electricians and
video-display workers.

Research has focussed on delineating the risk factors for CTD,
both physical and psychosocial, developing methods to study
ergonomics exposures and examining dose-response
relationships. In their seminal study, Silverstein et al. (1987)
examined the relationship between force and repetition in
industrial job tasks. Researchers found that workers in high-force,
high-repetition jobs were 15 times more likely to have carpal
tunnel syndrome than workers in low-force, low-repetition jobs.
This study formed a basis for examining case definitions, methods,
and interpreting results relative to CTD exposures. To date,
practitioners agree that workers’ exposure to a higher number of
risk factors will increase the probability of developing a CTD.
However, no dose-response relationships have yet been
established (NIOSH 1997). Video display work has emerged to
be an area widely investigated relative to psychosocial, work
design and work organizational factors.

7. CHARACTERISTICS OF CUMULATIVE TRAUMA
DISORDERS

Although various names have been attributed to CTD, worldwide
investigations of these disorders collectively yield common
characteristics. Researchers agree that the following implications
that incorporate the work task, the work environment, design of
the job and psychosocial characteristics of the individual all
contribute to the development of CTD:

o The causes of CTD are multifactorial; they involve physical,
psychosocial and work organizational factors. The relative
contribution of each factor has yet to be determined.

o CTD are related to the intensity, frequency, and duration of
ergonomic exposures; the level of risk for CTD depends on
exposure to conditions and the individual capacities.

e Jobs that present multiple risk factors will have a higher
probability of causing neuromuscular problems.

e Symptoms of CTD may include distinct features such as
objective signs or non-specific symptoms such as pain. CTD
present with or without physical manifestations.

e CTD develop insidiously; they may appear after months or
years on the job.

o CTD recuperate slowly; they may require extended periods
of recovery.

¢ CTD may reduce worker productivity and cause worker
dissatisfaction (Kvarnstrom 1983, Silverstein 1987, NIOSH
1997).

The incidence, causal factors, preventive strategies and legislative
acts concerning CTD continue to be explored worldwide. The
globally collaborative efforts of researchers are making strides in
standardizing assessments and increasing the rigor applied to
studies related to CTD. These efforts will increase our
understanding and future prevention of CTD in the workplace.
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1. WHAT IS HUMAN FACTORS?

Human factors as an engineering discipline that concerns the
design of equipment in accordance with the mental and physical
characteristics of operators. Since World War 1I responsibility
for seeing that equipment designers take the characteristics of
operators and maintenance people into account in their designs
has been formalized in the position of human factors engineer,
human engineer or ergonomist (Perrow 1983). In more recent
years the rise of information or computer-based technologies has
led to a rapid increase in human—computer interface or usability
engineering. Human factors research may be interpreted more
broadly in terms of those disciplines or subdisciplines concerned
with the psychological and organizational aspects of the
development, implementation and use of technology (Clegg
1993). Narrower concerns with physical or cognitive ergonomics
and direct health and safety issues are then broadened to include
the impact of technology on the jobs of direct and indirect users,
the consequence of technology for changes in organizational struc-
ture and processes, and the processes by which technology should
be designed and implemented. Despite arguments for adopting
a broader view of human factors, survey and case study research
carried out for the National Science Foundation’s Manufacturing
Processes and Equipment Program confirmed that health and
safety and ergonomics continue to be the main human factors
concerns among US firms (Lund et al. 1993).

2. MARGINALIZATION OF HUMAN FACTORS
CONSIDERATIONS

Human factors professionals often point to a general failure ade-
quately to consider human factors in technology projects, and
commonly attribute this to a lack of awareness or interest in
human factors issues by design engineers or the lack of sophisti-
cated quantitative evidence for human factors judgements or easily
usable human factors tools and methods. While some explana-
tory power must be given to such conditions, analysts of
organizational power and politics do not regard them as the main
reason for the frequent marginalization of human factors consid-
erations. The neglect of human factors is, rather, attributed to
organizational factors, in particular the ideas and interests of
different affected groups and the distribution of power and
resources between them. Perrow (1983) points to the lack of
incentives and legitimization for human factors considerations
provided by senior management; the culture, training and
resources of design engineers; the lack of organizational authority
of human factors professionals; and the relative weakness of
operators or users of technology who are most immediately dis-
advantaged by inadequately designed technologies. Clegg (1993)
observes that broader organizational, institutional and educational
systems have evolved and operate to marginalize human and

organizational issues without the deliberate intervention of any
particular individual or group. He points in particular to the
characteristics of technology development organizations, user
firms, education and training cultures, regulatory institutions and
public funding bodies. These institutions systematically foster:
disempowering attitudes towards end users and a lack of end
user skills, knowledge and organization; technology development
processes that have goals, design criteria and control mechanisms
that foster a narrow technical orientation; technology investment
and commissioning practices that systematically undervalue
human factors; an education and training system that is biased
towards technical skills and creates two antagonistic scientific
and humanistic cultures; and a research and development profile
that under-resources and narrows the scope of human factors
research. The analysis of such influences and how to address
them leads the human factors professional into the broader area
of organizational power and politics.

3. ORGANIZATIONAL POWER AND POLITICS

Power and politics are not straightforward terms and are highly
contested. A key feature of power is, however, the capacity to
produce intended effects in line with perceived interests. It is the
ability to get things done your way, with the cooperation of others
or in the face of their opposition. Political behavior can be seen
as the practical domain of power in action, worked out through
the use of techniques of persuasion, influence, coercion or
manipulation. The roots of such political behavior lie in personal
ambition, in organization structures that create roles and depart-
ments which compete with each other, and in major decisions
which cannot be resolved by reason and logic alone but which
rely also on the values and preferences of the key actors involved.
Organizational politics is fostered by the existence of vertically
and horizontally differentiated groupings, each of which develops
its own culture, interests, procedures and practices. Typically,
individuals within these subunits, their leaders, and the groups
themselves, compete for scarce resources. They interpret organ-
izational events and choices, and attempt to bring about changes,
in line with their particular perceptions of their interests and
those of the organization.

This view of power and politics directs attention towards the
deliberate strivings of individuals and groups in situations of
conflict over human factors issues. In line with commonly
recognized prescriptions for political “stakeholder” analysis, it
has often been noted that it is not in the career interests of highly
mobile senior managers to invest heavily in enduring workable
systems, that design engineers with different career aspirations
control more of the resources and information relevant to human
factors considerations than human factors professionals them-
selves, and that users are often too busy, uninterested or restric-
tively focused on potential negative consequences for pay and
employment to participate effectively throughout the technology
development process. Underlying these more obvious political
influences are, however, the organizational and structural condi-
tions that create an institutional “mobilization of bias” against
the full consideration of human factors issues. Such a bias,
consciously or unconsciously promoted within and between
organizations, has been referred to as the “second face” or second
and third dimensions of power (Buchanan and Badham 1999).

Examples of the mobilization of bias include such issues as
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why senior managers are often moved onto other jobs by the
time that the technologies they were responsible for acquiring
are fully operational. It includes the causes and consequences of
factors such as the fact that US managers rotate more frequently
than Japanese managers, giving them less of a vested interest in
the long term health and performance of their particular areas of
responsibility. Perrow (1983) points to broader “error inducing”
or “error avoiding” cycles built into the institutional contexts
within which senior managers operate. The air transport indus-
try, for example, has an “error avoiding” cycle as performance
failures have a relatively immediate effect on profits and reputa-
tion, failures receive broad media coverage and are thoroughly
and openly investigated by a number of parties, and the causes
of failure has significant legal and insurance consequences. More-
over, users of the air transport system can go to other users quite
easily, and technological fixes are often not that complex or
expensive. In contrast, in the marine transport industry, the
international system is made up of conflicting national interests,
there are few effective regulations, economic losses are absorbed
with little notice and passed onto the final consumer, and human
losses are initially restricted to officers and crew, and production
pressures are high and competition is a comparatively under-
regulated, and the causes of accidents are difficult to determine
and impeded by national interests, weak regulatory agencies, weak
unions, and the lack of monitoring data.

The perceptions, interests and actions of design engineers
are also affected by the broader cultural and institutional settings
within which they operate. Engineers are educated in different
subdisciplines and within different national contexts, and they
work in different departmental and organizational locations with
different objectives and constraints. Manufacturing and indus-
trial engineers are often more sympathetic to technology imple-
mentation matters than design and development engineers,
Scandinavian engineers operate within a training and legislative
environment more conducive to considering human factors than
their UK counterparts, Japanese manufacturing engineers are
often noted for their greater attention to continuous improve-
ment of operating practices than US engineers, influenced by
their rotation through operational jobs, more frequent to line
management, and less interfirm job mobility.

Human factors professionals may also operate within very
different organizational conditions. In those organizations that
have more or less strong human resource management represen-
tation at senior management level, initiatives such as human
resource development or occupational health and safety strate-
gies may alter the criteria against which the work of human factors
professionals are judged. Many technology projects, for example,
are used as initiatives for cultural change in organizations com-
mitted to human resource development, and ergonomic and
health and safety considerations then become symbols of
management’s commitment to people.

Finally, the users or operators themselves differ considerably
in character and degree of skill and power. Levels vary consider-
ably in the degree of trust in employer/employee relations,
unionism, dependence of employers on employee motivation,
skill and expertise etc., all of which strongly affect the will and
skill of operators towards participation in technology develop-
ment. Airplane pilots are, for example, both highly skilled and
unionized, and able to devote considerable resources to fighting

allegations of operator error as the source of aircraft malfunc-
tioning and crashes. Representatives of user firms come into con-
flict with vendors or engineering development companies, line
managers conflict with engineering departments, and mainte-
nance people and direct operators each have their own interests
and perspectives (Salzman and Rosenthal 1994).

4. POLITICS AND THE ART OF INFLUENCE

Much of the literature on organizational politics has been influ-
enced by a negative view of politics as a black art, something to
be reduced or avoided. This interpretation has been dominant
among a number of theoretical traditions that have influenced
human factors research, such as organizational design and
development and socio-technical theory (Buchanan and Badham
1999). The predominance within human factors research of a
harder scientific or engineering approach to research and educa-
tion has tended to encourage such a view of politics as an unfor-
tunate distraction or disruption of the real scientific work of the
day. In contrast to such a view, however, has been a more posi-
tive view of organizational politics as the techniques and art of
getting things done in organizations. Positive political skills are
increasingly important when changes are being proposed that
cut across organizational boundaries and involve people in
changing their traditional patterns of behavior.

