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Preface


This volume represents a major milestone in the development and dissemination 
of knowledge in the comparatively new sub-discipline of human factors or 
ergonomics that is known as macroergonomics. Macroergonomics is concerned 
with the analysis, design and evaluation of work systems. The editors have as
sembled an international array of academicians in this field—persons who have 
been contributing knowledge through research and applying macroergonomics to 
a broad spectrum of organizations. This comprehensive, advanced set of works 
follows the release of an introductory volume, Macroergonomics: An Introduc
tion to Work System Design, published by the Human Factors and Ergonomics 
Society (HFES) and authored by the editors of this volume. With the introduc
tion to the field established by HFES, the editors now seek to advance the under
standing and application of macroergonomics by assembling a group of their 
distinguished colleagues from the U.S., Europe, and Japan. 

The volume is divided into two major Parts. In Part I, macroergonomics is 
introduced. Chapter 1, by Hendrick, gives an overview of the basic concepts and 
theoretical constructs of macroergonomics. Chapter 2, presented by Brown, cov
ers the method of participation as applied in macroergonomics interventions. The 
method of assessing work system structure (Chapter 3) is presented by Hendrick. 
Chapter 4 addresses the assessment of work system processes and is presented 
by Robertson, Kleiner, and O'Neill. Hendrick then presents additional methods 
in Chapter 5. In Chapter 6, Nagamachi, using his own research as a basis, dis
cusses the relationship among job design, macroergonomics and productivity. 
Part I concludes with a chapter by Kleiner that illustrates how research methods 
can be used to empirically test and evaluate macroergonomic constructs and fac
tors for increased work system understanding. 

In Part II, chapters are presented that focus on macroergonomics applications. 
These application areas include reducing work related injuries (Chapter 8) 
presented by Imada; information and communications technology (Chapter 9) 
presented by Bradley; hazards (Chapter 10) presented by T. Smith; manufacturing 
(Chapter 11) presented by Karwowski and Salvendy, et al.; training system devel
opment (Chapter 12) presented by Robertson; large-scale organizational change 
(Chapter 13) presented by Kleiner; community planning and development (Chap
ter 14) presented by H.J. Smith and Carayon et al.; technology transfer (Chapter 
15) presented by Shahnavaz; and aviation (Chapter 16) presented by Meshkati. 
The need for macroergonomic analysis and design is realized with a discussion by 
Meshkati of macroergonomic aspects of major disasters (Chapter 17). In the final 
chapter (Chapter 18) Zink offers a vision of macroergonomics for the future. 

vn 



Viii PREFACE 

This book can be used as a text in an academic setting or can be a vital 
reference resource for the macroergonomics specialist or ergonomics generalist. 
Virtually anyone with a role of organizational intervention at the individual, 
system or organizational level can benefit from a working knowledge of 
macroergonomics. It is the hope of the editors that through this text, work sys
tems will be optimized, yielding organizations with improved worker well being 
and productivity. 



Series Foreword


With the rapid introduction of highly sophisticated computers, (tele) 
communication, service, and manufacturing systems, a major shift has occurred 
in the way people use technology and work with it. The objective of this book 
series on Human Factors and Ergonomics is to provide researchers and practi
tioners a platform where important issues related to these changes can be dis
cussed, and methods and recommendations can be presented for ensuring that 
emerging technologies provide increased productivity, quality, satisfaction, 
safety, and health in the new workplace and Information Society. 

This edited book by Hal W. Hendrick, the father of macroergonomics, and 
Brian M. Kleiner cover most effectively, in 18 chapters, the depth and breadth of 
macroergonomics. While ergonomics traditionally refers to the design of sys
tems for human use, macroergonomics extends this notion by including indus
trial and organizational psychology approaches in combination with ergonomics 
approaches. By so doing, productivity, efficiency and satisfaction should increase 
in the enterprise. 

By utilizing concepts and methods of macroergonomics as a supplement to, 
rather than as a substitute for the use of traditional ergonomics theories and 
methods, a more comprehensive approach to the design of human work as it im
pacts enterprise effectiveness may be derived than it was possible to do so before 
the mergence of macroergonomics. 

This book effectively presents this road map with concepts, theories and 
methods of macroergonomics. Thus, this book could be used both as a textbook 
and as a guide to effectively implement macroergonomics in the workplace. 

—Gavriel Salvendy 
Series Editor 
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1

An Overview


of Macroergonomics


Hal W. Hendrick 
University of Southern California 

INTRODUCTION 

This chapter provides a comprehensive overview of the subdiscipline of human 
factors or ergonomics that has come to be known as macroergonomics. Macro-
ergonomics is concerned with the analysis, design, and evaluation of work 
systems. The term work is used herein to refer to any form of human effort or ac
tivity, including recreation and leisure pursuits. As used herein, system refers to 
sociotechnical systems. These systems may be as simple as a single individual 
using a hand tool or as complex as a multinational organization. A work system 
consists of two or more persons interacting with some form of (1) job design, 
(2) hardware and/or software, (3) internal environment, (4) external environ
ment, and (5) an organizational design (i.e., the work system's structure and 
processes). Job design includes work modules, tasks, knowledge and skill 
requirements, and such factors as the degree of autonomy, identity, variety, 
meaningfulness, feedback, and opportunity for social interaction. The hardware 
typically consists of machines or tools. The internal environment consists of 
various physical parameters, such as temperature, humidity, illumination, noise, 
temperature, humidity, air quality, and vibration. It also includes psychosocial 
factors (see Chapter 3). The external environment consists of those elements that 

1 



2 HENDRICK 

permeate the organization to which the organization must be responsive to be 
successful. Included are political, cultural, and economic factors (e.g., materials 
and parts resources, customers, available labor pool, and educational resources). 
Of particular importance is the degree of stability or change of these external 
environment factors and, taken together for a given work system, the degree of 
environmental complexity they present to the organization. The organizational 
design of a work system consists of its organizational structure and the processes 
by which the work system accomplishes its functions. 

THE CONCEPT OF MACROERGONOMICS 

The Technological Context 
of Macroergonomics 
Any scientific discipline can most readily and distinctly be defined by the nature 
of its unique technology. Based on its survey of human factors/ergonomics 
internationally, the Strategic Planning Committee of the Human Factors and 
Ergonomics Society (HFES) identified the unique technology of human 
factors/ergonomics (HF/E) as human-system interface technology. Included are 
the interfaces between the people portion of systems and the other sociotechnical 
system components. As noted above, these components include jobs, hardware, 
software, internal and external environments, and work system structures and 
processes. As a science, HF/E involves the study of human performance capabil
ities, limitations, and other characteristics. These data then are used to develop 
human-system interface (HSI) technology. HSI technology takes the form of 
interface design principles, guidelines, specifications, methods, and tools. As a 
practice, HF/E professionals apply HSI technology to the design, analysis, test 
and evaluation, standardization, and control of systems. The overall goal of the 
discipline is to improve the human condition, including health, safety, comfort, 
productivity, and quality of life (Human Factors and Ergonomics Society, 1998). 

HSI technology has at least five clearly identifiable subparts, each with a related 
design focus (Hendrick, 1998; Hendrick & Kleiner, 2001). These are as follows: 

1. Human-machine interface technology or hardware ergonomics 
2. Human-environment interface technology, or environmental ergonomics 
3. Human-software interface technology, or cognitive ergonomics 
4. Human-job interface technology, or work design ergonomics 
5. Human-organization interface technology, or macroergonomics 

The first four of these technologies primarily are focused at the individual or, 
at best, subsystem level. They thus constitute the technologies of what often is 
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referred to in the literature as micro-ergonomics. The fifth is focused at the 
overall work system level and, accordingly, is the primary technology of 
macroergonomics. 

Macroergonomics 
Macroergonomics is a perspective, a methodology, and a recognized subdisci
pline of ergonomics/human factors. It is backed by empirical science. From its 
foundational research roots in the sociotechnical systems tradition to modern 
laboratory and field investigations of the sociotechnical system elements and 
their relationships, new scientific knowledge about work systems has emerged. 
Systematic macroergonomic methodologies for the analysis, design, and evalua
tion of work systems also have emerged from this research base. As a perspec
tive, macroergonomics provides the ergonomist with an appreciation for the 
larger system. It is a perspective that increases the likelihood of micro-
ergonomic interventions having a relatively greater effectiveness than otherwise 
might be the case. 

As a subdiscipline, macroergonomics is concerned with human-organization 
interface (HOI) technology. The empirical science supporting this subdiscipline is 
concerned with factors in the technological subsystem, personnel subsystem, 
external environment, and their interactions as they impact on work system 
design. This will be described and explained further in Chapter 3. As a perspective, 
certain guiding principles enlighten the ergonomist. These include participation, 
flexibility, joint optimization, joint design, system harmonization, and continuous 
improvement of processes (a principle shared with total quality management). 

Conceptually, macroergonomics may be defined as a top-down sociotechnical 
systems approach to the design of work systems, and the carry-through of the 
overall work system design to the design of the human-job, human-machine, 
and human-software interfaces (Hendrick, 1997; Hendrick & Kleiner, 2001). 

The goal of macroergonomics is to optimize the work system's design in 
terms of its sociotechnical system characteristics, and then carry the characteris
tics of the overall work system design down through to the design of individual 
jobs and human-machine and human-software interfaces to ensure a fully 
harmonized work system. As explained later in this chapter, when this goal 
is achieved, the result should be dramatic improvements in various aspects of 
organizational performance and effectiveness. 

Implementing Macroergonomics 
Although conceptually, macroergonomics is a top-down approach, in actual prac
tice, it is a top-down, bottom-up, and middle out analysis, design, and evaluation 
process. Top down, an overall general work system structure may be prescribed 
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to match the organization's sociotechnical characteristics, as described in 
Chapter 3. Middle out, an analysis of subsystems and work process can be 
assessed both up and down the hierarchy from intermediate levels, and changes 
made to ensure a harmonized work system design. Bottom up most often 
involves identification of problems by employees and lower-level supervisors 
that result from higher-level work system structural or processes design. A true 
macroergonomic intervention effort most often requires employee participation 
at all levels of the organization. Rather than being a sequential linear process, 
macroergonomic interventions often are nonlinear, stochastic, in that inferences 
and decisions often have to be derived from incomplete data, and iterative (i.e., 
design, try, evaluate, redesign, etc.). 

In actual practice, macroergonomic design rarely is a pure process; for 
example, one usually has to live with a number of existing subsystems and com
ponents. Union-management contracts, aspects of corporate culture, ongoing 
projects, and financial considerations all may serve to inhibit carrying out what 
appears to be optimally desirable from a macroergonomic design standpoint. 
In some cases, these factors may serve simply to delay implementation of some 
macroergonomic improvements. In other cases, the desired changes may never 
be possible. 

A full macroergonomic effort is most feasible under four conditions. First, 
when developing a new work system from scratch, such as when a new organiza
tion is being formed. Second, and more often the case, when a major work sys
tem change already is to take place; for example, when updating equipment or 
changing over to a new technology, or moving to a new facility. A third opportu
nity is when a major change occurs in the goals, scope, or direction of the organi
zation. A fourth situation is when the organization has a costly chronic problem 
that has not proven correctable with a purely micro-ergonomic effort, or via 
other intervention strategies. Under these conditions, management is likely to be 
receptive to a true macroergonomic intervention effort if it can be shown to have 
good promise for success. Recently, the desire to reduce lost-time accidents and 
injuries, and related costs, has led senior managers in some organizations to sup
port a true macroergonomic effort. As illustrated in Chapters 7 and 8, many of 
these efforts have achieved dramatic results. 

Frequently, a true macroergonomic intervention is not possible initially. 
Rather, the ergonomist or ergonomic team has to begin by making micro-
ergonomic improvements that yield positive results within a relatively short 
period of time (often called the "picking the low hanging fruit" strategy). When 
managers see these positive results, they become interested in supporting further 
ergonomic interventions. In the course of this process, the ergonomist has the 
opportunity to raise the consciousness level of the decision-makers about the full 
scope of ergonomics and its potential value to the organization. Over time, senior 
management comes to support progressively larger ergonomic projects that actu
ally change the nature of the work system as a whole. Based on the author's 
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intervention experiences, this process typically takes about two years from the 
time one first has completed several successful micro-ergonomic projects, and 
thus gained the confidence of the key decision-makers. 

Macroergonomics Versus Industrial 
and Organizational Psychology 
Industrial and organizational (I/O) psychology can be viewed conceptually 
as the flip side of the coin from ergonomics. Whereas ergonomics focuses on 
designing work systems to fit people, I/O psychology primarily is concerned 
with selecting people to fit work systems. This is especially true of classical 
industrial psychology—the opposite side of the coin from micro-ergonomics. 
Micro-ergonomics focuses on designing jobs, work environments, hardware, and 
software to fit individuals. In contrast, classical industrial psychology focuses on 
identifying and selecting individuals to fit jobs and work environments. 

Organizational psychology can be viewed as the opposite side of the coin 
from macroergonomics. Here, however, there is a greater overlap. Both organi
zational psychology and macroergonomics are concerned with the design of or
ganizational structures and processes, but the focus is somewhat different. In the 
case of organizational psychology, improving motivation and job satisfaction, 
developing effective incentive systems, enhancing leadership and organizational 
climate, and fostering teamwork are common objectives. While these objectives 
also are important to macroergonomics, the primary focus of macroergonomics 
is to design work systems that are compatible with an organization's sociotechni
cal system characteristics; and then to ensure that the micro-ergonomic elements 
are designed to harmonize with the overall work system structure and processes. 

Because there is an overlap of macroergonomics with organizational psychol
ogy, many of the empirically developed methods and tools of organizational psy
chology are adaptable for use in implementing macroergonomics. Adaptations of 
some of these classical methods are described in Chapter 5. 

HISTORICAL DEVELOPMENT 

The design of sociotechnical systems to optimize human-system interfaces is not 
new to human factors/ergonomics. In fact, it has been going on since the formal 
inception of human factors/ergonomics in the late 1940s. During the first three 
decades of the discipline, the focus of this design concern primarily was on 
optimizing the interface between individual operators and their immediate work 
environment, or what today often is referred to as micro-ergonomics. 

Initially this focus was labeled as man—machine interface design. As our cul
ture became more sensitive to gender issues, this focus came to be known as 
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human-machine interface design. Scientific knowledge about human capabili
ties, limitations, and other characteristics was developed and applied to the de
sign of operator controls, displays, tools, workspace arrangements, and physical 
environments to enhance health, safety, comfort, and productivity, and to mini
mize human error via design. 

The advent of the silicon chip led to the subsequent rapid development of 
computers and the automation of sociotechnical systems. With this development, 
a new subdiscipline of human factors/ergonomics emerged. It was centered on 
software design and became known as cognitive ergonomics (Dray, 1985, 1986). 
Although the primary focus still was on the individual operator, the emphasis 
was on how humans think and process information, and how to design software 
to dialog in the same manner. One impact of this new subdiscipline has been to 
increase the number of ergonomic positions in the industrialized world by 
roughly 25%. 

Select Committee on Human Factors 
Futures, 198O-2OOO 
Although various ergonomists had written about the importance of a true systems 
approach and considering organizational and management factors in ergonomics, 
the formal beginning of macroergonomics as an identifiable subdiscipline had its 
roots in the work of the Human Factors Society's Select Committee on Human 
Factors Futures, 1980-2000. In 1978, a distinguished former president of the 
Human Factors Society (HFS), Arnold Small, noted that there were many dra
matic changes occurring in all aspects of our society and its built environments. 
Arnold had become convinced that, in the coming decades, traditional human 
factors/ergonomics would not be adequate to respond to these trends effectively. 
At his urging, the HFS (now the Human Factors and Ergonomics Society) 
formed a "Select Committee on Human Factors Futures, 1980-2000." The pur
pose of this committee was to study these trends and determine their implications 
for the human factors discipline for the next two decades and beyond. Arnold 
Small was appointed chair of this committee. I was appointed to the committee 
and specifically charged to research trends related to the management and 
organization of work systems. 

In October 1980, at the HFS Annual Meeting in Los Angeles, California, the 
committee members reported on their findings. Among other things, I noted the 
following six major trends as part of my report (Hendrick, 1980). 

1. Technology. Recent breakthroughs in the development of new materials, 
microminiaturization of components, and the rapid development of new technol
ogy in the computer and telecommunications industries will fundamentally alter 
the nature of work in offices and factories during the 1980-2000 time frame. In 
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general, we were entering a true information age of automation that would pro
foundly affect work organization and related human-machine interfaces. 

2. Demographic shifts. The average age of the work populations in the indus
trialized countries of the world will increase by approximately six months for each 
passing year during the 1980s and most of the 1990s. Two major factors account 
for this "graying" of the workforce: first, the aging of the post-World War II "baby 
boom" demographic bulge that now has entered the work force; second, the 
lengthening of the average productive life span of workers because of better nutri
tion and health care. In short, during the next two decades, the workforce would 
become progressively more mature, experienced, and professionalized. 

As the organizational literature has shown (e.g., see Robbins, 1983 for a re
view published after my 1980 report), as the level of professionalism (i.e., educa
tion, training, and experience) increases, it becomes important for work systems 
to become less formalized (i.e., less controlled by standardized procedures, rules, 
and detailed job descriptions), tactical decisionmaking to become decentralized 
(i.e., delegated to the lower-level supervisors and workers), and management 
systems to accommodate similarly. 

These requirements represent profound changes to traditional bureaucratic 
work systems and related human-system interfaces. 

3. Value changes. Beginning in the mid 1960s and progressing into the 1970s, 
a fundamental shift occurred in the value systems of work forces in the United 
States and Western Europe. These value system changes and their implications 
for work systems design were noted by a number of prominent organizational 
behavior researchers, and were summarized by Argyris (1971). In particular, Ar
gyris noted that workers now both value and expect to have greater control over 
the planning and pacing of their work, greater decision-making responsibility, and 
more broadly defined jobs that enable a greater sense of both responsibility and 
accomplishment. Argyis further noted that, to the extent organizations and work 
system designs do not accommodate to these values, organizational efficiency and 
quality of performance will deteriorate. 

These value changes were further validated in the 1970s by Yankelovich 
(1979), based on extensive longitudinal studies of workforce attitudes and values 
in the United States. Yankelovich found these changes to be particularly dra
matic and strong among those workers born after the World War II. Of particular 
note from his findings was the insistence that jobs become less depersonalized 
and more meaningful. 

4. World competition. Progressively, U.S. industry is being forced to com
pete with high-quality products from Europe and Japan; and other countries, 
such as Taiwan and Korea, soon will follow. Put simply, the post-World War II 
dominance by U.S. industry is gone. In light of this increasingly competitive 
world market, the future survival of most companies will depend on their effi
ciency of operation and production of state-of-the-art products of high quality. In 
the final analysis, the primary difference between successful and unsuccessful 



8 HENDR1CK 

competitors will be the quality of the ergonomic design of their products and of 
their total work organization, and the two are likely to be interrelated. 

5. Ergonomics-based litigation. In the United States, litigation based on the 
lack of ergonomics safety design of both consumer products and the workplace 
is increasing, and awards of juries often have been high. The message from this 
litigation is clear: Managers are responsible for ensuring that adequate attention 
is given to the ergonomic design of both their products and their employees' 
work environments to ensure safety. 

One impact of this message, as well as from the competition issue, noted ear
lier, is that ergonomists are likely to find themselves functioning as true manage
ment consultants. A related implication of equal importance is that ergonomic 
education programs will need to provide academic courses in organizational the
ory, behavior, and management to prepare their students for this consultant role. 

6. Failure of traditional (micro-) ergonomics. Early attempts to incorporate 
ergonomics into the design of computer work stations and software resulted in 
improvement, but have been disappointing in terms of (a) reducing the work sys
tem productivity costs of white-collar jobs (b) improving intrinsic job satisfac
tion, and (c) reducing symptoms of high job stress. 

As I noted several years later, we had begun to realize that it was entirely pos
sible to do an outstanding job of ergonomically designing a system's compo
nents, modules, and subsystems, yet fail to reach relevant system effectiveness 
goals because of inattention to the macroergonomic design of the overall work 
system (Hendrick 1984, 1986a, 1986b). Investigations by Meshkati (1986) and 
Meshkati & Robertson (1986) of failed technology transfer projects, by Meshkati 
(1991) of major system disasters (e.g., Three Mile Island and Chernobyl nuclear 
power plants, and the Bhopal chemical plant), and by Munipov (1990) of the 
Chernobyl accident, all have resulted in similar conclusions. 

Integrating Organizational Design 
and Management Factors Into Ergonomics 
Based on the aforementioned observations, I concluded in my 1980 report that, 
for the human factors/ergonomic discipline to be truly effective, and responsive 
to the foreseeable requirements of the next two decades and beyond, there was a 
strong need to integrate organizational design and management (ODAM) factors 
into our research and practice. 

As we since have seen, these predictions from 1980 have come to pass, and are 
continuing. I believe this need to integrate ODAM factors into our research and 
practice largely accounts for the rapid growth and development of macro-
ergonomics that has occurred since. In 1984, as a direct response to the Select 
Committee's report, an ODAM technical group was formed within the Human 
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Factors Society. Similar groups also were developed in both the Japan Ergonomics 
Research Society and the Hungarian society, and less formal ODAM groups 
were formed in other ergonomics societies around the world. In 1985, based on a 
survey of the IEA Federated Societies, the International Ergonomics Association 
(IEA) formed a Science and Technology Committee comprised of eight techni
cal groups specifically requested in the survey responses. One of these eight was 
an ODAM Technical Group. This technical group since has been one of the 
lEA's most active; for example, it has helped organize six highly successful IEA 
International Symposia on Human Factors in ODAM, and plans to continue this 
activity indefinitely on a biennial basis. 

In 1988, ODAM was one of the five major themes of the 10th IEA Triennial 
Congress in Sidney, Australia, and 1 of 12 themes for the 11th Triennial Congress 
in Paris, France, in 1990. At the 12th Triennial Congress in Toronto, Canada, in 
1994, the 13th in Tempare, Finland, in 1997, and the 14th in San Diego, Califor
nia, in 2000, a major multisession symposium on Human Factors in ODAM was 
organized. For the 12th and 13th Congresses, more paper proposals were received 
on macroergonomics and ODAM than on any other topic, and it was one of the 
three largest topics in terms of papers presented at the 14th Congress. 

By 1986, conceptualization of the ergonomics of work systems had been 
developed to the point of identifying it as a separate subdiscipline. At that time, 
it became formally identified as macroergonomics (Hendrick, 1986a, 1986b). In 
1998, in response to the considerable methodology, research findings, and prac
tice experience that had developed internationally during the 1980s and 1990s, 
the Human Factors and Ergonomics Society ODAM Technical Group changed 
its name to the "Macroergonomics Technical Group" (ME TG). 

THE STRUCTURAL DIMENSIONS 
OF WORK SYSTEMS 

Earlier in this chapter, in defining macroergonomics, I noted that it is concerned 
with optimizing the structure and related processes of work systems. Accord
ingly, an understanding of macroergonomics first requires an understanding of 
the key dimensions of work system structure. As will be described in Chapter 3, 
knowledge of the specific sociotechnical characteristics of a given work system 
will guide us in macroergonomically optimizing these key dimensions of the 
work system's organizational structure. 

Before describing the dimensions of organizational structure, a few basic con
cepts need to be clarified to provide a common framework. These are the terms, 
organization and organization design. 

Organization. An organization can be defined as "the planned coordina
tion of two or more people who, functioning on a relatively continuous basis and 
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through division of labor and a hierarchy of authority, seek to achieve a common 
goal or set of goals" (Robbins, 1983, p. 5). Breaking down this definition we can 
note the following. First, the planned coordination of collective activities implies 
management. Second, because organizations are made up of more than one per
son, individual activities must be designed and functionally allocated so as to be 
complementary, balanced, harmonized, and integrated to ensure an effectively 
functioning work system. Third, because organizations accomplish their activi
ties and functions through a division of labor and a hierarchy of authority, they 
have structure. Thus, how this structure is designed is critical to the organiza-
tion's functioning and effectiveness. Fourth, because the collective activities and 
functions of an organization are oriented toward achieving a common goal, or set 
of goals, it implies that criteria for assessing an organization's design exist. 
These criteria should be identified, weighted, and utilized in evaluating alterna
tive designs for the work system. 