As the introduction of technology creates or requires
behavioral change, it will inevitably trigger organizational politics.
The human factors professional is inevitably part of this process.
Badham (1993) argues that human factors professionals need to
improve their understanding and skills in this area if they are to
be effective actors in technology implementation. Pettigrew (1974)
observes that “Specialists do not merely advise, they persuade,
negotiate and exercise the power they can mobilize” (p. 27). In
so doing they utilize five power sources: expertise; control over
information; political access and sensitivity; assessed stature; and
the amount and kind of groups support given to the specialist by
his colleagues in his own and related specialist groups. The human
factors professional, like other specialists, needs to establish credi-
bility if he or she is to be effective. This inevitably involves
anticipating the varying needs, expectations and reference groups
of different groups of executives and specialists involved in or
affected by a human factors project. Those specialists who work
on their own tasks, become preoccupied with the intricacies of
their own expertise, and only see clients when task issues are
involved is unlikely to be able to anticipate such needs very well.
Successtul specialists develop multiplex relationships with other
significant partners or clients in a project, and succeed in
demonstrating competence in areas salient to the other actors.
Buchanan and Badham (1999) argue that such “power skills”
should be part of the skills of all professional innovators.

5. THE POLITICS OF TECHNOLOGY

It would be a mistake to restrict the political dimension of human
factors research to a question of implementation. It also enters
the fundamentals of technological design, what is considered valid
knowledge, and criteria against which such goals as system
productivity and success are to be measured. What counts as
“manufacturing knowledge” is the product of the power rela-
tions in which it is constructed (Gillespie 1993) and technologies
are shaped by the “technological frames” (Bijker 1995) of the
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groups involved in their design and operation. As Perrow (1983:
534, 540) remarks, “The design of systems, and the equipment
that is used, is not entirely determined by technical or
engineering criteria; designers have significant choices availa-
ble to them that will foster some types of social structures and
operator behaviors rather than others. . . choices that are taken
for granted because they are a part of a largely unquestioned
social construction of reality — one that should be questioned.”
Despite such appeals, there have still been few detailed case
studies about the actual political processes involved in intro-
ducing human factors considerations into technology design
and implementation. Human factors professionals need to be
aware of the nature of such processes, the political nature of
the beliefs and interests of groups that shape technology and
affect the role of human factors, as well as the bias inherent in
their own assumptions and values.
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1. INTRODUCTION

The purpose of communication is to convey information.
Communication is a process involving two (or more) information-
processing individuals or machines. The need for effective
communication between individuals and machines is at the heart
of human—machine systems. Both words and symbols can form
the basis of a visual language through which information is
conveyed on interfaces.

The process underlying communication is best understood
when one realizes that the linguistic origin of the word is the
Latin “communis” meaning common. An essential prerequisite
of communication is a common understanding by those involved
in the communication process. Oborne (1995) points out that
the role of interface designers is to arrange a situation which
enhances the chances of the transmitter and the receiver having
a maximum common understanding.

Influential psycholinguistic theories have suggested that the
communication process is driven by the need to achieve the best
possible communication for the least possible communication
effort (Sperber and Wilson 1986). This constraint applies equally
when communication is between individuals or between human
and machine. Interfaces that use written or symbolic
communication should therefore be designed in order to make
the interpretation of information as easy as possible. Usability
considerations therefore need to focus on how meaning can best
be represented to allow effective communication via the interface.

2. REPRESENTATION OF MEANING

2.1. Similarities between Symbols and Words
Although icons appear very different from words, they share the
same historical roots. Horton (1994) points out that the use of visual
symbols is not new and, in fact, is one of the earliest forms of written
language. Simple pictorial images have been used to convey
information and tell stories in many cultures. The earliest true writing
systems were “logographic” (from the Greek “logos” meaning word)
and were based on a one-word-one-symbol principle. The alphabetic
systems now commonly used came about as visual symbols began
to represent sounds rather than words (see figure 1).

Ancient

Egyptian Moabite Ear!y.
hieroglyph  Sinai script stone Phoenician Greek Roman
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Figure 1: Evolution of the alphabet

2.2. Differences between Symbols and Words
Symbols, by their very nature, are more ambiguous than words.
When reading, words and letters act as a code which allows us to
arrive at meaning. The code is based on sound and we use our
knowledge of letter—sound rules to work out what words refer
to (e.g. “cuh-aah-tuh” for cat when we are young). Providing we
are skilled readers, the rules governing word “decoding” allow
us to access meaning for all but the most difficult and rare words.
Reading therefore provides unambiguous access to meaning in a
way that is often not possible with symbols.

When symbols are used on interfaces there are no definite
rules which allow us to decode their meaning. As a result, users
often rely on visual associations to understand them. One of the
keys to success of graphical user interfaces is the ease with which
they enable use of visual associations by capitalizing on the user’s
existing world-knowledge. Typically collections of symbols or
icons are created which represent real world objects. The user
can then employ their existing knowledge about the nature of
these objects and their interrelationships in order to understand
the interface. One of the earliest and most influential systems
using this visual metaphor was the Xerox “Star” office workstation
(Smith et al. 1982). Symbols were designed to resemble papers,
folders, filing cabinets, and mail boxes. Relationships between
these icons and their meanings were much clearer because their
functions related directly to operations performed on physical
objects found in an office. This model underpins current interface
design and provides a useful way round the problem of ambiguity.

Where the visual metaphor is used, there is usually a direct
visual relationship between symbols and their meanings (e.g.
when a picture of a house indicates returning to a home page
within a series of displays, see figure 2). In other instances the
relationship is implied rather than direct and inferences have to
be made in order to arrive at meaning (e.g. figure 2(ii) uses our
knowledge that rabbits run quickly to indicate that a system is
running a process quickly). In other instances, the relationship
is arbitrary (e.g. figure 2(iii) indicates no entry) and it is only our
familiarity with the symbol that allows us to interpret it.

2.3. Symbols versus Words

Although symbols are inherently more ambiguous than words,
the use of symbols on interfaces has mushroomed over the past
two decades. This applies, not only to computer interfaces, but
to a huge variety of other interfaces (e.g. cars, video players, and
washing machines; chemical, oil, and nuclear process control;
public information signs). At the very least, symbols are used as
an adjunct to written instructions or function labels, but on many
occasions completely replace them. Underlying this change is
the fact they make communication possible with little effort, or
prior knowledge, on the part of the user.

I —

(i) implied

(i) direct
Figure 2. Symbols with direct, implied and arbitrary

(iii) arbitrary

relationships to their meaning
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Graphical user interfaces have increasingly replaced
command-driven text-based interfaces. This is because users do
not have to rely on remembering and reproducing the correct
command but simply need to recognize, or be able to guess,
which symbol represents an appropriate function. Recall is much
more effortful than recognition and this is reflected in users’
performance. Users learning a graphical interface will make fewer
errors, require less task-solving time and express more satisfaction
than those using a text-based interface. Even where menus reduce
the effort involved, novice users show a strong and consistent
preference for symbol-based interfaces. Despite the popularity
of graphical user interfaces, it is important to remember that
written instructions still appear almost everywhere. In practice,
text and symbols or graphics are often combined on interfaces.
A number of general considerations determine the balance of
their use on the interface. These are as follows:

e Symbols offer a universal and international mode of
communication and will be used where users may not be
skilled readers or share common language (e.g. public
information signs).

e Symbols can sometimes convey information in a more
spatially condensed way. This can be particularly important
where clutter on the interface is likely to be a problem.

e Symbols and graphic displays are better when spatial
information needs to be conveyed (e.g. in cockpits).

Written information is important where ambiguity needs to
be resolved. Even where there are direct relationships between
symbols and their meaning, 20% of users will not understand
their meaning when they first encounter them so written labels
are important for ambiguity resolution. Often users may initially
scan interface symbols to find appropriate information and
thereafter will use written labels to determine whether this is in
fact the correct part of the interface.

3. DESIGN PRINCIPLES

The manner in which symbols, words, and text are displayed on
an interface will either enhance or reduce the chances of effective
communication taking place. The design principles employed
when using words or symbols will now be considered.

3.1. Words and Text

3.1.1. Legibility

The distance at which the text will typically be read will largely
determine type size. The font size should be large enough to be
easily legible since type sizes which are too small increase reading
times. Hard and fast rules are not appropriate since legibility
depends upon context of use. Warnings, for example, need to be
legible at a safe distance and placed where they will be noticed.
Legibility is increased if simple type faces are used and text consists
of a mixture of upper and lower case letters.

3.1.2. Sectioning prose

If text giving instructions uses prose, then dividing the text into
meaningful sections allows the material to be structured both
perceptually and conceptually since it informs the reader where
one set of ideas ends and another begins. Sectioning of prose can
be made more prominent by highlighting using increased display
luminance, by typographical techniques such as underlining and

emboldening, or by coloring different sections. Although the
evidence to date suggests that highlighting may have beneficial
effects on reading performance and comprehension, caution
should taken about the overuse of such techniques since they
will only create too many cues for readers and defeat the purpose
for which they were originally intended.

3.1.3. Size of display area

While dividing text into distinct areas facilitates the reader’s
conceptual understanding of the text, the size of the text area
relates to lower-level comprehension processes. Width of text
should not be too narrow since it will make visual sampling of
the text laborious and make comprehension more difficult. By
the same token, lines of text which are over long will mean that
the reader will take a long time to go back to the beginning of the
next line and this will also affect comprehension.

3.1.4. Conciseness and clarity

It is important to be as concise as possible when providing
instructions in text since users are less likely to read long sets of
instructions. When text is used as a label for icons, long labels
should be avoided because they are less likely to be meaningful
and will create unnecessary clutter on the screen. Wherever
possible use of abstract words should be avoided since their
meaning is often “fuzzy” and difficult to define. Concrete words
are clearer and more memorable.

Metrics have been used to estimate the “readability” or
difficulty of texts. On average, difficult text has a higher percentage
of longer words and sentences. This is because longer words tend
to be less frequently used and are less familiar and longer
sentences place greater processing demands on working memory
which has direct consequences for comprehensibility.