Organizational Design. Organizational design specifically means the de
sign of an organization's work system structure and related processes to achieve 
the organization's goals. 

The structure of a work system often is conceptualized as having three core 
dimensions: complexity, formalization, and centralization (Stevenson, 1993; 
Bedeian & Zammuto, 1991; Robbins, 1983). 

Complexity refers to the degree of differentiation and integration that exist 
within a work system's structure. Differentiation refers to the degree to which 
the work system is segmented into parts; integration refers to the number and 
types of mechanisms that are used to integrate the segmented parts for the pur
poses of communication, coordination, and control. 

Complexity: Differentiation 
Three common types of differentiation are employed in structuring work sys
tems: vertical, horizontal, and spatial. Increasing any one of the three increases a 
work system's complexity. 

Vertical Differentiation. Vertical differentiation refers to the number of 
hierarchical levels separating the chief executive position from the jobs directly 
involved with the system's output. In general, as the size of an organization 
increases, the need for greater vertical differentiation also increases (Mileti, 
Gillespie & Haas, 1977); for example, in one study, size alone accounted for 50 
to 59% of the variance (Montanari, 1976). A primary reason for this strong rela
tionship is the practical limitations of span of control. Any manager is limited in 
the number of subordinates that he or she can direct effectively (Robbins, 1983). 
As a result, as the number of first-level employees increases, the number of first-
line supervisors also must increase. This, in turn, requires more managers at each 
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successively higher level, thus requiring more hierarchical levels in the work 
system's structure. 

Although span of control limitations underlie the size-vertical differentiation 
relationship, these limitations can vary considerably, depending on a number 
of other factors; for example, depending on its sociotechnical characteristics, 
relatively larger or smaller spans of control may be appropriate. A major factor 
affecting span of control is the degree of professionalism, or education and skill 
requirements, designed into employee jobs. In general, as the level of profession
alism increases, employees are able to function more autonomously, and thus 
need less supervision. As a result, the manager can supervise a larger number of 
employees. Other factors affecting span of control are the type of technology 
employed, degree of formalization, psychosocial variables, and environmental 
characteristics. These factors and their effects on work system structure will be 
discussed in Chapter 3. 

Horizontal Differentiation. Horizontal differentiation refers to the degree 
of departmentalization and specialization within a given work system. The pri
mary reason horizontal differentiation increases complexity is because it requires 
both a greater number and more sophisticated and expensive methods of control. 
Nevertheless, specialization is common to most work systems because of the 
inherent efficiencies in the division of labor. This point was demonstrated by 
Adam Smith over 200 years ago (1970/1876). Smith observed that 10 workers, 
each doing particular tasks (job specialization), could produce about 48,000 pins 
per day. If, instead, the 10 each worked separately and independently, perform
ing all of the production tasks, they would be lucky to make 200. 

One outcome of division of labor is that it creates groups of specialists, or de
partmentalization. The most common ways of designing departments into work 
systems are on the basis of (1) simple numbers, (2) function, (3) product or 
services, (4) client or client class served, (5) process, and (6) geography. Most 
large corporations will use all six (Robbins, 1983). 

There are two commonly used ways to determine whether or not a work group 
should be divided into one or more departments. These are the degree of common
ality of (1) goals, and (2) time orientation. The more that subgroups differ either in 
goals or time orientations, the greater is the likelihood that they should be structured 
as separate departments; for example, research and development (R&D) employees 
differ from salespersons on both of these dimensions. First, the two have very dif
ferent goals: One is concerned with developing products, and the other with selling 
them. Secondly, the time orientation of sales personnel usually is short (1 year or 
less), whereas it usually is long (3 or more years) for R&D personnel. Thus, they 
clearly should be in separate departments, and usually are (Robbins, 1983). 

Spatial Dispersion. Spatial dispersion refers to the degree that an organi-
zation's activities are performed in more than one location. Three different 
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measures commonly are used to quantify the degree of spatial dispersion: (1) the 
number of geographic locations comprising the total work system, (2) the aver
age distance of the separated locations from the organization's headquarters, and 
(3) the proportion of employees in these separated units in relation to the number 
in the headquarters (Hall, Haas & Johnson, 1967). In general, increasing any of 
these three measures increases complexity. 

Complexity: Integration 
Integration refers to the number of mechanisms designed into a work system for 
ensuring communication, coordination, and control among the differentiated ele
ments. In general, as a work system increases in differentiation, the need for inte
grating mechanisms also increases. This happens because greater differentiation 
increases the number of units, levels, and departments that must communicate 
with one another, coordinate their separate activities, and be controlled for effi
cient operation. The most common types of integrating mechanisms that can be 
designed into a work system are formal rules and procedures, committees, task 
teams, liaison positions, and system integration offices. Vertical differentiation, 
in itself, is a primary integrating mechanism (i.e., a manager at one level typi
cally serves to coordinate and control the activities of several lower-level 
groups). It also should be noted that computerized information and decision sup
port systems can be designed to serve as integrating mechanisms. 

Once the differentiation aspects of a work system's structure have been 
determined, a major task for the macroergonomic professional is to work with 
the organization's personnel to determine the kinds and number of integrating 
mechanisms to design into the work system. Having too few integrating mecha
nisms will result in inadequate coordination and control among the differentiated 
elements; too many will stifle the work system's functioning and increase costs. 
As described in Chapter 3, a systematic analysis of technological and personnel 
subsystem factors, and of characteristics of the external environment, all can be 
used to help determine the optimal number and types of integrating mechanisms. 

Formalization 
From a macroergonomics perspective, formalization can be defined as the degree 
to which jobs within the work system are standardized. Highly formalized work 
systems allow for little employee discretion over what is to be done, how it is to 
be accomplished, or when it is to be done (Robbins, 1983). Highly formalized 
designs are characterized by explicit job descriptions, extensive rules, and clearly 
defined, standardized procedures covering work processes. Ergonomists serve to 
increase formalization by designing jobs, machines, and software so as to stan
dardize procedures and allow little opportunity for employee decision discretion. 
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It also is possible to design human-job, human-machine, and human-software 
interfaces ergonomically to permit greater flexibility and scope to employee de
cision making, thus creating work systems having low formalization. Employee 
behavior thus is relatively unprogrammed and the work system allows for greater 
use of employees' mental abilities. Under these conditions, greater reliance is 
placed on the employees' professionalism. 

As a general rule, the simpler and more repetitive the jobs to be designed into 
the work system, the higher should be the level of formalization; however, con
sideration should be given to not making the work system so highly formalized 
that jobs lack any intrinsic motivation, fail to utilize employee skills effectively, 
or degrade human dignity. In contrast, the more nonroutine or unpredictable the 
work tasks and related decision making, the less amenable the work system is to 
high formalization. Instead, reliance must be placed on designing jobs requiring 
a relatively high level of professionalism. In general, because they do allow for 
more autonomy and greater use of one's mental abilities, more highly profes
sionalized jobs tend to be more intrinsically motivating for growth-oriented 
employees. 

Centralization 
Centralization has to do with where formal decision making occurs within the 
work system. In highly centralized work systems, formal decision making is con
centrated in a relatively few individuals, group, or level, usually high in the orga
nization; and lower-level supervisors and employees have only minimal input 
into the decisions affecting their jobs (Robbins, 1983). In highly decentralized 
work systems, decisions are delegated downward to the lowest level having the 
necessary expertise. Highly decentralized work systems thus require lower-level 
employees to have a relatively higher level of professionalism. 

Work systems carry out two basic forms of decision making, strategic and 
tactical, and the degree of centralization often is quite different for each: Tactical 
decision making has to do with the day-to-day operation of the organization's 
business; strategic decision making concerns broader policy and long-range 
planning for the organization. When the sociotechnical characteristics of the 
organization call for low formalization and high professionalism, tactical deci
sion making may be highly decentralized, whereas strategic decision making 
may remain highly centralized. Under these conditions, there still can be less 
centralization of strategic decision making than at first appears to be the case. 
This is because the information required for strategic decision making often is 
controlled and filtered by middle management or even lower-level personnel. 
Thus, to the extent that these persons can reduce, selectively omit, summarize, or 
embellish the information that gets fed to top management, the less is the actual 
degree of centralization of strategic decision making (Hendrick, 1997). 
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As a general rule, centralization is desirable (1) when operating in a highly 
stable and predictable external environment, (2) for financial, legal, or other 
decisions which clearly can be done more efficiently when centralized, (3) when 
a comprehensive perspective is needed, (4) when the decisions have little effect 
on employees' jobs or are of little employee interest, and (5) when it provides 
significant economies. Decentralized decision making is desirable (1) when an 
organization needs to respond rapidly to changing or unpredictable conditions at 
the point where change is occurring, (2) when "grass roots" input to decisions is 
desirable, (3) to gain greater employee commitment to, and support for, deci
sions by involving employees in the process, (4) to more fully utilize the mental 
capabilities and job knowledge of employees, (5) to provide employees with 
greater intrinsic motivation, job satisfaction, and sense of self-worth, (6) when it 
can reduce stress and related health problems by giving employees greater con
trol over their work, (7) when it can avoid overtaxing a given manager's capacity 
for human information processing and decision making, and (8) to provide 
greater training opportunity for lower-level managers (Hendrick, 1997). 

MACROERGONOMIC CONSTRUCTS 

The Sociotechnical Systems Model 
Macroergonomics has its roots in sociotechnical systems theory and the 
empirical research that led to its development and refinement. This research was 
developed initially in the late 1940s and 1950s by Trist and Bamforth (1951) and 
their colleagues at the Tavistock Institute of Human Relations in the United 
Kingdom. In the United States, extensive follow-on sociotechnical systems re
search was carried out by Daniel Katz and Robert Kahn of the Survey Research 
Center at the University of Michigan, as well as by many others. This body of 
research served to confirm and refine the sociotechnical systems model of work 
systems. The classic Tavistock research that led to the initial development of 
sociotechnical systems theory, including the coining of the term "sociotechnical 
systems" by Trist and Bamforth, was on Welsh deep seam coal mining 
(DeGreene, 1973). 

The Tavistock Studies 

Prior to the 1950s the traditional way of mining coal was labor intensive. 
It consisted of teams of small, relatively autonomous groups of miners using 
hand tools. Control over the work was largely internal to the group. Each miner 
performed a variety of tasks, which were interchangeable within the group. The 
group derived considerable satisfaction from being able to complete the whole 
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task. In addition, the close group interaction enabled ample opportunity for 
satisfying social needs on the job. As a result, the psychosocial and cultural char
acteristics of the workforce, the task requirements, and the work system's design 
all were congruent. 

Following World War II, a major technological change occurred: The manual, 
or shortfall, method of coal mining was replaced by mechanical coal cutters. 
As a result, mining no longer was restricted to working a short face of coal. 
Instead, using the cutters, miners now could extract coal from a long wall. This 
new longwall method was expected to be far more efficient and less costly than 
the old manual method of extracting coal. Instead, it proved less efficient. There 
were frequent breakdowns in the process, and absenteeism and grievances 
greatly increased. The Tavistock studies revealed that the new longwall system 
resulted in a work system design that was not congruent with the psychosocial 
and cultural characteristics of the workforce. Rather than working in small work 
groups, the miners now were required to work in shifts of 10 to 20 men. Jobs 
were designed to include a very narrowly defined set of tasks, and job rotation 
was not possible. Opportunities for social interaction were severely limited. In
stead of being autonomous, there was a high degree of interdependence among 
the tasks of the three shifts; and problems carried over from one shift to the next, 
thus holding up the labor stages in the extraction process. This highly rigid work 
system design proved very sensitive to both productivity and social disruptions. 
Instead of the expected large increase in productivity, low production, absen
teeism, and intergroup rivalry became common (DeGreene, 1973). 

Follow-on studies of other coal mines were carried out by the Tavistock Insti
tute (Trist, Higgin, Murray & Pollock, 1963) in which the conventional longwall 
method was compared with a composite longwall method. The work system of 
the composite method was designed to utilize a combination of the new technol
ogy and features of the old psychosocial work structure of the manual system. 
As compared with the conventional longwall work system, the composite system 
reduced the interdependence of the shifts, increased the variety of skills utilized 
by each worker, created opportunities for satisfying social needs on the job, and 
permitted self-selection by workers of their team members. Productivity for the 
composite system was found to be significantly higher than for either the con
ventional longwall or the old manual system. Grievances, absenteeism, and other 
measures of poor morale and dissatisfaction dropped dramatically (DeGreene, 
1973). 