3.2. Symbols

3.2.1. Visual complexity

Symbols should be kept as simple as possible since this reduces
the overall complexity of the interface and helps make symbols
and icons legible and easy to find. If symbol complexity cannot
be avoided, increasing their size is important for legibility and
this means that fewer can be displayed on the interface. As with
text, size requirements to allow symbols to be easily seen will
depend on the users’ typical viewing distance and the quality of
the interface.

3.2.2. Organization and layout

The display should be organized in a way that is compatible with
the functionality of the system and allow the user to structure
their understanding accordingly. For example, many software
packages display clusters of symbols associated with particular
functions. Color helps to direction our attention to appropriate
parts of the displays and can be used partition displays or to
indicate functional relationships between symbols.

As users learn an interface layout, location is likely to become
an important cue for symbol search and, if symbols are organized
into sensible “conceptual” clusters this will aid both perceptual
and conceptual processing. The display should be organized in a
way that is compatible with users’ likely long-term understanding
of the system, i.e. it should be cognitively compatible with the
user to allow effective communication to take place.
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3.2.3. Shape

Typically, shape is thought to help with visual perception of a
display rather than with communicating meaning. When symbols
in a set are created so that they differ in shape, this will make
them easier to discriminate and reduce search times. Designers
can make use of shapes with conventional meanings to represent
functions.

3.2.4. Clarity

As we have already noted, the ease with which an interface might
be understood is often determined by the pictorialness of the
symbols used and the degree to which users might have access
to visual metaphors with the real world. The importance of
pictorialness decreases as users become more familiar with a
system and rely on their familiarity with the system, rather than
the visual metaphor, for understanding.

4. CONTEXT AND EXPECTATIONS

The context in which words or symbols are presented may lead
to differing interpretations of a system interface. Figure 3 shows
a simple example of how meaning can be altered by changing
the context. In (i) symbol represents a geometric shape, whereas
in (ii) it represents one level of shading. Similar effects can be
observed with text as is shown in the sentences below:

There was a tear in her jacket.
A tear rolled down his cheek.

Although the words in each sentence are identical, the
meaning is changed by the sentence context.

Context is important because it sets up expectations about
what is likely to happen next, what procedures we need to follow,
and what we can expect of a machine or system. For each contextual
situation we have a series of expectations, or “slots”, which we use
to interpret and communicate in that context. This kind of mental
structure is most often referred to as a schema (Schank and Abelson
1977). If users have access to an appropriate schema, it will be an
effective tool in reducing the amount of processing effort we need
to make in order to interpret information. Dixon (1987) measured
how long people spent reading instructions that specified drawing
simple geometric shapes which combined to make a picture. When
the picture was mentioned at the beginning of the instructions
(allowing access to a schema and a set of expectations and
procedures), then instructions were read more quickly and
drawings were more accurate. These expectancies have been
effectively utilized when the visual metaphor is employed on

O

(i) geometric shape

L] L

(ii) shading/contrast

Figure 3. The effects of context on symbol meaning

graphical interfaces to reduce the processing required to arrive at
an understanding of the interface.

The converse also needs to be considered in design. People
will respond more slowly to events or signals which they are not
expecting because they require more processing time. For example,
system failure usually occurs rarely and users often respond to
slowly or inappropriately. This is because users take time to process
these events and do not have a set of expected procedures which
they might draw upon in order to respond appropriately. Under
these circumstances, designers need to ensure that rare events are
made salient and obtrusive on the interface in order to allow users
to respond effectively. Wherever possible the interface should
indicate clearly what that response should be.

5. CONCLUSION

As can be seen from our consideration of the effects of
expectancies, effective communication between human and
machine is about producing an interface which creates appropriate
expectancies in the user. If the interface is successful in accessing
appropriate knowledge schemas, then communication will be
facilitated and usability increased. Creating systems which are
cognitively compatible with the user in this way is a key
component of effective user-centered design.

REFERENCES

DIXON, P, 1987, The processing or organizational and component step
information in written directions. Journal of Memory and Language,
26, 24-35.

HORTON, W,, 1994, The icon book: Visual symbols for computer systems
and documentation (New York: Wiley).

OBORNE, D.J., 1995, Ergonomics at work: Human factors in design and
development (Chichester: Wiley).

SCHANK, R. AND ABELSON, R., 1977, Scripts, plans, goals and
understanding: An enquiry into human knowledge structures (Hillsdale,
NJ: Erlbaum).

SMITH, D.C., IRBY, C., KIMBALL, R., and VERPLANK, B., 1982,
Designing the STAR user interface. Byte, 7, 242-82.

SPERBER, D. and WILSON, D., 1986, Relevance: Communication and
cognition (Oxford: Blackwell).

99



100

lceland: lcelandic
Ergonomics Society

T. Svensdottir

The Icelandic Ergonomics Society history is rather less ancient
than the history of Iceland, which has been occupied for 1125
years. It was on 8 April 1997 that an ergonomics society was
established
Vinnuvist{redifélag [slands or VINNIS in short. The society has

in Iceland. The formal name of it is

its address in Reykjavik. It might be of interest that in 1999 when
the society was two years old the population in Iceland was 275
000.

The establishing of an ergonomics society in Iceland was at
the initiative of physical therapists working in and interested in
the field of ergonomics. A working committee was established in
1996 in cooperation with occupational therapists with the aim
of establishing an ergonomics society . The concept of ergonomy
was clarified with the assistance of the Nordic and the Swedish
Ergonomics Societies statutes. The word “ergonomics” could not
be accepted into the Icelandic language. It was therefore necessary
to transform “ergonomics” into “vinnuvistfreedi” (vinna = work,
vistfredi = “ecology”, i.e. ecology of work). The word
“vinnuvistfredi” has a direct reference to the language and is
synonymous with the international concept of ergonomics. We
have defined ergonomics in the following manner:

“Vinnuvistfredi” deals with the interaction between human beings
and the environment in which they live and work. The environment
includes the workplace, equipment, organization of work,
communication amongst other things with regard to human needs,
well-being and security.

Various professional associations were contacted and
encouraged to participate in the establishment of a
multiprofessional society like VINNIS. The result was the
establishment of a society with 48 paying members with
backgrounds in various professions such as medical, technical,
and social science. Institutions, associations, and companies were
also founding members. The members of the board are also of
different professions.

The goal of VINNIS is:

* to increase and disseminate knowledge on ergonomics in

Iceland

« to facilitate the use of ergonomics in the design of the

workplace, work organization, equipment and products.

Through the establishment of the society discourse on
ergonomical problems from diverse points of view have been
made possible. Members get in touch with other professionals
which enables possibilities for direct communication,
cooperation, and a flow of information.

The society is open to everyone interested in ergonomics and
the working environment. Today there are 85 members from 11
different professional groups, institutions, companies, and
associations. Private companies have status as supporting
members. Less than 10% of the members have ergonomics as

Table 1. Membership composition by stated profession.
Profession Total
Architects 4
Interior designers 6
Engineers 4
Ergonomist (MSc) 1
Occupational therapists 21
Industrial designers 2
Physicians 2
Psychologists 4
Physiotherapists 20
Sjukskdterskor 5
Sociologists 2
Other 3
Professional associations 2
Public institutions 4
Private companies 5
Total 85

their major occupation. The following table shows the diversity
of members.

The first two years have been characterized by huge interest
and enjoyable work. Members have been involved and we have
been noticeable in society as a whole. Topic groups have been
established with around 25 to 30% of members taking part. The
groups themselves have chosen their topic of discussion, method
of working and objectives. The following groups were established:

e School environment and school furniture
e VDU work

e Risk assessment in the work environment
e Indoor climate

e Study group on work environment

e PR group

The group on school environment and furniture has
contributed considerably to the better ergonomical design of
school furniture.

The board publishes two newsletters each year which are
distributed to all members. Typical topics are information on VINNIS
activities, on the Nordic Ergonomics Society, latest courses and
conferences, newly published books and periodicals on ergonomics.
Two discussion meetings are held each year to discuss various issues
in ergonomics. The annual meeting is hosted by one of the companies
or institutions, to which we also make a site visit.

When VINNIS celebrated its first year, the board and the PR
group arranged an information week on radio and in the newspaper
with the greatest circulation. We used the opportunity to draw
attention to the society and its objectives. Open theme meetings
with a lecturer have been organized twice a year in a café in the
center of Reykjavik. Conferences are planned to be a part of the
regular activities. In the autumn a half-day conference will be held
on the theme “Work environment in a turbulent world”.

VINNIS has been a member of the Nordic Ergonomics Society
for one year. It is very stimulating for us to be in contact with
other Scandinavian countries with which we hope to work.
Ergonomics is, as was stated in the beginning, a new concept for
us in Iceland and there are not many who work directly in this
field. Though the main emphasis in our Icelandic Ergonomics
Society will be on ergonomical questions we will probably also
include other work environmental matters. VINNIS will strive to
strengthen its economy in the near future and attract more
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organizations and members with technological backgrounds. The
future is exciting for us and for the development of ergonomics
in Iceland, and we are committed to the future of our society.
Those who are interested in further information, or want to make
contact, can contact the chairman of the society, Torunn
Sveinsdottir, ph.: +354 567 2500 or e-mail: torunn@ver.is.
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IEA Definitions of
Ergonomics

1. INTRODUCTION

Ergonomics (or Human Factors) is the scientific discipline
concerned with the fundamental understanding of interactions
among humans and other elements of a system, and the
application of appropriate methods, theory and data to improve
human well-being and overall system performance. Derived from
the Greek ergon (work) and nomos (laws) to denote the science of
work, its scope extends to all human activity that involves the
use of artifacts.

Ergonomists (ergonomics practitioners) contribute to the
design of tasks, jobs, products and environments to make them
compatible with the needs, abilities and limitations of people.

2. DOMAINS OF SPECIALIZATION

Ergonomics is a systems-oriented discipline and practising
ergonomists must have a broad understanding of its full scope.
That is, ergonomics espouses a holistic approach in which
considerations of physical, cognitive, social, organizational,
environmental and other relevant factors are taken into account.

Nonetheless, there exist domains of specialization within the
discipline that represent deeper competencies in specific human
attributes. These domains of specialization correspond to content
knowledge about people rather than system attributes or
economic sectors. Ergonomists often work in particular economic

sectors or application domains, such as transportation and process
control. However, application domains are not mutually exclusive
and they change constantly (new ones are created and old ones
take new directions), making it nearly impossible to define a
useful and comprehensive set of application domains. Moreover,
ergonomists can cross application domains and work effectively
after an appropriate amount of familiarization. Hence, it is not
useful to define application domains. It is far more difficult to
cross-domains of specialization without extensive academic
training.