Based on these Tavistock Institute studies, Emery and Trist (1960) concluded 
that different organizational designs can utilize the same technology. The key is 
to select a work system design that is compatible with (1) the psychosocial and 
skill characteristics of the people who will constitute the personnel portion of the 
system and (2) the characteristics of the relevant external environment; and then 
employ the available technology in a manner that achieves congruence with 
these characteristics. 
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Joint Causation and Subsystem Optimization 

Sociotechnical systems theory views organizations as open systems engaged 
in transforming inputs into desired outcomes (DeGreene, 1973). Open means 
that the boundries of work systems are permeable and, thus, are exposed to the 
environments in which they exist. These environments enter or permeate the 
organization along with the inputs to be transformed. Environmental changes 
enter the organization primarily in three ways: through its marketing or sales 
function, through the people who work in it, and through its materials or other 
input functions (Davis, 1982). 

Organizations continually are interacting with their external environment. As 
transformation agencies, they receive inputs from their environment, transform 
these into desired outputs, and export these outputs to their environment. Organi
zations bring two critical factors to bear on this transformation process: technol
ogy in the form of a technological subsystem, and people in the form of a per
sonnel subsystem. The design of the technological subsystem primarily defines 
the tasks to be performed, whereas the design of the personnel subsystem pre
scribes the ways in which tasks are performed. These two subsystems interact 
with one another at every human-job, human-machine, and human-software 
interface. Thus, the technological and personnel subsystems are mutually inter
dependent. Both subsystems are affected by causal events in the external envi
ronment. In other words, they operate under joint causation. 

Joint causation underlies a related key sociotechnical systems concept, joint 
optimization. Because the technological and personnel subsystems respond 
jointly to causal events, optimizing one subsystem and then fitting the second to 
it results in suboptimization of the joint work system. Consequently, joint opti
mization requires the joint design of the technical and personnel subsystems in 
order to develop the best possible fit between the two, given the objectives and 
requirements of each, and of the overall work system (Davis, 1982). Inherent in 
this joint design is developing an optimal structure and related processes for the 
overall work system, given the work system's key sociotechnical characteristics. 
This will be discussed in detail in Chapters 3 and 4. 

Joint Optimization and Human-Centered 
Interface Design 

The concept of joint optimization initially may appear to conflict directly with 
that of human-centered interface design, which is central to the human factors/ 
ergonomic design philosophy. In human factors/ergonomics, we traditionally 
speak of changing the person through training, or changing the system through 
design of human-system interfaces, but in both paradigms we are designing to 
support the human. The issue, then, is whether jointly optimizing the technologi
cal and personnel subsystems compromises the human's dominant position in 
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the human-machine relationship. As envisioned by the original (nonergonomist) 
sociotechnical systems researchers and practitioners in the post-World War II 
era, the social system, including the human, had equal billing with the technical 
system—at least in theory. In practice, the sociotechnical systems movement 
sometimes has been criticized for being technology-driven. In the macro-
ergonomics subdiscipline, we engage the sociotechnical systems literature for a 
theoretical foundation. But we emphatically hold true to the notion that we 
design to support human capabilities, limitations, and other characteristics, and 
studiously avoid a technology-driven design mindset. For ergonomists, the prin
ciple of joint optimization is the avoidance of maximizing any single socio
technical system element. Maximizing the technological subsystem, such as by 
automating and giving the human the leftover functions to perform, suboptimizes 
the overall system. Maximizing the personnel subsystem, such as by designing in 
jobs requiring a high level of professionalism without consideration of the orga-
nization's technology or other sociotechnical characteristics, suboptimizes the 
overall system. Attempting to maximize the organizational design by constantly 
restructuring in the absence of a macroergonomically sound reason (e.g., for 
purely political reasons) also suboptimizes the overall system. And finally, 
maximizing the external environment by allotting too much time with external 
stakeholders at the expense of internal operations also will suboptimize the total 
system. To achieve the appropriate balance, joint optimization is operationalized 
through (a) joint design, (b) a human-centered approach to function and task 
allocation and task design, and (c) attending to the organization's sociotechnical 
characteristics. The next four chapters on macroergonomic methods offer some 
pragmatic ways to achieve jointly optimized sociotechnical work systems. 

The Sociotechnical System Elements 

The design of a work system's structure and related processes involves con
sideration of three major sociotechnical system elements that interact with one 
another and the work system's design: (1) the technological subsystem, (2) per
sonnel subsystem, and (3) relevant external environment. Each of these elements 
has been studied in relation to its effects on the various organizational design di
mensions, described later in this chapter, and empirical models have emerged. 
These models can be used as macroergonomic tools in analyzing organizations 
and developing or modifying their work system designs. Some of these models 
that have proven particularly useful to the author will be described in Chapter 3. 

Mutual Interdependence of the Elements 

One of the most consistent findings in sociotechnical systems research is that 
the four basic sociotechnical system elements are mutually interdependent. 
A change in some characteristic of one of the four elements will affect the other 
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three. Thus, if some aspect of the personnel subsystem is changed, it will impact 
on the technological subsystem, the work system's interaction with the external 
environment, and the structure and/or processes of the work system. Of critical 
importance from a macroergonomic perspective, if one does not anticipate and 
plan for these impacts on the other sociotechnical system elements, the impacts 
are likely to affect the work system in unanticipated and suboptimal ways. 

Based on assessments of over 200 organizational units in which I have been in
volved, a common observation has been the failure of managers to recognize this 
interdependence of the sociotechnical system elements. Often, I have observed 
managers perceiving a problem with some aspect of one of the sociotechnical 
system elements, then developing tunnel vision and "fixing" that specific work 
system problem. The next thing the managers experience is a series of "ripple 
effects" on the other sociotechnical system elements which, in turn, create other 
problems. Not infrequently, these other problems turn out to be greater than the 
one the manager attempted to "fix" in the first place. I recall one such case in a 
hazardous industry in which, as a direct result of the senior manager's "fix," the 
serious accident rate went from an average of one per year to over one per month! 

Relation of Macro- to Micro-Ergonomic 
Design 
As a result of defining the design characteristics of the overall work system 
through a systematic macroergonomic analysis, many of the characteristics of 
the jobs to be designed into the system, and of the related human-job, 
human-machine, and human-software interfaces, already have been prescribed. 
Some examples are as follows (Hendrick, 199la). 

1. Horizontal differentiation decisions determine the degree of specialization 
and departmentalization to be designed into the work system. These decisions 
thus prescribe how narrowly or broadly jobs are to be designed and, often, how 
they should be grouped or departmentalized. 

2. Decisions concerning the level of formalization and centralization will dic
tate the degree of routinization and employee discretion to ergonomically be de
signed into the jobs and related human-machine and human-software interfaces 
and, as a result, the level of professionalism to be designed into each job. These 
decisions also help prescribe many of the design requirements for the communi
cations and decision support systems, including what kinds of information are 
required by each position and networking requirements. 

3. Vertical differentiation decisions largely determine the number of manage
rial personnel required. When these decisions are coupled with those concerning 
horizontal differentiation, spatial dispersion, formalization, and centralization, 
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they prescribe many of the design characteristics of the managerial positions. 
These include span of control, decision authority, nature and scope of decision 
responsibility, information and decision support requirements, and qualitative 
and quantitative educational and experience requirements. 

In summary, although it is not a sequential linear process, effective macro-
ergonomic design ultimately drives much of the micro-ergonomic design of the 
work system. As a result, it insures optimal ergonomic compatibility of the system 
components with the work system's overall structure. In sociotechnical system 
terms, this approach enables joint optimization of the technological and person
nel subsystems from top to bottom throughout the organization. The result is 
harmonization of the work system's elements with its overall design and relevant 
external environment. This harmonization enables the likelihood of optimal sys
tem functioning and effectiveness, including productivity, quality, system safety, 
and employee psychosocial comfort, health, intrinsic motivation, commitment, 
and perceived high quality of work life. 

On the other hand, when a purely micro-ergonomic approach is taken—or 
more commonly, a technology-centered approach—there is a high probability of 
creating work systems in which the personnel subsystem is forced to adapt to the 
system's technology and structure in a "pounding square pegs into round holes" 
fashion. 

Starting with the previously cited classic longwall coal mining studies by the 
Tavistock Institute (Trist & Bamforth, 1951), the organizational literature is full 
of examples that show this lack of compatibility to have an adverse effect on sys
tem productivity and attendant employee job satisfaction and commitment (e.g., 
see Argyis, 1971 for a classic summary of the findings of a number of prominent 
U.S. researchers). 

It is important to note that, in actual practice, an organization, jobs, and atten
dant human-machine and human-software interfaces often already exist. As a 
result, once the design modifications to the overall work system are determined, 
the next step is to review existing jobs and related human-system interfaces 
to determine if they are congruent with it. Where they are not, decisions must 
be made on how to modify them to make them congruent. As is described in 
Chapter 2, this aspect of the macroergonomic process usually should involve 
active employee participation. 

Organizational Synergism 
Systems theorists and researchers generally agree that all complex systems are 
synergistic; that is, that the whole is more than the simple sum of its parts. Be
cause organizations are complex systems, they, too, are synergistic. Because of 
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this synergism, the following should tend to occur in our complex work systems 
(Hendrick, 1991a, 1997). 

When Work Systems Have Incompatible Designs. When either the struc
ture or processes of a work system are not compatible with its sociotechnical sys
tem characteristics, and/or the human-job, human-machine, or human-software 
interfaces are incompatible with the work system's design, the whole is less than 
the sum of its parts. Accordingly, we can expect some combination of the 
following to be relatively deficient: (1) productivity, (2) quality, (3) lost time 
accidents and injuries and adherence to safety standards and procedures, and 
(4) motivation and related aspects of job satisfaction and perceived quality of 
work life (e.g., perceived stress, psychosocial comfort, etc.). Further, these detri
ments may be greater than a simple sum of their parts would indicate. 

When Work Systems Have Compatible Designs. When a work system 
has been effectively designed macroergonomically, and that effort has been 
carried through to the micro-ergonomic design of human-job, human-machine, 
and human-software interfaces, the result should be a work system that is fully 
harmonized. When this happens, synergistic functioning can occur, and organi
zational effectiveness measures will be much greater than the simple sum of the 
parts would indicate. 

Assuming the above two theoretical propositions are true, macroergonomics 
potentially can improve virtually all measures of organizational effectiveness ex
ponentially, including productivity, scrap rates, quality, safety, health, employee 
motivation and commitment, and the perceived quality of work life. In 1991, 
I theorized that, instead of the 10 to 25% improvements in these system effec
tiveness measures that many of us have experienced from our successful micro-
ergonomic interventions, we should see improvements of 60 to 90%, or more 
(Hendrick, 199la). As documented with actual cases in Chapters 7 and 8, this 
prediction is proving to be accurate. 

PROBLEMS WITH TRADITIONAL 
WORK SYSTEM DESIGN PRACTICES 

During the past 20 or so years, I have been involved in assessing more than 200 
organizational units. Based on these assessments, I have been able to identify 
three highly interrelated work system design practices that frequently underlie 
dysfunctional work system development and modification efforts. These are 
(1) technology-centered design, (2) a "leftover" approach to function and task 
allocation, and (3) a failure to consider an organization's sociotechnical charac
teristics and integrate them into its work system design (Hendrick, 1995b). 
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Technology-Centered Design 
Designers typically try and exploit technology by incorporating it into some 
form of hardware or software to achieve some desired purpose. If those who 
must operate or maintain the hardware or software are considered, it usually is in 
terms of what skills, knowledge, and training will be required. Even these kinds 
of skills and training considerations often are not well thought through ergonom
ically. Consequently, the intrinsic motivational aspects of jobs, psychosocial 
characteristics of the workforce, and other related work system design factors 
rarely are considered. Yet, paradoxically, these are the very factors that can 
significantly improve work system effectiveness. 