The domains of specialization within the discipline of

ergonomics include:

e Physical ergonomics is concerned with the compatibility
between human anatomical, anthropometric, physiological
and biomechanical characteristics, and the static and
dynamic parameters of physical work. (Relevant issues
include working postures, materials handling, repetitive
movements, work-related musculoskeletal disorders, safety
and health.)

e Cognitive ergonomics is concerned with mental processes,
such as perception, human information processing and
motor response, as it relates to human interactions with other
elements of a system. (Relevant topics include perception,
attention, workload, decision-making, motor response, skill,
memory and learning as these may relate to human system
design.)

e Social or organizational ergonomics is concerned with the
optimization of work systems, including their organizational
structures, policies and processes. (Relevant topics include
human-system considerations in communication, crew
resource management, work design and management,
teamwork, participatory design, cooperative work, TQM.)
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1. IEA MISSION STATEMENT

The IEA is the federation of ergonomics and human factors
societies around the world. Working closely with its constituent
societies and related international organizations, its mission is to
elaborate and advance ergonomics science and practice, and to
expand its scope of application and contribution to society to
improve the quality of life. The following principal goals reflect
the IEA mission:
e To develop more effective communication and collaboration
with federated societies.
e To advance the science and practice of ergonomics at an
international level.
e To enhance the contribution of the ergonomics discipline to
global society.

2. ORGANIZATION AND GOVERNANCE

The IEA was organized pursuant to Article 60 et seq. of the Swiss
Civil Code. The registered headquarters of the IEA is in Zurich
with a business office in the USA.

The IEA has the non-governmental organization (NGO) status
with the United Nations (UN), World Health Organisation
(WHO), International Labor Office (ILO) and International
Standards Organization (ISO).

The IEA is governed by a Council comprised of delegates
from the member societies and by the Executive Committee of
the Council. The IEA Executive Committee comprises of the
elected Officers (President, Secretary-General, Treasurer), Chairs
of the Standing Committees, Past President (non-voting),
Newsletter Editor (non-voting), IEA Historian (non-voting), and
the IEA Triennial Congress Chairperson (non-voting). The
Standing Committees include: Policy and Development, Science
and Technology, Professional Practice and Education, Industrially
Developing Countries, Promotion and Publication, and Awards.

3. HISTORY

The origins of the IEA lie in a project initiated by the European
Productivity Agency (EPA), a branch of the Organization for
European Economics Cooperation. The EPA established a Human
Factors Section in 1955, and in 1956 visited the USA to observe
human factors research. The next phase of the EPA project was a
technical seminar on “Fitting the Job to the Worker” at the
University of Leiden in 1957. It was at this seminar that a set of
proposals was presented for the formation of an international
association of work scientists.

An informal (steering) Committee was appointed to develop
the proposals and to organize an international association. The
members of that committee were: Professor H. S. Belding,
Professor G. C. E. Burger, Professor S. Forssman, Professor E.
Grandjean, Professor G. Lehman, Professor B. Metz, Professor K.

U. Smith and Mr R. G. Stansfield. In various phases, members of
the Ergonomics Research Society (UK) actively participated in
the founding process.

Even though British scientists had founded an Ergonomics
Research Society in 1949, “ergonomics” as the name of this new
discipline became fully adopted only years later. The Committee
decided to adopt the name “International Ergonomics
Association” on a preliminary basis until a better name could be
found. In 1957, the Council of Ergonomics Research Society (UK)
agreed to support the establishment of the IEA.

A preliminary set of bylaws for the proposed international
association was prepared and distributed to the informal
committee. A special meeting was held in Paris in September
1958, and it was decided to proceed with organizing an
association and to hold an international congress in 1961. The
committee then designated itself the “Committee for the
International Association of Ergonomic Scientists” and elected
Professor Burger, President: Professor Smith, Treasurer: and
Professor Grandjean, Secretary. Thus, even though the IEA was
formally organized in Paris in 1958, the initial organization began
with the naming of the informal (steering) Committee at the
University of Leiden technical seminar in 1957.

The Committee for the International Association of
Ergonomic Scientists met in Zurich during the last phase of the
EPA project in March 1959 and decided to retain the name
“International Ergonomics Association”. The committee also met
again in Oxford later in 1959 formally to agree upon the set of
bylaws or statutes drawn up by the secretary with the help of
committee members and the EPA staff. These statutes were later
approved by the association membership at the First Congress of
the TEA in Stockholm in 1961.

4. OFFICIAL JOURNALS

Ergonomics, published monthly by Taylor & Francis Ltd, London,
is the official journal of the TEA. It published the proceedings of
the first IEA Congress in 1961.

Beginning in 2000, the IEA is publishing the IEA Electronic
Journal of Ergonomics.

5. IEA MEMBERSHIP

The IEA currently has 36 federated societies, two affiliated
societies and two sustaining member organizations.
Federated Societies:

o All-Ukrainian Ergonomics Association

e Asociacion Espariola de Ergonomia (Spain)

e Belgian Ergonomics Society

e Brazilian Ergonomics Association (ABERGO)

o Chinese Ergonomics Society

e Croatian Ergonomics Society

e Czech Ergonomics Society

e Ergonomics Society (UK)

e Ergonomics Society of Australia

e Ergonomics Society of the Federal Republic of Yugoslavia

e Ergonomics Society of Korea

e Ergonomics Society of South Africa

e Ergonomics Society of Taiwan

o Gesellschalft fur Arbeitswissenschaft (Germany)

o Hellenic Ergonomics Society

e Association of Canadian Ergonomists/ACE
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e Human Factors and Ergonomics Society (USA)

e Sociedad de Ergonomia y Factores Humanos de México
(Mexico)

e Hungarian Ergonomics Society

e Indian Society of Ergonomics

o Inter-Regional Ergonomics Association (IREA: Russia)

o Irish Ergonomics Society

e Israeli Ergonomics Society

e Japan Ergonomics Society

e Nederlandse Vereniging voor Ergonomie (The Netherlands)

e New Zealand Ergonomics Society

e Nordic Ergonomics Society

o Osterreichische Arbeitsgemeinschalt fiir Ergonomie (Austria)

e Polish Ergonomics Society

e Portuguese Association of Ergonomics (APERGO)

e Slovak Ergonomics Association

e Sociedad Colombiana De Ergonomia (Colombia)

e Societa Italiana di Ergonomia (Italy)

e Societe D’Ergonomie de Langue Francaise (SELF)

e South East Asia Ergonomics Society (SEAES)

e Turkish Ergonomics Society

Affiliated Societies:
e European Society of Dental Ergonomics
e Human Ergology Society (Japan)

Sustaining Members:

e Bureau of the Hungarian Council of Industrial Design and
Ergonomics

e Research Institute of Human Engineering for Quality Life
(Japan)

6. OFFICERS OF THE IEA
The following individuals has served as elected Officers of the IEA:

1961-64:
e President: S. Forssman
e Secretary-Treasurer: E. Grandjean

1964-67:
e President: G. Lehman
e Secretary-Treasurer: E. Grandjean

1967-70:
e Professor: P. Ruffell-Smith
e Secretary-General: E. Grandjean
o Treasurer: A. Wisner

1970-73:
e Professor: B. Metz
e Secretary-General: F Bonjer
o Treasurer: A. Wisner

1973-76:
e Professor: E Bonjer
e Secretary-General: R. Sell
e Treasurer: J. de Jong

1976-79:
e Professor: A. Chapanis

e Secretary-General: R. Sell
e Treasurer: H. Scholz

1979-82:
o Professor: J. Rosner
o Secretary-General: H. Davis
e Treasurer: H. Scholz

1982-85:
e Professor: S. Sugiyama
o Secretary-General: H. Davis
o Treasurer: J. Rutenfranz/B. Shackel

1985-88:
o Professor: H. Davis
e Secretary-General: I. Kuorinka
e Treasurer: B. Shackel

1988-91:
o Professor: 1. Kuorinka
e Secretary-General: H. Hendrick
e Treasurer: B. Shackel

1991-94:
e Professor: H. Hendrick
e Secretary-General: P Rookmaaker
e Treasurer: 1. Noy

1994-97:
o Professor: M. Helander
e Secretary-General: P Rookmaaker
e Treasurer: 1. Noy

1997-2000:
e Professor: 1. Noy
o Secretary-General: W. Karwowski
e Treasurer: K. Kogi

7. TRIENNIAL CONGRESSES
The TEA has held Triennial Congresses as follows:

e 1961: Stockholm, Sweden

¢ 1964: Dortmund, Germany

¢ 1967: Birmingham, UK

¢ 1970: Strasbourg, France

e 1973: Amsterdam, The Netherlands
© 1976: College Park, USA

e 1979: Warsaw, Poland

¢ 1982: Tokyo, Japan

e 1985: Bournemouth, UK

© 1988: Sydney, Australia

e 1991: Paris, France

e 1994: Toronto, Canada

¢ 1997: Tampere, Finland

¢ 2000: San Diego, USA

The future IEA Congresses are scheduled as follows:
©2003: Seoul, Republic of Korea

¢ 2006: Maastricht, The Netherlands
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8. AWARDS OF THE IEA

Awards given by the IEA are presented at the Triennial Congress.
They are:

o [EA Distinguished Service Award

o [EA Founders Award

o [EA Outstanding Educators Award

e [EA Ergonomics of Technology Transfer Award

e IEA Ergonomics Development Award

o [EA President’s Award

e The Liberty Mutual Prize in Ergonomics and Occupational

Safety

o [EA/K. U. Smith Student Award

The Awards Committee based upon nominations from the
various federated societies selects recipients for the first five
awards. Recipients for the IEA President’s Award are nominated
either by IEA Council or by the IEA Executive Committee: final
approval for this award rests with the IEA President. The Student
Awards Committee selects recipients for the K. U Smith Student
Award

9. RECIPIENTS OF THE IEA AWARDS

IEA Distinguished Service Award:
©1982: A. Chapanis, E. Grandjean
¢ 1985: M. Oshima, A. Wisner
¢ 1988: P. Davis, N. Lundgren, W. Singleton
¢ 1991: J. Rosner
e 1994: H. Davis
¢ 1997: H. Hendrick
IEA Founders Award:

e 1991:J. Scherrer
¢1994: K. U. Smith
¢ 1997: W. Floyd

IEA Outstanding Educators Award:
¢ 1991: E. N. Corlett

© 1994: W. Rohmert

¢ 1997: M. M. Ayoub

IEA Ergonomics of Technology Transfer Award:

0 1991: A. Wisner
e 1994: H. Shahnavaz
0 1997: R. Sen

IEA Ergonomics Development Award:
¢ 1991: K. Kogi

©1994: J. Leplat

0 1997: D. Meister

IEA President’s Award:

01997: T. Leamon

IEA/K. U. Smith Student Award:
¢ 1997: L. Ritmiller
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W. Schultetus
Institut fiir angewandte Arbeitswissenschaft e.V., 50968 Kéin, Germany

1. INTRODUCTION

Ergonomics is the study of human beings and their work. How
can standardization help here? Do we want to standardize man?
All ergonomists answer “no” to this question, as machines are
supposed to adapt to human beings and not vice versa. However,
to provide the means of achieving this objective, the human
characteristics and abilities have to be researched and described.
Only then can the builder of machines, the organizer of
workplaces, and the designer of products for applications in
industry, services, and the private sector take proper account of
findings in the field of ergonomics. This, in turn, enables them
to limit the workload borne by humans to a permissible level
and to make a contribution to occupational health and safety.

Human engineering — designing technical products and
services to take human characteristics into account — to improve
the quality of life and work is becoming a central approach to
making products and services more efficient, attractive, and
competitive. Applied ergonomics is thus developing into a
decisive market factor of the future.

The actual history of standards for ergonomics would have
to begin with the first standard that was important for human
activities, i.e. that took account of knowledge of human
characteristics, abilities, and limits. This was done, for example,
by setting the size or strength of the human body in relation to
buildings, tools, the work environment, and work systems. Such
standards certainly existed long before the concept of
“ergonomics” found its way into standardization. It was gradually
realized that standardization is an important and efficient way of
allowing ergonomic findings to be applied. The International
Ergonomics Association (IEA) was behind the establishment of
ISO/TC 159, Ergonomics, back in 1975.

2. INSTITUTING STANDARDIZATION IN
ERGONOMICS

The scope of ISO/TC 159 is standardization in the field of ergonomics
including terminology, methodology, and human factors data. In
the context of the scope, the committee, through standardization
and coordination of related activities, promotes the adaptation of
working and living conditions to the anatomical, physiological, and
psychological characteristics of man in relation to the physical,
sociological, and technological environment. Among the objectives
are safety, health, well-being, and effectiveness.

However, many ISO standards involving aspects of
ergonomics have not been developed by ISO/TC 159 for historical
and organizational reasons. A survey carried out in Germany in
1996 concluded that more than 10 000 I1SO, CEN and DIN
standards contain aspects of ergonomics, even though the
standard developers were unable to resort to fundamental
ergonomic standards for the development of their own standards.
This situation is now known and will be modified. The scope of

ISO/TC 159 promotes standardization in the adaptation of
working and living conditions to the anatomical, physiological
and psychological characteristics of man, with the objective of
improving safety, health, effectiveness and well-being.

3. OBJECTIVES

Requirements for ISO/TC 159 to achieve its objectives are:

e to collect and critically review ergonomic data relevant to
international standardization, pertinent to the design and
manufacturing of machinery, the design and organization of
work processes, and the layout of work equipment, as well
as the control of the physical environment in the work
premises;

e to identify those branches of industry, services, and trade
where ergonomic needs will expand or arise with new
technologies;

e to recognize the unavoidable time lags in producing as
well as their enforcement;

e to set up and to implement comprehensive sub-programs
for standardization activities in different fields of ergonomics;

e to make effective use of liaisons with other TCs and SCs
through which standards with ergonomic specifications have
been or are being produced, sometimes with insufficient
consideration of granted ergonomic data and/or principles;

o to create within ISO/TC 159 a strategy planning function in
charge of implementing and updating the present strategic
policy statement.

Table 1. Organizational structure of ISO/TC 159, Ergonomics

(January 2000)

ISO/TC 159/SC 1, Ergonomic guiding principles

ISO/TC 159/SC 1/WG 1, Principles of the design of work systems
I1SO/TC 159/SC 1/WG 2, Ergonomic principles related to mental work
I1SO/TC 159/SC 1/WG 3, Terminology

ISO/TC 159/SC 3, Anthropometry and biomechanics

ISO/TC 159/SC 3/WG 1, Anthropometry

I1SO/TC 159/SC 3, WG 2, Evaluation of working postures

ISO/TC 159/SC 3/WG 4, Human physical strength: manual handling and
force limits

ISO/TC 159/SC 4, Ergonomics of human-system interaction
ISO/TC 159/SC 4/WG 1, Fundamentals of controls and signalling methods
I1SO/TC 159/SC 4/WG 2, Visual display requirements

ISO/TC 159/SC 4/WG 3, Control, workplace and environmental
requirements

ISO/TC 159/SC 4/WG 5, Software ergonomics and human-computer
dialogues

ISO/TC 159/SC 4/WG 6, Human-centred design processes for interactive
systems

I1SO/TC 159/SC 4/WG 8, Ergonomic design of control centres
ISO/TC 159/SC 5, Ergonomics of the physical environment
1SO/TC 159/SC 5/WG 1, Thermal enviroments

I1SO/TC 159/SC 5/WG 2, Lighting environments

ISO/TC 159/SC 5/WG 3, Danger signals and communication in noisy
environments
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4. WHAT STANDARDS ARE REQUIRED?

The first question asked at ISO was: What standards are required
in the field of ergonomics? The scientists answered: “fundamental
standards as guidelines for the design of work systems.” But the
product designers in industry replied: “standards with
application-oriented, ergonomic details,” — for example, making
it possible to design the drivers compartment of a car or the
lever on a machine. The organizational structure of ISO/TC 159,
Ergonomics, tried to meet these different requirements (table 1).
Standards can be developed at various levels within the
following structure:
e basic standards related to fundamental characteristics of man;
e functional standards related to human factors in the
operation and use of equipment, processes, products of
systems;
related  to  the
effects of physical factors of the environment on human

eenvironmental  standards
performance, in the range between comfort and health
hazards;

e standards for test procedures and for processing ergonomic
data, to be applied either in working out standards in the
above three categories or in assessing conformity to already
accepted standards.

Although these standards serve as aids for product
standardizers, a considerable amount of ergonomic data is also
required for machine safety. Thus close liaison with ISO/TC 199,
Safety of machinery, became necessary.

Moreover, at the end of the 1980s and beginning of the 1990s,
the European Single Market produced a demand for standards in
the field of ergonomics. To this end, the European Committee for
Standardization (CEN) set up Technical Commiittee 122, Ergonomics,
which has liaised closely with ISO/TC 159 in many areas ever since.

5. RELEVANT AREAS OF STANDARDIZATION

The first ISO standard on fundamental ergonomics for the design
of work systems, ISO 6385 (1981), Ergonomic principles in the
design of work systems, was developed on the basis of the German
standard, DIN 33400 (1975), Designing work systems according
to ergonomic findings. In this fundamental standard, the
committee attached central importance to the work system, to
which it then assigned individual components, e.g. work
equipment, workspace, work environment, and work
organization. This top-down approach assumed that the
framework first had to be established into which application-
oriented standards could then be incorporated. It was clear from
the outset that standards in ergonomics should not be drafted
for just any application, but that fundamental standards were
needed, providing the means for work instruments and products
to be designed. The intention was, for example, to define the
fundamental dimensions of the human body, instead of
developing standards for anthropometric dimensions specifically
applied to office chairs or car seats.

Standards for the design of work systems are therefore not
only developed by SC 1, Ergonomic guiding principles,
responsible for general principles, they are also included in the
work of various subcommittees and working groups that deal
with particular work systems, for example, office systems or
control centers for process control.

6. INDIVIDUAL HUMAN WORKLOAD

One criterion for evaluating the quality of ergonomic design in
each workplace component should be the individual human
workload. To take an example, mental workload is becoming
increasingly important as a result of mechanization and
automation, which is why ISO/TC 159 developed a standard of
its own (ISO 10075), dealing with ergonomic principles related
to mental workload.

Anthropometry makes a significant contribution to ergonomic
standardization. Nowadays, for instance, it is inconceivable that
a car should be sold on the world market without appropriate
account having been taken of the dimensions of the drivers body.

When designing workplaces, ever greater attention is being
paid to the handling of heavy weights because the number of
working hours lost due to spinal column disorders has markedly
increased. One task of an ergonomics committee should therefore
be to assist the workplace designer in this respect and to develop
appropriate standards. This was actually done in SC 3,
Anthropometry and biomechanics. The proposed standards will
establish both maximum permissible and maximum acceptable
weights of load to be handled manually (lifting and carrying) by
adult males and females at work, occasionally and as a function
of frequency of task. It provides recommended limits for manual
lifting and carrying while taking into account the intensity, the
frequency, and the duration of the manual handling task to enable
an evaluation of risk to health in a working population.

Standards for ergonomics play an important role in making
systems more usable, particularly through the user interface and
the quality of interface components. The large manufacturers of
visual display terminals operate internationally and therefore also
ask for . Consequently, SC 4, Ergonomics of human-system
interaction, has prepared a 17-part series of standards, ISO 9241.
In addition, the European Committee for Standardization (CEN)
has decided to adopt the ISO standards in this area for the Single
Market. The European standards, in turn, replace the national
standards in the EC and EFTA states. The importance of
corresponding ISO standards has greatly increased as a result.
Table 2 shows the results of work within SC 4. Special conditions
apply in control centers, which explains why the series of
standards was developed, it is shown in Table 3.