When a technology-centered design approach is taken, ergonomic aspects of 
design typically are not considered until after the equipment or software already 
is designed. Then the ergonomist may be called in to modify some of the 
human-system interfaces to reduce the likelihood of human error, eliminate 
awkward postures, or improve comfort. Even this level of involvement fre
quently does not occur until testing of the newly designed system reveals serious 
human-system interface design problems. Because of cost and schedule consid
erations at this point in the design process, the ergonomist is severely limited in 
terms of making fundamental changes to improve the work system. Instead, the 
ergonomist is restricted to making a few "band aid" fixes of specific human-
machine, human-environment, or human-software interfaces. Unfortunately, the 
ultimate outcome is a suboptimal work system. 

A well-known relationship exists between when professional ergonomic input 
occurs in the design process and the value of that input in terms of system perfor
mance: The earlier the input occurs in the design process, the greater and more 
cost effective is the impact on system effectiveness. 

There is another problem with a technology-centered approach when re
designing existing work systems: Employees are not actively involved in the 
planning and implementation process. The organizational change literature fre
quently has shown that this lack of employee involvement often leads to a poorly 
designed work system. Equally important, it also can lead to a lack of commit
ment and, not infrequently, either to overt or passive-aggressive resistance to the 
changes. From my personal observations, when a technology-centered approach 
is taken, if employees are brought into the process at all, it is only after the work 
system changes have been designed. The employee's role becomes that of doing 
usability testing of the designed system. As often happens, when employees find 
serious problems with the changes, cost and schedule considerations prevent any 
major redesign to eliminate or minimize the identified deficiencies. 

Because most of the so-called re-engineering efforts of the early 1990s used a 
technology-centered approach, it is not surprising that a large majority of them 
were unsuccessful. Keidel notes that these efforts failed to address the "soft" (i.e., 
human) side of engineering and often ignored organizational effects (Keidel, 1994). 
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"Leftover" Approach to Function 
and Task Allocation 
When a technology-centered approach is taken, it often leads to treating the 
persons who will operate and maintain the system as impersonal components. 
The focus is on assigning to the "machine" any functions or tasks that its tech
nology will enable it to perform. Then, what is leftover is assigned to the people 
components to perform. Consequently, the function and task allocation process 
fails to consider the characteristics of the workforce and the nature of the rele
vant external environment. The consequence often is a poorly designed work 
system that fails to make effective use of its human resources. A good early 
example of this was the implementation of the longwall coal mining system, 
cited previously (Trist & Bamforth, 1951). 

As noted earlier, effective work system design requires joint design of the 
technical and personnel subsystems (DeGreene, 1973). Put in ergonomic terms, 
joint optimization requires a human-centered approach. With respect to function 
and task allocation, Bailey (1989) refers to it as a humanized task approach. He 
notes that 

this concept essentially means that the ultimate concern is to design a job that justi
fies using a person, rather than a job that merely can be done by a human. With this 
approach, functions are allocated and the resulting tasks are designed to make full 
use of human skills and to compensate for human limitations. The nature of the 
work itself should lend itself to internal motivational influences. The leftover func
tions are allocated to computers, (p. 190) 

Failure to Consider the System's 
Sociotechnical Characteristics 
As was noted earlier, the sociotechnical systems literature identifies four major 
characteristics or elements of work systems: (1) the technological subsystem, 
(2) the personnel subsystem, (3) the external environment, and (4) organizational 
design. The sociotechnical systems literature further documents that these four 
elements interact with one another, so a change in any one affects the other three 
(and, if not planned for, often in dysfunctional or unanticipated ways). Conse
quently, the characteristics of each of the first three elements affect the fourth: 
the organizational design of the work system. As will be described in Chapter 3, 
empirical models of these relationships have been developed that can be used to 
determine an effective work system structure. 

As was first documented by the Tavistock studies over four decades ago 
(Emory & Trist, 1960; Trist & Bamforth, 1951), a technology-centered approach 
to the organizational design of work systems does not adequately consider the 
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key characteristics of the other three sociotechnical system elements. Not 
surprisingly, a suboptimal work system design often is the result. 

Criteria for an Effective Work System 
Design Approach 
Based on these observations, several criteria can be gleaned for selecting an 
effective work system design approach (Hendrick, 1995b). 

1. Joint design. The design approach should be human centered. Instead of de
signing the technological subsystem and requiring the personnel subsystem 
to conform to it, the approach should require design of the personnel subsys
tem jointly with the technological subsystem. Further, the approach should 
allow for extensive employee participation throughout the design process. 

2. Humanized task approach. The function and task allocation process first 
should consider whether there is a need for a human to perform a given 
function or task before making the allocation to humans or machines. 

3. Integrate the organization's sociotechnical characteristics into the design. 
The approach should systematically evaluate the organization's key so
ciotechnical system characteristics, and then integrate them into the work 
system's design. 

Macroergonomics is an approach that meets all three of these criteria. As was 
noted earlier, conceptually, macroergonomics is a top-down sociotechnical 
systems approach to work system design, and the carry-through of the over-all 
work system design characteristics to the design of human-job, human-machine, 
and human-software interfaces. As will be described later, it is a top-down 
sociotechnical systems approach in that it begins with an analysis of the relevant 
sociotechnical system variables and then systematically utilizes these data in de
signing the work system's structure (Chapter 3) and related processes (Chapter 4). 
Macroergonomics is human-centered in that it systematically considers the 
worker's professional and psychosocial characteristics in designing the work 
system; and then carries the work system design's characteristics through to the 
ergonomic design of specific jobs and related hardware and software interfaces. 
Integral to this human-centered design process is joint design of the technical 
and personnel subsystems, using a humanized task approach in allocating 
functions and tasks. As will be described in the next chapter, and illustrated by 
an actual case in Chapter 8, a primary methodology of macroergonomics is 
participatory ergonomics. It is a methodology that involves employees at all 
organizational levels in the design process. In spite of its young age as a formally 
identifiable subdiscipline, I believe it is because it does meet these criteria that 
macroergonomics has enjoyed its considerable successes. 
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INTRODUCTION 

This chapter is concerned with participation and participatory practices as the 
principal methodology in the design and analysis of work systems. Several 
closely related terms and concepts, such as participation, participatory ergonom
ics, employee involvement, stakeholder commitment, participative management, 
and various other participatory approaches appear throughout wide-ranging liter
ature in the fields of ergonomics, psychology, and management, and are often 
used interchangeably. Cotton (1993), for example, uses the term "employee 
involvement" in a broad sense, and defines it as "a participative process to use 
the entire capacity of workers, designed to encourage employee commitment to 
organizational success" (p. 3). He points out that it is not a true unitary scientific 
concept, but rather a useful catchall term for a variety of approaches, all of which 
employ participative techniques. The principal problem appears to be that each 
approach to employee involvement seems to be studied in isolation. It is possible 
to compare and contrast them, but not to test them comparatively (Cotton, 1993). 

With respect to participation as a macroergonomic method, then, I propose 
that participatory ergonomics be regarded as an approach to employee involve
ment that is concerned with ergonomic design and analysis. From this point of 

25 



26 BROWN 

view, participatory ergonomics is an approach or scheme that belongs in the 
catchall category noted above and fits the definition given by Cotton. One may 
thus infer that participatory ergonomics is the involvement approach unique to 
the field of ergonomics (and the subdiscipline of macroergonomics). 

This chapter begins with a comprehensive examination of the background, 
history, and context of the wide-ranging area of worker participation and involve
ment. A theory of participation is presented, and several typologies (or forms) of 
participative approaches to employee involvement are discussed. The emphasis 
then turns to the concept of participatory ergonomics as the involvement ap
proach that is unique to ergonomics. Requirements for participatory ergonomics 
are identified which include the dimensions of participatory ergonomics, a gen
eral framework for structuring participatory initiatives, and a discussion of the 
process. Finally, some applications of participatory ergonomics and critical 
requirements in the implementation of participatory ergonomics are presented. 

Background 
Participation is certainly not a new concept. For many years the literature has re
flected concern with topics such as better worker relations, more supportive su
pervision, and more meaningful and interesting work. In the United States, early 
proponents of increased participation came from the human relations school of 
psychology (Argyris, 1957; Likert, 1961; McGregor, 1960) which evolved in re
action to Taylor's Scientific Management. Human growth and fulfillment were 
viewed as a desirable outcome of participation. However, this normative view 
was not supported by empirical research except for a few field studies which 
seemed to support the premise that employee acceptance, understanding, and im
plementation of decisions were enhanced by participating in the decision. It thus 
appeared that the results of early research on participation were equivocal, that 
advocates of participation were biased, and that the research methodologies were 
seriously flawed (Locke & Schweiger, 1979). 

These early concerns unfortunately did not have much of an effect on how 
managers performed their duties and how organizations were managed. However, 
many organizational practitioners took participation to the field in the belief that 
society not only ought to attend to both economic and productivity aspects, but 
also to the quality of work life that organizations offered to employees. At the 
same time, a growing body of literature began to suggest that job characteristics 
such as autonomy, task significance, and experienced meaningfulness of one's 
work were related to motivation and job performance (Hackman & Lawler, 1971; 
Lawler, 1986). There was also growing recognition that involvement in the 
process of change is critical to the acceptance and institutionalization of change. 
Today, change is everywhere: many managers and organizations are now practic
ing what has been advocated for years. New organizational philosophies have 
emerged that are designed, developed, and operated with the participation of the 
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employees involved. Employees are recognized by the organization as valuable 
resources for problem solving and for the design, development, and implementa
tion of technology to enhance organizational effectiveness, improve product qual
ity, and the overall quality of work life (Brown, 1993b). 

History 
During the first half of the last century the United States was at the peak of its 
economic growth and power. Little change occurred because there was no real 
need to change. Historically, American organizations achieved profits through a 
strategy of growth. This served them well for many years, but the way business 
is done today has changed drastically and permanently. Because growth is no 
longer assured, profit must now be realized through both quality and productiv
ity. Many of the largest organizations in America have lost markets and have 
suffered due to losses in productivity, poor product quality, and a lack of innova
tion (Brown, 1993b). 

A principal reason for this poor performance has been the concentration of 
power at top levels of management (Lawler, 1986). Concentration of knowledge 
and information at top levels and absolute control of reward systems serve to ex
acerbate the problem. Add in the turbulent environments of today's market con
ditions, foreign competition, the new composition of the workforce, and rapidly 
changing societal values, and one finds very powerful forces that argue for 
change in organizational philosophies, strategies, and management practices. 
This, in turn, calls out for organizationwide programs of change to provide the 
opportunity for employees to participate actively in the activities and decisions 
that directly affect them. 

Context 
A great amount of empirical research has been compiled that shows when, where, 
and how to implement participative practices. Organizations must become more 
aware of the tools and techniques available, and they must understand the strengths 
and weaknesses of different applications and forms of participation. Informed 
choice is necessary in order to employ participatory techniques effectively. Critical 
to such informed choice are the professional skills and knowledge of the ergono
mist as well as those of the worker. 

In the real world, no single approach that is participatory in nature is univer
sally effective: a contingency approach is preferred. Underlying a contingency 
model are the assumptions that no single approach will be effective under all cir
cumstances, and that most participatory approaches in use today will be effective 
only under a particular set of conditions (Brown, 1993b). Cohen (1996) identifies 
several "shaping factors" that should be considered in deciding what type of 
participation is appropriate in a given context. And then, of course, there are 
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situations in which a participatory approach is unfeasible or inappropriate. 
Neumann (1989), for example, has observed that some organizations may not be 
suited to participatory approaches and that some people may not wish to partici
pate because of deeply held beliefs. 

THE THEORY OF PARTICIPATION 

Economic Perspective 
Neoclassical economic theory holds that the decision-making rights of an organi
zation are vested in its owners. The owners delegate some of their rights to ap
pointed agents (or managers) to act on their behalf. A basic problem for the 
owner is how to develop an incentive contract for the managers so that they will 
use their superior access to information to act in the owners' best interests. This 
incentive problem leads to so-called agency costs—costs the owners incur in 
order to motivate managers to act on their behalf, and the reduction in value of 
the firm resulting from imperfections in the motivational arrangements adopted. 