For many historical, political, and organizational reasons,

Table 2. 1SO 9241, Ergonomic requirements for office work with
visual display terminals (VDTs) (January 2000)

Part 1: General introduction

Part 2: Guidance on task requirements

Part 3: Visual display requirements

Part 4: Keyboard requirements

Part 5: Workstation layout and postural requirements
Part 6: Guidance on the work environment
Part 7: Display requirements with reflections
Part 8: Requirements for displayed colours
Part 9: Requirements for non-keyboard devices
Part 10: Dialogue principles

Part 11: Guidance on usability

Part 12: Presentation on information

Part 13: User guidance

Part 14: Menu dialogue

Part 15: Command dialogues

Part 16: Direct manipulation dialogues

Part 17: Form-filling dialogues
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Table 3. 1SO 11064, The ergonomic design of control centres
(January 2000)

Part 1: Principles for the design of control centres
Part 2: Principles of control suite arrangements

Part 3: Control room layout

Part 4: Workstation and layout dimensions

Part 5: Displays and controls

Part 6: Environmental requirements for control rooms
Part 7: Principles for the evaluation of control centres

Part 8: Ergonomic requirements for specific applications

standards concerned with the physical environment of workplaces
were drafted under headings other than “Ergonomics”. These
approaches, often specially oriented to technology and
engineering, related more to physical aspects than to the
importance of these influences on the human being — for
example, standards for lighting, noise, and vibration. As a resullt,
ISO/TC 159/SC 5, Ergonomics of the physical environment, took
over standardization in this field and developed standards for
the thermal environment, communication in noisy environments,
visual and auditory danger signals, and skin contact with hot
surfaces.

7. CONCLUSIONS

Standards will not determine workplace design but can provide
a useful “starting point” for successful design. Therefore, the
object of further ergonomic standardization at ISO — and also
at CEN — must be a form of standardization that fosters human-
centered, as opposed to technology-centered, development of
products and work systems. The basis of this re-orientation is
the insight that the gulf between man and technology will widen
if products, work systems, and working conditions continue to
be designed with nothing but technology in mind. Taking
appropriate account of the user in the design process should
put new technologies into more effective and more efficient
use. ISO/TC 159, Ergonomics, will continue to make an
important contribution to this process and ensure that it is not
the human who must adapt to the machine, but the machine
that is adapted to the human.
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Ireland: Irish Ergonomics
Society

R. Saunders
Secretary of the Irish Ergonomics Society

An informal group was formed in October 1984 by Dr Tim
Gallwey, and in March 1985 it was accepted as a Regional Group
of the Ergonomics Society (UK). The Group ran seminars once
or twice per year and was involved from 1985 onwards in the
development of the ideas and processes for a “European
Ergonomist”. The aim was to provide the mechanism for
establishing and controlling a recognized professional level for
ergonomists throughout Europe, in order to provide for mobility
between member states and to protect against the practice of
those unqualified and/or not competent. The standards were
agreed in 1992 and provided the mechanism for the Irish
Ergonomics Group to become a fully Irish society.

A constitution was approved at an AGM in March 1993 and
the Irish Ergonomics Society was formally launched on the 5
March 1994 when the first Annual Conference was held at the
University of Limerick. The Society was admitted to the
International Ergonomics Association as an Affiliated Organization
at its 12th Triennial Congress in Toronto on 14 August 1994.
This makes it the officially recognized society for ergonomics in
Ireland. The IES became a Federated Member of the IEA with
full voting rights at the IEA Council Meeting in August 1995.
The Society also represents Ireland on the Council of the Centre
for Registration of European Ergonomists (CREE) which was
incorporated legally in the Netherlands on the 1 October 1995
and which administers the registration process for the European
Ergonomist (Eur Erg). In June 1998, five applicants from Ireland
were accepted as Eur Ergs.

Membership of the Society is available to people with a degree
(or equivalent) in the ergonomics field, or with some other cognate
or relevant discipline with either the equivalent of two years’
full-time work in ergonomics or who have published two scientific
papers in the subject. Those who do not meet these requirements
but are interested in ergonomics can join as Associates.
Appropriate post-graduate courses are on offer at the University
of Limerick, National University of Ireland, Galway, and Queens
University, Belfast.

THE IES TODAY: 1999

This year sees the Society at something of a landmark stage in its
development. Those who have kept the flag flying for so long
here (Dr Tim Gallwey, Eleanor McMahon, Steve Chan, Gerry
Holmes, Enda Fallon, and others) have been joined over the past
five years by new recruits and active members who have graduated
from, or are involved in, the post-graduate courses mentioned.
Today, the Society’s membership stands at 60, almost a 100%
increase since 1997.

November 1998 saw the Society organize and host its first
ever National Conference, which was an overwhelming success
due to the efforts of the conference organizing sub-committee.
Over 120 delegates from industry, the public sector, and a
number of NGOs attended the one-day event, which focused
largely on the topics of immediate concern to the workplace:
the law in relation to ergonomics; manual handling; industrial
interventions and training schemes; and modern office
environments.

The previous year, 1997, saw an international conference on
Revisiting the Allocation of Functions: ALLFN "97. Organized by
Enda Fallon of NUI Galway, those who attended will testify to its
success and the quality of papers and debate.

The Society has organized its own internal annual
conference each year since 1994; coinciding with the AGM, it
provides a forum for current research to be presented to the
membership. The Society also produces a newsletter, The Irish
Ergonomist. With four editions a year, it keeps members up-to-
date on national matters and events, etc., and is supplemented
with information from the rest of the world, courtesy of the
IEA. The Society also has a National Assessment Board for the
processing of applications for European Ergonomist on behalf
of CREE.

Finally, an ambitious Programme of Work was presented at
this year’s AGM, with plans for two industry-aimed workshops
this year, the formation of two technical working groups and a
Membership Review Committee, a major overhaul of our web
site (http://www.ul.ie/~ies/), and the planning of the Second
National Conference for early 2000. We have also seen the recent
formation of the Occupational Health & Safety Institute of Ireland,
a research-oriented institution composed of the universities, the
social partners, the Health & Safety Authority, and a number of
societies and professional bodies. The IES intends to play a leading
role in its formative stage and will be a member of both its Board
and Scientific Advisory Committee.
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H. J. Silzer

ISO/TC 159 "ERGONOMICS"

Chairperson: W. Schultetus (interim), Germany

Secretary: H.J. Sdlzer; DIN-Berlin

ISO Member responsible: DIN

Scope: Standardization in the field of ergonomics, including
terminology, methodology and human factors data.

ISO/TC 159/SC 1 — Ergonomic guiding principles
Chairperson: W. Schultetus, Germany
Secretary: H. J. Salzer, DIN-Berlin

ISO/TC 159/SC 3 — Anthropometry and biomechanics
Chairperson: Professor Dr T. Itani, Japan
Secretary: K. Suzuki; Japan

ISO/TC 159/SC 4 — Ergonomics of human-system

interaction

Chairperson: T. E M. Stewart, UK Secretary: Mrs C. Bassey, BSI-
London

ISO/TC 159/SC 5 — Ergonomics of the physical environment
Chairperson: Professor Dr K. C. Parsons, UK
Secretary: Dr D. S. Fishman, BSI-London

CEN/TC 122 “"ERGONOMICS"

Chairperson: Dr K.-P. Scheuermann, Germany

Secretary: H. J. Sélzer, DIN-Berlin

CEN Member responsible: DIN

Scope: Standardization in the field of ergonomics principles and
requirements for the design of work systems and work
environments, including machinery and personal protective
equipment, to promote the health, safety and well-being of the
human operator and the effectiveness of the work.

CEN/TC 122/WG 1 — Anthropometry
Convenor: Professor Dr Hans W. Jurgens, Germany
Secretary: N. Butz, DIN-Berlin

CEN/TC 122/WG 2 — Ergonomic design principles
Convenor: Dr K.-P. Scheuermann, Germany
Secretary: N. Butz, DIN-Berlin

CEN/TC 122/WG 3 — Surface temperatures
Convenor: Dr H. Siekmann, Germany
Secretary: R. Schmidt, DIN-Berlin

CEN/TC 122/WG 4 — Biomechanics
Convenor: Mrs Dr J. A. Ringelberg, The Netherlands
Secretary: Drs P M. de Vlaming, NNI-Delft

CEN/TC 122/WG 5 — Ergonomics of human-computer
interaction

Convenor: T. E M. Stewart, UK

Secretary: Mrs C. Bassey, BSI-London

CEN/TC 122/WG 6 — Signals and controls
Convenor: M. 1. Gray, UK
Secretary: Mrs C. Bassey, BSI-London

CEN/TC 122/WG 8 — Danger signals and speech communication
in noisy environments

Convenor: Dr H. J. M. Steeneken, Netherlands

Secretary: Drs PM. de Vlaming, NNI-Delft

CEN/TIC 122/JWG 9 — Ergonomics of Personal Protective
Equipment (PPE)

Convenor: Mrs Vibeke Andersen, Denmark

Secretary: Seren Nielsen, DS —Charlottenlund

CEN/IC 122/WG 10 — Ergonomic design principles for the
operability of mobile machinery

Convenor: Drs K. A. Peereboom, The Netherlands

Secretary: Drs PM. de Vlaming, NNI-Delft

CEN/TC 122/WG 11 — Ergonomics of the thermal environment’
Convenor: Professor Dr K. C. Parsons, UK
Secretary: Dr David Fishman, BSI-London

CEN/TC 122 ad hoc group — Integrating ergonomic principles
for machinery design

Convenor: Dr J. A. Ringelberg, Netherlands

Secretary: S. M. van der Minne, NNI-Delft

STANDARDS DRAFT STANDARDS WORK ITEMS
(UNDER PREPARATION)
(State: July 1999)

Ergonomic Guiding Principles

ISO 6385: 1981-06-00

ENV 26385: 1990-06-00

Ergonomic principles of the design of work systems

Abstract: Establishes these principles as basic guidelines. They
apply for designing optimal working conditions with regard to
human well-being, safety and health, taking into account
technological and economic efficiency.

EN 614-1: 1995-02-00

Safety of machinery — Ergonomic design principles — Part 1:
Terminology and general principles

Abstract: This document establishes the ergonomics principles
to be followed during the process of design of work equipment,
especially machinery. Although the principles in this document
are orientated towards equipment for occupational use, they are
applicable also to equipment for private use. It applies to the
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interactions between the operator and the work equipment when
installing, operating, adjusting, maintaining, cleaning, repairing
or transporting equipment and outlines the principles to be
followed in taking the health and safety of the operator fully into
account.

prEN 614-2: 1997-12-00

Safety of machinery — Ergonomic design principles — Part 2:
Interactions between the design of machinery and work tasks
Abstract: The document deals specifically with task design in the
context of machinery design, but the principles and methods
may also be applied to job design. It establishes the ergonomic
principles and procedures to be followed during the design
process of machinery and operator work tasks. It is directed to
designers and manufacturers of machinery and other work
equipment. It will also be helpful to those who are concerned
with the use of machinery.