From an agency perspective, delegation of decision-making rights by man
agers to the worker may well have negative effects on organizational perfor
mance from the owners' point of view. Agency theory holds that as the number 
of decision-makers or agents increases, the costs of monitoring performance in
crease. Further, an organization's residual loss is likely to be greater if the dele
gation of decision-making rights is accompanied by some form of profit sharing 
to motivate the participating employees. Hence, an agency framework leads to 
the conclusion that participatory arrangements are inevitably inefficient (Levine & 
Tyson, 1990). 

On the other hand, if employees have knowledge that the managers lack about 
the workplace or the technology, then participatory approaches that motivate 
workers to use that knowledge or communicate it to the managers can improve 
organizational performance. Quality circles and work team production tech
niques are the two types of participation most likely to have such effects. The 
link is that of information—such participation leads to an increase in productiv
ity because it enhances the use and flow of information in the organization 
(Brown, 1993a; Levine & Tyson, 1990). 

Behavioral Perspective 
As previously stated, early arguments for increased participation came from the 
human relations school of psychology and have since been reinforced by re
searchers such as Hackman and Lawler (1971), Lawler (1986, 1992, 1996), and 
Mohrman (1982). Quality of work life research in the 1970s and 1980s also 
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should be mentioned in this context (Brown, 1986). A growing body of literature 
indicated the value of participation, involvement, commitment, autonomy, the 
meaningfulness of work, and ownership in problem solving and decision making 
(Brown, 199 la, 1994a). 

A complementary link between participatory practices and cooperative be
havior has been advocated by some researchers, focusing on the effects of partic
ipation on factors such as employee commitment to organizational objectives, 
trust in the organization's managers, and a sense of good will towards one's 
coworkers. Yet another connection, between performance and participation, may 
be that increased trust, commitment, and good will resulting from employee par
ticipation may increase job satisfaction and thus reduce the disutility of effort: 
these effects, in turn, may lead to greater effort and improved performance 
(Deci, 1975). 

EMPIRICAL RESEARCH 
ON EMPLOYEE PARTICIPATION 

Two contextual factors in particular influence the impact of participation: form 
and methodology (Cotton, 1993). There seems to be a basic problem with partic
ipation research with respect to these contextual variables. Locke and Schweiger 
(1979), in what is perhaps the best known review of worker participation, and 
Leana, Locke, and Schweiger (1990) focused on the methodologies used in the 
studies they reviewed. Cotton, Vollrath, Froggatt, Lengnick-Hall, and Jennings 
(1988) and Cotton, Vollrath, Lengnick-Hall, and Froggatt (1990) focused on the 
type or form of participation in their reviews. The enigma arises from the fact 
that studies that examine the most powerful forms of employee participation are 
also the studies that tend to include factors in addition to participation and there
fore have the weakest methodologies. 

A debate has since evolved with respect to these contextual factors. The un
fortunate fact is that form and methodology are correlated, and neither side may 
thus prove it is right. Leana, et al. (1990) argued that positive results of employee 
participation were due to looser research methodology, while Cotton, et al. 
(1988, 1990) argued that positive results were due to the form of participation. 
This debate serves to point up what may be the fundamental problem in research 
on participation: There is no single form of participation. Many studies use in
dices of participation that encompass a wide range of participatory approaches 
(Brown, 1993a). Finally, there are many diverse forms of participation, each 
with its own issues and results (Cotton, 1993). 

A second basic problem noted in the literature is that very few empirical stud
ies provide quantitative assessments of the effects of participation on productivity 
(Brown, 1993a). However, there is a large body of empirically derived literature 
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that examines how participatory arrangements affect more easily defined and 
measured outcomes such as absenteeism, turnover, and job satisfaction. The re
sults have been consistently more favorable for such measures (Brown, 1993a). 

Another problem that arises in research on participation is that many studies 
use indices of participation encompassing a wide range of participatory ap
proaches which may mask or confound the effects of any one particular form of 
participation. Further, participatory arrangements are often confounded with 
other changes in the workplace such as changes in technology, changes in re
ward structures, more training, and a myriad of other interventions. Most studies 
do not distinguish effects of the participatory arrangements from effects of the 
other changes (Brown, 1993a). 

APPROACHES TO PARTICIPATION: 
TYPOLOGIES 

An examination of suggested approaches to participation reveals at least three 
different approaches to participatory arrangements, all of which are designed to 
encourage employee participation even though they result in very different types 
of involvement. An organization that is interested in adoption of some form of 
worker participation and involvement should be aware of the differences be
tween these approaches and select the approach that offers the best fit with the 
organization (Brown, 1994b; Lawler, 1991). It should be noted that the concept 
of fit is an extremely important concept in the literature on organizational design. 
Major elements that need to "fit" are organizational structure, reward systems, 
information processes, the technology, and the people (Lawler, 1992). Organiza
tional structure is critical in determining how involvement oriented the organiza
tion can and should be. Lawler believes some organizational designs make it 
virtually impossible to create an involvement-oriented organization, while other 
designs almost demand an organization be involvement oriented. 

The three major approaches to participation are parallel suggestion involve
ment (consultative participation): job involvement (substantive participation): 
and high involvement (Brown, 1994b; Lawler, 1991). A fourth approach, repre
sentative participation, may also be employed. Basically, these approaches differ 
in the degree to which they propose that information about (1) organizational 
performance, (2) worker knowledge, (3) the reward system, and (4) the power to 
act and reach decisions that influence organizational policies and practices 
should be moved to the lowest possible level of the organization. These key fea
tures are also a useful way to consider fit among various parts of the organization 
in terms of how the parts affect them (Lawler, 1992). 

When these four features are moved downward in the organization, employee 
participation and involvement is being practiced: the high involvement approach 
does the most to move them downward; the parallel suggestion involvement 
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approach does the least. Simply put, there is no more fundamental change in an 
organization than to move information, knowledge, rewards, and power to lower 
levels: this is the very essence of participation and involvement (Brown, 1995b). 
It serves to alter the basic nature of the work itself and directly affects the job of 
every employee through enablement and empowerment (Brown, 1993b). And, in 
turn, it impacts directly on effectiveness of the whole organization. 

Parallel Suggestion Involvement 
In this approach, employees are asked to solve problems and produce ideas that 
will influence the operation of the organization. Such programs are a parallel 
structure to normal work relationships because they place people in a separate 
new structure or situation that operates differently from traditional organiza
tional structure. Basically, suggestion involvement programs serve to alter the 
relationship between organization and worker. Research suggests that this ap
proach can lead to improvement in organizational performance and job satisfac
tion, and that it may give workers the opportunity to influence things they would 
not normally influence. It is, however, expensive and it is difficult to maintain 
momentum using this approach due to resistance by middle management (paral
lel structures may be perceived as a threat to their power) and the lack of exper
tise to solve complex problems (Brown, 1994b, 1995b; Lawler, 1991). 

Quality Circles. Quality circles are a popular approach to suggestion 
involvement and may even be part of a larger quality program. Circles are volun
tary groups whose basic purpose is to improve product quality through sugges
tions about product quality or work methods. They have no formal authority and 
no financial rewards are given. They are a parallel structure to the traditional 
organization. Day-to-day activities thus remain intact and pose no real threat to 
the basic management structure. They are a formal program of direct face-to-face 
participation with a moderate level of influence (Brown, 1993b). Research find
ings are, at best, mixed. Anecdotal evidence is relatively positive, but careful 
research is less optimistic (Cotton, 1993). A large number of circles fail early, 
and the greatest period of success is between 6 and 18 months (Griffin, 1988). 

Quality of Work Life Programs. A quality of work life program is an
other suggestion involvement scheme. Of all the many approaches to employee 
participation, quality of work life (QWL) is the most difficult to define because it 
means so many different things to different people (Brown, 1986). Because of 
the problems of multiple definition, many researchers focus on QWL as a joint 
labor-management program aimed at increasing worker participation. It differs 
from employee problem solving in that it recognizes the need to bring two 
sometimes adversarial groups together to identify areas of mutual concern 
(Brown, 1993b). It usually employs a parallel structure that exists at multiple 
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organizational levels from top to bottom. On the whole, case studies indicate 
that QWL programs tend to improve labor-management relations and product 
quality, but there is little evidence of increased productivity as a result of such 
programs (Cotton, 1993). 

Job Involvement 
Job involvement approaches focus on the design of work in ways that motivate 
better performance on the job. The job involvement approach has significant im
plications for how the organization is structured and managed. Essentially, indi
viduals are given new skills and knowledge, new feedback, additional decisions 
to make, and may even be rewarded differently (Lawler, 1991). 

The job involvement approach represents a major change in the basic opera
tions of the organization. People at the lowest levels get new information, skills, 
power, and may be rewarded differently. The new information, knowledge, 
power, and rewards relate to particular work tasks. Typically, the job involve
ment approach does not have to do with the structure and operation of the entire 
organization. Job involvement differs from parallel suggestion approaches in that 
the daily work activities of all people are affected: it is the standard way in which 
the organization conducts its business (Lawler, 1991). 

Job Enrichment. Job enrichment, a micro approach to job design, is one 
job involvement strategy. Job enrichment attempts to make individual jobs more 
interesting and challenging, and focuses on creating individual tasks which pro
vide feedback to the worker: it also increases workers' influence over how the 
work is performed, requires them to employ a variety of skills, and gives them a 
complete piece of work to perform by increasing critical job dimensions such as 
autonomy and task identity (Hackman & Oldham, 1980). Job enrichment does 
not eliminate any levels of management (desirable though that may be). It does 
not create a parallel structure, but rather it makes changes in the way work is 
performed. For this very reason it may make a more powerful and dramatic 
change (Brown, 1993b). Further, because of its micro focus, several of the other 
participatory approaches typically include job enrichment in their programs 
(Cotton, 1993). 

Research on job enrichment is more extensive and more rigorous than that for 
any other major participatory approach. Job enrichment enjoys major theoretical 
models which have stimulated research. Empirical studies and reviews have 
indicated that enriched jobs serve to increase the incumbent's job satisfaction 
(Cotton, 1993). In particular, quality improves because when people are respon
sible for the work they do, they are more motivated to produce a high-quality 
product (Lawler, 1992). Improvements in performance may also happen with 
job enrichment, but they are much less positive, and empirical research results 
are mixed (Brown, 1993b). This finding should not be too surprising. Should 
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performance improve just because a job is made more interesting or has more re
sponsibility? Any relationship between performance and enrichment is probably 
complex and nonlinear (Schwab & Cummings, 1976). 

Further, individual differences such as a desire for enrichment or growth need 
strength have proven to be moderators of the relationship between job satisfac
tion and job enrichment (Hackman & Oldham, 1980). It would seem that the 
ability or skills to perform the enriched job would also appear to be a necessary 
requirement! 

Self-Directed Work Teams. An increasingly popular job involvement ap
proach to participation is that of the self-directed work team (also called au
tonomous or semiautonomous work groups). The early history of work teams is 
decidedly European, and the concept is deeply imbedded in the sociotechnical 
systems approach to the design of work (Emery & Trist, 1960; Trist, 1981). Self-
directed work teams involve a formal system of direct employee participation 
and a high degree of control (Cotton, 1993). The work team is empowered to 
make decisions concerning daily work operations that would normally be made 
by a manager. They perform much like individual job enrichment programs in 
the effects they have on the organization. Depending on their degree of auton
omy, work teams may move considerable power, knowledge, and information to 
the lowest organizational levels. They make an important difference in the 
participative structure of the organization. Work teams may gain the power, 
knowledge, and information that workers at lower levels do not enjoy in tradi
tional organizations (Lawler, 1986, 1992). 

There are certain distinctive characteristics inherent in work teams. They are 
designed so that the task for which they are responsible comprises a whole, 
meaningful piece of work. Typically, team members are cross-trained to perform 
most (if not all) tasks within the team's area of responsibility. To feel responsible 
for their work, teams must make the important decisions concerning how the 
work is to be performed: they must feel that they are in control of the work 
process (Hackman, 1989). Two kinds of training are critical to work teams: 
extensive technical training, as well as training in team and interpersonal skills. 
Similar to job enrichment, work teams are most effective when their members 
are individuals who desire challenging and complex work (Hackman & Oldham, 
1980). 

Implementation issues are an important consideration with the use of self-
directed work teams because the organization must make major changes which 
require the support of both worker and management to be successful. Problems 
encountered in implementing work teams include inadequate training for all 
team members, resistance of lower- and middle-level managers, and lack of 
support from top management. Self-directed work teams are an extreme example 
of moving direct daily decision making to the lowest organizational levels 
(Brown, 1995a). Thus they are probably one of the most difficult changes from a 
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traditional organizational structure (Cotton, 1993). On the other hand, work 
teams would seem to be one of the more effective approaches in the develop
ment and implementation of technology through participatory ergonomics 
(Brown, 1993b). 

Research results for self-directed work teams are somewhat similar to those 
for job enrichment. Team members have a high concern for quality and usually 
have the information and knowledge to make meaningful improvements in the 
quality of their services or products (Lawler, 1992). In a summary of 156 studies 
that examined self-directed work teams, Cotton (1993) found that the vast major
ity achieved positive results: just 6 results were negative and 17 null with respect 
to outcome variables. This review indicates that work team do have positive ef
fects, but it does not suggest what is required for success. Organizations that 
have implemented self-directed work teams have generally found them to be an 
effective participatory approach to improve quality, job satisfaction, commit
ment, and organizational effectiveness (Brown, 1993b). 

High Involvement 
The high involvement or "commitment" approach builds on what we have learned 
from the parallel suggestion and job involvement approaches. This scheme struc
tures an organization such that those at the lowest levels will have a sense of in
volvement, not just in how well they perform their jobs or how effectively their 
work team performs, but in terms of the total performance of the entire organiza
tion (Brown, 1994b). High involvement goes much further than either of the other 
approaches in moving knowledge, information, rewards, and power to the lowest 
levels of the organization. The high involvement approach can create an organiza
tion in which employees genuinely care about the performance of their organiza
tion because they know about it, are able to influence it, are rewarded for it, and 
enjoy the knowledge and skills to contribute to it (Lawler, 1991). 

A high involvement approach argues for consistent and continuing change in 
just about every part of an organization. Workers must be involved in decisions 
about their jobs and work activities. The implications for job design and redesign 
and methodologies for work station design are relatively clear. However, work
ers should also be empowered to play a role in decisions concerning organiza
tional structure, strategy, and other such major decisions. This would appear to 
argue for structures with fewer vertical levels and wider spans of control. Re
wards, in turn, should be based on the performance of the entire organization, but 
individuals also need to be rewarded for their contributions. It would thus seem 
that skill-based pay for every individual is warranted. In turn, this requires ex
panded training programs for both technical training as well as for interpersonal 
and team skills (Brown, 1994b). 

All members of the organization must acquire expertise in problem analysis, 
decision making, group process, and self-management. It is most important in a 



 35 2. MACROERGQNOM1C METHODS: PARTICIPATION

high involvement approach that information systems operate effectively both 
horizontally and vertically so that every member of the organization has access 
to operating data which will inform them of how the work is being performed 
and allow them to make decisions that directly affect or impact their work. A 
new technology, for example, might require a task analysis, job or work station 
redesign, or work restructuring which the worker might be empowered to do. 
Without the necessary information, the worker may not be enabled to make the 
required changes (Brown, 1994b). 

Creating a high involvement organization is clearly a more complicated and 
quite different task than is implementing a parallel suggestion or job involvement 
program. Almost every feature of a mechanistic, bureaucratic, control-oriented 
organization must be redesigned. Design innovations may even be required simply 
because the right approaches are not developed and available (Lawler, 1991). 

One should always remember that no single involvement approach that em
ploys participatory techniques will be universally effective. As stated earlier, a 
contingency model is deemed appropriate when one is attempting to implement 
any program of worker participation. An organization that espouses and fosters 
high involvement practices calls for the enablement and empowerment of every 
individual from the highest to the lowest organizational levels. And, if the orga
nization is involved with complex technologies that call for complex knowledge 
and that require many interdependent work relationships, high involvement 
ergonomics would seem to be the proper contingency approach to employee 
participation (Brown, 1994b; Lawler, 1992). 

Representative Participation 
A fourth participatory approach, representative participation, is a form of indi
rect employee involvement. This approach includes worker councils, joint 
labor-management committees, and employee representation on boards of direc
tors (Brown, 1993a). It is much more common in Europe than in the United 
States and has typically been achieved through national legislation. By the 1980s 
almost every nation in Western Europe had some type of legislation requiring 
works councils, board representatives, or both. In fact, representative participa
tion is the most widely legislated form of employee participation and involve
ment around the world. In the United States, however, having workers or worker 
representatives on a board of directors (except for union leaders) is considered a 
strange concept at best (Cotton, 1993). 

Dachler and Wilpert (1978) have categorized this approach as "indirect 
participation" in their theoretical model of dimensions to describe types of em
ployee involvement. In this form of participation, most employees do not 
directly participate. Instead, they elect or are represented by a small group of 
employees who actually do participate in decisions that can range from daily 
issues to organizational policy issues. However, research on various forms of 
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representative participation has not demonstrated many positive effects. 
Although it would seem to be a powerful type of employee involvement, there 
are few indications that representative participation has an impact on the organi
zation or its employees. The evidence suggests that management still dominates: 
equal participation does not mean equal influence in decision making. And even 
if employee influence is increased, there is no evidence that any positive effects 
filter down to individual employees. The greatest value of representative partici
pation would therefore seem to be symbolic (Cotton, 1993). It likely will never 
achieve the positive results associated with the other approaches to participation. 

THE CONCEPT OF PARTICIPATORY 
ERGONOMICS 

Participatory ergonomics as a concept has been defined in several differing but 
complementary ways. As Wilson and Raines (1997) point out, participatory er
gonomics (and participation) may be regarded as a philosophy, an approach or 
strategy, a program, or a set of tools and techniques. Imada (1991a) defines it as 
a macroergonomic approach to the implementation of technology in organiza
tional systems that requires end users to be highly involved in developing and 
in implementing the technology. Brown (1993b) views participatory ergonomics 
as an emerging new organizational philosophy designed, developed, and oper
ated with the participation of the employees involved. Nagamachi (1995) sees 
participatory ergonomics as active involvement by workers in complementary 
ergonomic knowledge and procedures in the workplace. 

Clearly, participatory ergonomics is a complex concept which involves a 
number of different dimensions (Haines & Wilson, 1998). There is no consensus 
or general agreement about what the term actually means. Wilson (1995) has de
rived a working definition of participatory ergonomics as: "The involvement of 
people in planning and controlling a significant amount of their own work activi
ties, with sufficient knowledge and power to influence both processes and out
comes in order to achieve desirable goals" (p. 37). And as Hendrick and Kleiner 
(2001) observe, when the participation or involvement involves ergonomic de
sign and analysis, employee involvement may be said to constitute participatory 
ergonomics. This position is in agreement with that proposed in the introduction 
to this chapter: that is, participatory ergonomics is an approach to employee in
volvement that is unique to the field of ergonomics. 

Whatever the definition, it is quite evident that participatory ergonomics is the 
principal and most often used methodology in the optimization of organizational 
and work system design. Wilson and Haines (1997) observe that since 1985 each 
successive Congress of the International Ergonomics Association has had an 
increased number of papers and sessions presented on the topic of participatory 
ergonomics, and that Ergonomics Abstracts also shows a marked increase. 
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Hendrick (1997) states that the most widely used methodology in macroer
gonomic analysis and organizational design interventions is participatory 
ergonomics. Finally, an analysis of the content of the proceedings volumes for a 
series of six international symposia entitled, "Human Factors in Organizational 
Design and Management" (Bradley & Hendrick, 1994; Brown & Hendrick, 
1986; Brown & Hendrick, 1996; Hendrick & Brown, 1984; Noro & Brown, 1990; 
Vink, Koningsveld & Dhondt, 1998) reveals that participatory ergonomics was 
the most widely used methodology employed by the authors of the studies and 
applications therein. 

A CONCEPTUAL FRAMEWORK 

Dimensions of Employee Involvement 
Following the general approach taken to participation in this chapter, from the 
broader concept of worker involvement to the more specific concept of participa
tory ergonomics, it is appropriate here to consider the model proposed by 
Dachler and Wilpert (1978) which identifies the dimensions that may be used to 
describe the properties of employee involvement. They proposed five general 
dimensions: formal-informal, direct-indirect, level of access, content of involve
ment issues, and social range of the involvement (Dachler & Wilpert, 1978). 

Formal-Informal. Formal involvement refers to a "system of rules . . . 
imposed on or granted to the organization" (Dachler & Wilpert, 1978, p. 10). 
Informal involvement is a consensus that arises in a casual way. A quality circle 
program or a work team would be formal forms of involvement, whereas a 
supervisor who casually allows workers to make decisions about how work is 
done would be informal involvement. 

Direct-Indirect. Direct involvement refers to "immediate personal in
volvement of organizational members" (Dachler & Wilpert, 1978, p. 12), a one-
on-one involvement with immediate and personal impact. Indirect involvement 
involves some kind of worker representation in which the worker's representa
tive is involved. Quality circle programs exemplify direct involvement, while a 
worker council would be indirect involvement. 

Level of Access. This refers to the amount of influence that organizational 
members can exert while making a decision. It is a continuum of access from no 
advance information given to employees to a decision completely in the hands of 
employees. 

Content of the Issues. Even though most employee involvement programs 
focus on issues and decisions directly related to one's work, this is not always 
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true; for example, workers may make suggestions about aspects of work or 
policy issues not necessarily related to one's job responsibilities. 

Social Range of Involvement. This dimension refers to who is involved. 
It may also refer to whether involvement is on an individual or group level. 

These dimensions may be used to describe and categorize various forms of 
employee involvement, and there are many possible combinations. 

Dimensions of Participatory Ergonomics 
As stated earlier, participatory ergonomics is a complex concept, and there is no 
consensus about what the term actually means. Participatory ergonomics initia
tives can take a wide variety of forms. Haines and Wilson (1998) have identified 
some of the dimensions across which participatory ergonomic initiatives might 
vary (see Table 2.1). These dimensions follow without further citation. Haines 
and Wilson caution that the perspective of Western industrialized society is 
taken, and that in other parts of the world some of these dimensions might not 
be relevant or might not apply (Haines & Wilson, 1998). The dimensions appear 
to be closely related to those of Dachler and Wilpert (1978) but more specific to 
participatory ergonomics (another example of the differences in approaches 
to involvement noted by Cotton (1993). 

Extent/Level. This dimension incorporates the earlier dimensions of level 
and focus (Wilson & Haines, 1997) and is concerned with where ergonomics is 
applied: across an organization, a work system, a work station, or a product 
(macro- to microparticipation). 

Purpose. This dimension considers whether participatory ergonomics is 
being used to implement a particular change or whether it is the method of work 
organization itself. 

TABLE 2.1 
Dimensions of Participatory Ergonomics 

Extent/Level Organization Worksystem Workplace Product 
Purpose Work organization Design Implementation 
Continuity Continuous Discrete 
Involvement Direct (full/partial) Representative 
Formality Formal Informal 
Requirement Voluntary Compulsory 
Decision-Making Workers decide Consensus Consultation 
Coupling Direct Remote 

(Adapted from Haines & Wilson, 1998.) 
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Continuity of Use. Continuity of use depends on whether the process has a 
continuous (repetitive) or discrete (periodic) timeline. 

Involvement. This dimension is concerned with who actually takes part in 
the process. It may range from full direct participation (all affected stakeholders 
become participants), through partial direct participation (representation by a 
subgroup of stakeholders), to representative participation (nominated or elected 
representatives of stakeholders who participate in the process). 

Formality. Participation may range from formal (work teams, committees) 
to informal, where managers casually allow workers to make decisions about 
their work. 

Requirement for Participation. Involvement may be either voluntary or 
compulsory. Voluntary participation is the usual form wherein workers volunteer 
their contributions and are involved in initiating the process. Compulsory partici
pation is found where involvement in quality circles and continuous improve
ment programs is obligatory. 

Decision-Making Structures. This dimension is dependent on the degree 
of centralization-decentralization of decision-making authority in the organiza
tion and the degree of empowerment accorded the worker. 

Coupling. This final dimension refers to how directly participative methods 
are applied. Direct coupling involves the application of participants' views and 
suggestions, while remote coupling involves some filtering of participants' views. 