1SO 10075: 1991-10-00

pr EN ISO 10075-1: 1996-07-00

Ergonomic principles related to mental workload; Part 1: General
terms and definitions

Abstract: This Standard represents an extension of ISO 6385,
Subclauses 3.7 to 3.9, describing terms and definitions in more
detail. Annex A forms an integral part of this standard.

ISO 10075-2: 1996-12-00

pr EN ISO 10075-2: 1998-07-00

Ergonomic principles related to mental workload — Part 2:
Design principles

Abstract: Gives guidance on the design of work systems, including
task and equipment and design of the workplace, as well as
working conditions. Relates to the adequate design of work and
use of human capacities.

Under preparation: Ergonomic principles related to mental work-
load — Part 3: Measurement and assessment of mental workload

Anthropometry

This International Standard is intended for use by ergonomic
experts and non-experts, e.g. employers, employees and their
representatives, system managers and designers, ergonomics and
health experts and public authorities. Experts should be able to
choose suitable methods based on the contents of this
International Standard and/or to find information to be taken
into account or to be followed when constructing methods for
mental workload assessment. Non-experts will find useful
information for their orientation in the field of assessment and
measurement of mental workload, e.g. what kinds of methods
are provided, who is able and qualified to use them.

EN 547-1: 1996-12-00

ISO/DIS 15534-1: 1998-04-00

Safety of machinery — Human body measurements — Part 1:
Principles for determining the dimensions required for openings
for whole body access into machinery

Abstract: The document specifies the dimensions of openings

for whole body access as applied to machinery as defined in EN
292-1. It provides the dimensions to which the values given in
EN 547-3 are applicable. Values for additional space requirements
are given in annex A. This European Standard has been prepared
primarily for non-mobile machinery, there may be additional
specific requirements for mobile machinery.

EN 547-2: 1996-12-00

ISO/DIS 15534-2: 1998-04-00

Safety of machinery — Human body measurements — Part 2:
Principles for determining the dimensions required for access
openings

Abstract: The document specifies the dimensions of openings
for whole body access as applied to machinery as defined in EN
292-1. Tt provides the dimensions to which the values given in
EN 547-3 are applicable. Values for additional space requirements
are given in annex A. This European Standard has been prepared
primarily for non-mobile machinery, there may be additional
specific requirements for mobile machinery.

EN 547-3: 1996-12-00

ISO/DIS 15534-3: 1998-04-00

Safety of machinery — Human body measurements — Part 3:
Anthropometric data

Abstract: The document specifies current requirements for human
body measurements (anthropometric data) that are required by
EN 547-1 and EN 547-2 for the calculation of access opening
dimensions as applied to machinery. The anthropometric data
originate from static measurements of nude persons and do not
take into account body movements, clothing, equipment,
machinery operating conditions or environmental conditions. The
data are based on information from anthropometric surveys
representative of population groups within Europe comprising
at least three million people. Both men and woman are taken
into account. Measurements are given, as required by EN 547-1
and EN 547-2, for the 5th, 95th and 99th percentile of the relevant
population group within Europe.

ISO 7250: 1996-07-00

EN ISO 7250: 1997-07-00

Basic human body measurements for technological design (ISO
7250: 1996)

Abstract: The document provides a description of anthropometric
measurements that can be used as a basis for comparison of
population groups. The basic list specified in this document is
intended to serve as a guide for ergonomists who are required to
define population groups and apply their knowledge to the
geometric design of the places where people work and live.

ISO/DIS 14738: 1997-12-00

prEN ISO 14738: 1997-12-00

Safety of machinery — Anthropometric requirements for the
design of workstations at machinery

Abstract: The document establishes principles for deriving
dimensions from anthropometric measurements and applying
them to the design of workstations at non-mobile machinery. It
is based on current ergonomic knowledge and anthropometric
measurements. It specifies the body’s space requirements for
equipment during normal operation in sitting and standing
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positions. It does not specifically include space demands for
maintenance, repairing and cleaning work. It does not give
recommendations specifically for visual display terminal
workstations at machinery. For these purposes EN 1SO-9241-5
can be used in conjunction with this document.

Under preparation: Ergonomics — Computer manikins, body
templates

Document scope: This European Standard establishes the general
requirements for computer-aided manikins intended for the
design and evaluation of workspaces at machinery (or: spaces,
furniture and other equipment). These requirements concern the
anthropometric and motional (and biomechanical) properties of
the manikins, particularly the extent to which they represent the
human body and the intended user population. The European
Standard also specifies the requirements for the documentation
of the manikins in respect to these properties and for the guidance
of the user.

The European Standard is intended as a guide for the design and
selection of manikins and for evaluation of their usability and
accuracy for the specified use.

Under preparation: Selection of persons for testing of
anthropometric aspects of industrial products and designs
Document scope: This European Standard determines the
procedures to be applied to the composition of groups of persons
whose anthropometric characteristics are to be representative of
all prospective users of any specific object under test.

These procedures will be applicable to the anthropometric aspects
of testing of industrial products and designs having direct or
indirect contact with the human body and its functions, e.g.
machinery, work equipment, personal protective equipment
(PPE), consumer goods, working spaces, architectural details,
types of transport.

Under preparation: Safeguarding crushing points by means of a
limitation of the active forces

Document scope: Standardization of safe, low forces on crushing
points (data concerning forces to which people can be exposed
without risk of injury).

Target dates depend on financial support for pre-normative
research.

Under preparation: Ergonomics — Reach envelopes

Document scope: This European Standard establishes ergonomic
requirements for the metric design of workplaces. It specifies the
operation’s minimum and maximum reach (reach envelopes for
hands and feet).

Under preparation: Anthropometric database

Document scope: The European Standard establishes an
anthropometric database for all age groups to be used as the basis
for the design of work equipment, workplaces and workstations
at machinery.

Under preparation: Notation system of anthropometric
measurements used in the European Standards EN 547 Part 1 to
Part 3

Document scope: The Technical Report explains the complete
notation system of anthropometric measurements used in the
European Standards EN 547 Part 1 to Part 3.

Biomechanics

prEN 1005-1: 1998-12-00

Safety of machinery — Human physical performance — Part 1:
Terms and Definitions

Abstract: The document provides terms and definitions on
concepts and parameters used for EN 1005-2 to 4. Basic concepts
and general ergonomic principles for the design of machinery
are dealt with in EN 292-1 and 2 and EN 614-1. The study of
human physical loading whilst handling/operating machinery
relies on methods and techniques developed by different research
disciplines (e.g. epidemiology, biomechanics, physiology,
psychophysics). It aims to define relevant concepts to further
cooperation between research disciplines in this field, and to
improve the application of standards when designing machinery.

prEN 1005-2: 1998-12-00

Safety of machinery — Human physical performance — Part 2:
Manual handling of machinery and component parts of
machinery

Abstract: The document specifies ergonomic recommendations
for the design of machinery involving manual handling in
professional and domestic applications. It applies to the manual
handling of objects of 3 kg or more. The standard provides data
for ergonomic design and risk assessment concerning lifting,
lowering and carrying in relation to the construction, transport
and commissioning (assembly, installation, adjustment), use
(operation, cleaning, fault finding, maintenance, setting, teaching
or process changeover) and decommissioning, disposal and
dismantling of machinery. This standard provides current data
on the general population and certain subpopulations.

prEN 1005-3: 1998-12-00

Safety of machinery — Human physical performance — Part 3:
Recommended force limits for machinery operation

Abstract: The document specifies force limits for pushing and
pulling tasks, gripping, arm work and pedal work under the
following conditions: pushing and pulling with whole body
exertion and using a two-handed symmetrical grip whilst standing
and walking; manual exertion (to/from, up/down, in/out), arm
work whilst sitting and standing; leg exertion, one-foot or two-
foot forces pushing or pressing of pedal(s) whilst sitting and
standing.

prEN 1005-4: 1998-11-00

Safety of machinery — Human physical performance — Part 4:
Evaluation of working postures in relation to machinery
Abstract: The document presents guidance to the designer of
machinery or its components parts in assessing and controlling
health risks due to machine-related postures and movements,
i.e. during assembly, installation, operation, adjustment,
maintenance, cleaning, repair, transport and dismantlement. The
standard specifies recommendations for postures and movements
with minimal external force exertion. The recommendations are

Under preparation: Safety of machinery — Human physical
performance — Part 5: Risk assessment for repetitive handling
at high frequency
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Document scope: This European standard presents a risk
assessment method for machinery related repetitive movements.
ISO/DIS 11226; 1999-02-00

Ergonomics — Evaluation of working postures

Abstracts: This International Standard establishes ergonomic
recommendations for different work tasks. The standard will
provide information for all those involved in design, or redesign,
of work, jobs and products that are familiar with the basic
concepts of ergonomics in general and working postures in
particular.

The standard specifies recommended limits for working postures
with minimal external force exertion, while taking into account
body angles and in time aspects.

This standard is designed to provide guidance on the assessment
of several task variables, allowing the health risks for the working
population to be evaluated.

This standard applies to the adult working population. The
recommendations will give reasonable protection for nearly all
health adults. The recommendation concerning health risks and
protection are mainly based on experimental studies regarding
the musculosekeletal load, discomfort/pain, and endurance/
fatigue related to working postures.

1SO/DIS 11228-1: 1998-08-00

Ergonomics — Manual handling — Part 1: Lifting and carrying
Abstract: The part of this International Standard on manual
handling establish ergonomic recommendations for different
manual handling tasks. The standard apply to such vocational
actions as manual handling. The standard specifies recommended
limits for manual lifting and carrying while taking into account
respectively the intensity, the frequency and the duration of the
task. The standard applies to manual handling of objects with a
mass of 3 kg or more.

Under preparation: Ergonomics-Manuel handling — Part 2:
Pushing and pulling
Document scope: to be defined

Under preparation: Ergonomics-manual Handling — Part 3:
Handling, at high repetition of low loads
Document scope: to be defined

Thermal Environments

ISO 7243: 1989-08-00

EN ISO 7243: 1993-12-00

Hot environments; estimation of the heat stress on working man,
based on the WBGT-index (wet bulb globe temperature)
Abstract: Gives a method, which can easily be used in an industrial
environment for evaluating the stresses on an individual. It applies
to the evaluation of the mean effect of heat on man during a
period representative of his activity but it does not apply to very
short periods, nor to zones of comfort.

ISO 7726: 1998-11-00

EN ISO 7726: 1993-12-00

Ergonomics of the thermal environment — Instruments for
measuring physical Quantities

Abstract: The document specifies the minimum characteristics
of appliances for measuring physical quantities characterizing

an environment as well as the methods for measuring the physical
quantities of this environment.

ISO 7730: 1994-12-00

EN ISO 7730: 1995-07-00

Moderate thermal environments — Determination of the PMV
and PPD indices and specification of the conditions for thermal
comfort

Abstract: The purpose is to present a method for predicting the
thermal sensation and the degree of discomfort (thermal
dissatisfaction) of people exposed to moderate thermal
environments and to specify acceptable environmental conditions
for comfort. Applies to healthy men and women and was
originally based on studies of North American and European
subjects but agrees also well with recent studies of Japanese
subjects and is expected to apply with good approximation in
most parts of the world. Applies to people exposed to indoor
environments where the aim is to attain thermal comfort, or
indoor environments where moderate deviations from comfort
occur.

ISO 8996: 1990-12-00

EN 28996: 1993-10-00

Ergonomics; determination of metabolic heat production
Abstract: Specifies methods for determining the metabolic rate,
but can also be used for other applications, e.g. for the assessment
of working practices, the cost of specific jobs or sport activities,
the total cost of activity, etc. Annexes A to G contain: classification
of metabolic rate for kinds of activities, classification of metabolic
rate by occupation, data for standard person, metabolic rate for
body posture, type of work and body motion related to work
speed, metabolic rate for typical activities, example of calculation
of the average metabolic rate for a work cycle, examples of
calculation of the metabolic rate based on measured data.

ISO 7933: 1989-07-00

Hot environments; analytical determination and interpretation
of thermal stress using calculation of required sweat rate
Abstract: Describes a method of calculating the heat balances as
well as the sweat rate that the human body should produce to
maintain this balance in equilibrium. The various terms used
show the influence of the different physical parameters. It does
not predict the physiological response of individual subjects, but
only considers standard subjects in good health and fit for the
work they perform.

EN 12515: 1997-06-00

Hot environments — Analytical determination and interpretation
of thermal stress using calculation of required sweat rate (ISO
7933: 1989, modified)

Document scope: to be defined

ISO 9886: 1992-11-00

p EN ISO 9886: 1997-06-00

Evaluation of thermal strain by physiological measurements
Abstract: Describes methods for measuring and interpreting body
core temperature, skin temperature, heart rate, and body mass
loss. Annex A presents a comparison of the different methods
concerning their field of application, their technical complexity,
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the discomfort and the risks. The measurement techniques are
described in annex B, limit values are proposed in annex C.

1SO 10551: 1995-05-00

Pr EN ISO 10551: 1997-06-00

Ergonomics of the thermal environment — Assessment of the
influence of the thermal environment using subjective judgement
scales

Abstract: Covers the construction and use of judgement scales
for use in providing reliable and comparative data on the
subjective aspects of thermal comfort or thermal stress.

1SO 11399: 1995-12-00

Pr EN ISO 11399: 1997-06-00

Ergonomics of the thermal environment — Principles and
application of relevant international standards

Abstract: Purpose is to specify information which will allow the
correct, effective and practical use of International Standards
concerned with the ergonomics of the thermal environment.
Describes the underlying principles concerning the ergonomics
of the thermal environment.

1SO/DIS 12894: 1997-01-00

Pr EN ISO 12894: 1997-01-00

Ergonomics of the thermal environment — Medical supervision
of individuals exposed to extreme hot or cold environments
Abstract: This International Standard provides guidance to those
concerned with the safety of human exposures to extreme hot or
cold thermal environments, about the medical fitness assessment
and health monitoring which may be appropriate to and during
such exposures. It is intended to assist those with responsibility
for such exposures to reach decisions about the appropriate level
of medical supervision in different situations. The standard
presents guidance that should be read and used in the context of
other guidance and legislation applying to each particular
situation.

ISO/DIS 13731: 1997-04-00

Pr EN ISO 13731: 1997-04-000

Ergonomics of the thermal environment — Vocabulary and
symbols

1SO 9920: 1995-03-00

Ergonomics of the thermal environment — Estimation of the
thermal insulation and evaporative resistance of a clothing
ensemble

Abstract: Gives methods for estimating the thermal characteristics
(resistance to dry heat loss and evaporative heat loss) in steady-
state conditions for a clothing ensemble based on values for
known garments, ensembles and textiles. Does not deal with other
effects of clothing, such as adsorption of water, buffering, tactile
comfort. Does not take into account the influence of rain and
snow on the thermal characteristics. Does not consider special
protective clothing. Does not deal with the separate insulation
on different parts of the body and discomfort due to the
asymmetry of a clothing ensemble.

ISO/TR 11079: 1993-12-00

ENV ISO 11079: 1998-01-00

Evaluation of cold environments; determination of required
clothing insulation (IREQ)

Abstract: Proposes methods and strategies to assess the thermal
stress associated with exposure to cold environments. Cold stress
is suggested to be evaluated in terms of both general cooling of
the body and local cooling of particular parts of the body (e.g.
extremities and face). The methods apply to continuous,
intermittent and occasional exposure and in both indoor and
outdoor work. Specific effects associated with certain
meteorological phenomena (e.g. precipitation) are not covered
and should be assessed by other methods.

Under preparation: Ergonomics of the thermal environment —
Medical supervision of individuals exposed to extreme hot or
cold environments

Under preparation: Ergonomics of the thermal environment —
Comfortable contact surface temperature

Under preparation: Ergonomics of the thermal environment —
Application of International Standards to the disabled; the aged
and other handicapped persons

Under preparation: Ergonomics of the thermal environment —
Assessment of the long-term thermal comfort performance of
indoor environments

Under preparation: Ergonomics of the physical environment —
Determination of the combined effect of thermal environment,
air pollution, acoustics and illumination on humans

Under preparation: Ergonomics of the thermal environment —
Working practices for cold indoor environments

Under preparation: Evaluation of the thermal environment in
vehicles

Under preparation: Ergonomics of the thermal environment —
Risk assessment of stress or discomfort in thermal working
conditions Under preparation: Principles of the visual ergonomics
— Lighting of indoor work systems

Fundamentals of Controls and Signaling
Methods

EN 894-1: 1997-02-00

ISO/DIS 9355-1: 1997-09-00

Safety of machinery — Ergonomics requirements for the design
of displays and control actuators — Part 1: General principles
for human interactions with displays and control actuators
Abstract: This document applies to the design of displays and
control actuators on work equipment, especially machines. It
specifies the relationships that have to be maintained between
the movements of control actuators, the response of any associated
displays, and the human response to information given by the
system, to minimize operator errors and to ensure an efficient
interaction between the operator and the equipment.
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EN 894-2: 1997-02-00
ISO/DIS 9355-2: 1997-09-00
Safety of machinery — Ergonomics requirements for the design
of displays and control actuators — Part 2: Displays
Abstract: This document gives recommendations on the selection,
design and location of information displays, so that they are
adapted to the requirements of the operators, and take account
of the circumstances of their use. It includes visual, audible and
tactile displays. It applies to displays used in equipment (e.g.
machines and installations, control panels, operating and
monitoring consoles) for occupational and private use.

prEN 894-3: 1992-10-00

Safety of machinery; ergonomics requirements for the design of
displays and control actuators; part 3: Control actuators
Abstract: This document gives recommendations on the selection,
design and location of control actuators so that they are adapted
to the requirements of the operators, and take account of the
circumstances of their use. It applies to manual control actuators
used in equipment for occupational and private use.

Under preparation: Safety of machinery — Ergonomics
requirements for the design of displays and control actuators —
Part 4: Location and arrangement of displays and control actuators
Document scope: This European Standard applies to the design of
displays and control actuators on machinery. It establishes general
principles for the location and arrangement of displays and control
actuators, to minimize operator errors and to ensure an efficient
interaction between the operator and the equipment. It is
particularly important to observe these principles when an
operator error may lead to injury or damage to health.

Ergonomics of Human-System Interaction

ISO 9241-1: 1997-06-00

EN ISO 9241-1: 1997-06-00

Ergonomic requirements for office work with visual display
terminals (VDT) — Part 1: General introduction

Abstract: The document introduces multipart standard on
ergonomic requirements for the use of visual display terminals
for office tasks, provides guidelines for a user-performance
approach, gives an overview of all parts of EN ISO 9241 currently
published and of the anticipated content of those in preparation
and provides some guidance on how to use EN ISO 9241. It
describes also how conformance to EN ISO 9241 should be
reported.

Under preparation: Amendment 1: Description and application
of the software parts (Part 10 to 17)

ISO 9241-2: 1992-06-00

EN ISO 9241-2: 1992-06-00

Ergonomic requirements for office work with visual display
terminals (VDT); Part 2: Guidance on task requirements
Abstract: Guidance is relevant to both the organization
implementing the system and the people using the equipment
and should be applied in accordance with local, regional or
national agreements and regulations. The objective is to enhance
the efficiency and well-being of the individual user by applying

ergonomics knowledge in the light of practical experience, to
the design of tasks. The ergonomics principles concerned are set
out in ISO 6385.

ISO 9241-3: 1992-07-00

EN ISO 9241-3: 1992-07-00

Ergonomic requirements for office work with visual display
terminals (VDT); Part 3: Visual display requirements

Abstract: Establishes image quality requirements (performance
specifications) for the design and evaluation of single- and multi-
color VDT. At present, the recommendations are based on Latin,
Cyrillic, and Greek origin alphabetic characters, and Arabic
numerals. Office tasks include such activities as data entry, text
processing, and interactive inquiry. Annex A describes analytical
techniques for predicting screen flicker, annex B an empirical
method for assessing temporal and spatial instability (flicker and
jitter) on screen, annex C a comparative user performance test
method.

Under preparation: Amendment 1: User performance test

This annex is intended for testing the visual quality of VDUs
where the entire set o