Structure: A General Framework 
Haines and Wilson (1998) have developed a "first general framework" for initi
ating and structuring participatory ergonomic initiatives (Fig. 2.1). It begins with 
an organizational decision to implement and employ participatory ergonomics. 
They point out certain motivational factors that may contribute to this decision: 
legislation, availability of expert advice, external recommendations, awareness 
of the importance of ergonomic problems, management philosophy, workforce/ 
union negotiations, worker complaints and claims, and product/market advan
tage (Haines & Wilson, 1998). After deciding to implement participatory ergo
nomics, some type of initiative will then be implemented, the structure of which 
may be defined across the dimensions of participatory ergonomics described ear
lier. Criteria that influence the structure of the initiative include organizational 
size and culture, nature of workplace problems, the time frame and resources 
available, stakeholders, and workforce education and training. 
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Decision to implement Factors which may motivate 
an organization to implement 

participatory ergonomics participatory ergonomics 

Structure of Criteria influencing 
initiative structure of initiative 

Implementation Criteria influencing 
process selection of methods 

Evaluation 

Environment 

Wider, social, economic, 
legal, and technical factors 

FIG. 2.1. General framework for developing and implementing 
a participatory ergonomic initiative (adapted from Haines & 
Wilson, 1998). 

Once the decision to implement participatory ergonomics has been made, 
implementation methods may be selected. Factors influencing the selection of 
methods include the type of problem, knowledge of and experience with 
methods chosen, resources available, and the number of participants. Finally, a 
feedback loop will be required for ongoing continuous improvement, the 
sociotechnical principle of incompletion (Hendrick & Kleiner, 2001). From a 
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macroergonomic point of view, this framework is an open system and is subject 
to factors from the external environment (such as economic, technical, social, 
and legal factors). During macroergonomic design these factors are analyzed and 
taken into consideration along with other relevant variables (Hendrick & 
Kleiner, 2001). 

APPLICATIONS OF PARTICIPATORY 
ERGONOMICS 

As noted earlier, participatory ergonomics may be regarded as the involvement 
approach unique to the field of ergonomics and its subdiscipline of macro-
ergonomics. The ergonomic literature is replete with case studies that employ a 
wide variety of participative tools and techniques. There is a myriad of specific 
applications which may vary according to the goals or objectives of the partici
patory initiative, the structure of the initiative or intervention, the organizational 
or workplace setting, participatory methods and approaches employed, and the 
expertise of the stakeholders involved. 

Participation is the most widely used macroergonomic methodology: many 
studies have been successfully conducted and reported across a broad spectrum 
of different applications and for many different purposes. Hendrick and Kleiner 
(2001) discuss applications of participation in individual and team decision mak
ing and problem solving, product and system design, training system design, and 
work system analysis and design. Many initiatives have used participatory tech
niques aimed at reducing or preventing work-related musculoskeletal disorders 
(Kuorinka & Patry, 1995; Liker, Joseph & Ulin, 1991). Other studies have been 
concerned with design for manufacturing (Nagamachi & Yamada, 1992; 
Salvendy & Karwowski, 1994) and with large-scale change efforts (Kleiner, 
1996). Still other approaches have been used in workplace redesign interventions 
(Nagamachi, 1995; Wilson, 1995). 

Hendrick (1996) cites studies of representative participation in materials han
dling systems in the steel industry, an ergonomic training program for imple
menting a participatory ergonomic process in seven manufacturing companies, 
and an extensive worker participation program at an agricultural equipment man
ufacturer. Haims and Carayon (1996) conducted a study in an office environment 
to develop a theoretical model and related design principles as guides for the de
sign and implementation of participatory programs. Zink (1996) reported on the 
implementation of new technology in an electronics organization which required 
the support and cooperation of every department and which employed a mixture 
of bottom-up and top-down approaches. Imada and Stawowy (1996) performed a 
workplace redesign intervention in two food service stands at Dodger Stadium 
that resulted in increased productivity and reduced customer transaction time. 
Rooney, Morency and Herrick (1993) used participatory ergonomics in applying 
macroergonomics as an approach and methodology for introducing total quality 
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management (TQM) at the L.L. Bean Corporation. Among other improvements, 
this intervention resulted in a large reduction of lost-time accidents and injuries. 
Finally, see Chapter 8 for an interesting case study of a successful macro-
ergonomic analysis and intervention program using a participatory approach in 
the petroleum industry. 

REQUIREMENTS FOR PARTICIPATORY 
ERGONOMICS 

It is essential to adoption of participatory practices that the highest levels of 
management be unequivocally committed and supportive (Brown, 1990, 1993b). 
It must be clear to management that there is a need for cooperation, that both 
workers and managers are able to deal effectively with participatory practices, 
that participation is relevant to worker interests as well as management objec
tives, and that the benefits of participation will outweigh any costs or problems 
associated with implementation (Brown, 1990). An organizational philosophy 
must be adopted that advocates participatory practices not only for business rea
sons, but also for development of human resources, and establishment of mutual 
trust, equity in the exchange relationship, and involvement of every stakeholder 
(Brown, 1991b, 1993b). The earlier discussion on high involvement ergonomics 
is particularly relevant here. 

The structuring of a participatory initiative is generally defined across the 
dimensions of participatory ergonomics, described earlier, and should consider 
organizational factors such as culture, size, structure, available resources, train
ing needs, commitment of stakeholders, and the like. Haines and Wilson (1998) 
recommend creating an initiative sufficiently structured and yet flexible enough 
to respond as the participants and the process develop, and also to allow the pro
gram to adapt to change. 

A successful participatory ergonomic program will include appropriate meth
ods and processes and foster a climate of continuous improvement (Wilson & 
Haines, 1997). Requirements may vary in degree depending on the extent of 
participation (Hendrick & Kleiner, 2001). In the high involvement approach, for 
example, workers need to be involved in decisions about their jobs and work 
activities and be empowered to play a role in organizational-level decisions 
concerning strategy and structure (Brown, 1994b). In turn, this leads to a 
requirement for expertise by all members of the organization in problem analy
sis, decision making, group processes, and self-management (which argues for 
expanded training programs in both technical and interpersonal and team skills). 

Three interdependent requirements are identified by Wilson and Haines 
(1997): motivation, knowledge, and confidence. As participants gain in knowl
edge and ability, confidence will increase in both self and the participative 
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FIG. 2.2. Participatory ergonomics cycle (from Haines & Wilson, 
1998). 

process. This then should motivate participants to become more involved in the 
initiative (Haines & Wilson, 1998). Over a period of time, adjusting the partici
patory ergonomic cycle of involvement may be needed (Fig. 2.2), based on eval
uative feedback, by changing the technical and/or social skill mixture, group 
process, and the like (Hendrick & Kleiner, 2001). 

A final requirement is to evaluate the effectiveness (or lack thereof) of 
participatory programs. Outcome measures, a reduction in risk factors, process 
measures, and cost-benefit analyses are several methods used in evaluating par
ticipatory programs (Haines & Wilson, 1998). Hendrick (1996) presents several 
ergonomic applications that employed participatory approaches and in which 
costs and benefits were documented. 

CONCLUSION 

It should be reemphasized that there is no one best approach to the use of worker 
involvement and participation, and that participation and involvement are not 
universally good for all organizations (Brown, 1994b, 2000). However, 
Hendrick and Kleiner (2001) observe that there seems little doubt that the partic
ipative nature of macroergonomic interventions accounts for many of the im
pressive results realized (e.g., see Chapter 8). As Haines and Wilson (1998) point 
out, participatory ergonomics is a diverse and complex concept. There is a 
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plethora of different definitions, a range of models, and a multiplicity of tools 
and methods employed in participatory ergonomic initiatives. 

Successful implementation of participatory ergonomics requires the empow
erment of people to make decisions and to implement and evaluate them (Imada, 
199la). Organizationwide change is necessary, and it is imperative that top man
agement be unequivocally committed (Brown, 1991b, 1994b). The implications 
and potential of participatory ergonomics for the analysis, design, integration, 
and implementation of new technology into organizational systems are bound
less. Beliefs and core values of participatory practices advocate people being 
involved. If one assumes that stakeholders should participate in decisions that 
affect them, and they have the knowledge and skills to contribute, then there 
appears to be ample reason and sufficient evidence to believe that participatory 
ergonomics offers great promise for enhanced quality and productivity and a far 
better realization of human potential (Brown, 1994b, 1996). Chapter 3 discusses 
additional macroergonomic methods, many of which assume participation by 
individuals or groups. 
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Effective design of a work system's structure involves consideration of three major 
sociotechnical system elements that interact and affect optimal work system func
tioning: (1) the technological subsystem, (2) personnel subsystem, and (3) relevant 
external environment, or that portion of the external environment that permeates the 
organization on which it depends for its survival and success. Each of these 
elements has been studied in relation to its effects on the three organizational design 
dimensions described in Chapter 1, complexity, formalization, and centralization, 
and empirical models have emerged. These models can be used as macroergonomic 
tools in assessing and developing or modifying the design of a given work system. 
The models included in this chapter have proven particularly useful to the author. 

TECHNOLOGICAL SUBSYSTEM 
ANALYSIS 

As a determinant of work system structure, technology has been operationally 
defined in several distinctly different ways that are useful to macroergonomics: 
(1) by the mode of production, or production technology; (2) by the action 
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individuals perform on an object to change it, or knowledge-based technology; 
(3) by the way it reduces uncertainty, or strategy for reducing uncertainty; and 
(4) by the degrees of automation, workflow rigidity, and quantitative specificity 
of evaluation of work activities, or workflow integration. A major generalizable 
model of the technology-work system design relationship has been empirically 
derived from each of these empirically derived classification schemes. 

Woodward: Production Technology 
The first persons to study technology as a determinant of organizational structure 
empirically were Joan Woodward and her associates in the United Kingdom 
(1965). Woodward and her colleagues were looking for differences between suc
cessful and less successful organizations within the same industry, across a vari
ety of industries. They studied 100 manufacturing firms in South Essex, England, 
having at least 100 employees. The companies varied in size, managerial levels 
(2 to 12), span of control (2 to 12 at the top; 20 to 90 at the first-line supervisory 
level), and ratio of line employees to staff personnel (less than 1:1 to more than 
10:1). Using interviews, systematic observations, and review of company records, 
the following factors were among those noted for each firm: (1) the organization's 
mission and significant historical events; (2) the manufacturing processes and 
methods utilized; and (3) the organization's success, as measured by changes in 
market share, relative growth or stagnation within its industry, and fluctuation of 
its stock prices. 

Woodward found that the various industries studied could be classified in 
terms of their modes of technology: (1) unit, (2) mass, and (3) process produc
tion. Further, these modes could be conceptualized as representing categories on 
a scale of increasing technological complexity. At the least complex end were the 
unit and small batch producers that manufacture custom-made products. Next 
were the large batch or mass production firms. These companies produced auto
mobiles, refrigerators, and other more or less standardized products using pre
dictable, repetitive production steps. Highest in technological complexity were 
heavily automated process production firms, such as oil and chemical refineries. 
Within each type of production mode, the only thing that discriminated between 
the successful and less successful firms was the characteristics of their organiza
tional structure. Specifically, in terms of optimal design, three organizational 
structure variables were found to increase as technological complexity increased. 
First, as technological complexity increased, the degree of vertical differentia
tion also increased. The successful firms within each technology mode tended 
to cluster around the median number of hierarchical levels for that mode. In 
Woodward's sample, the optimum number of levels for unit producers was three, 
for mass production it was four, and for process plants, six. The less successful 
companies within each production category had a significantly greater or lesser 
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number of levels. Second, as technological complexity increased, the optimal 
ratio of administrative support staff to industrial line employees increased. 
Third, as technological complexity increased, the span of control of the top-line 
managers increased. More specifically, Woodward's findings for the successful 
firms in each production technology mode were as follows. 

Unit production firms had low complexity with little line and staff differentia
tion and widely defined role responsibilities. Both formalization and centraliza
tion were low. High formalization and centralization apparently were not feasible 
because of the custom-made, nonroutine nature of the work. 

Mass production units had high complexity with clear line and staff differenti
ation and narrowly defined role responsibilities. Formalization and centralization 
both were high. In comparison with the other two production modes, the propor
tion of skilled workers was relatively small. 

Process production units had high vertical differentiation with little line and 
staff differentiation and widely defined role responsibilities. Formalization and 
centralization both were low. High formalization and centralized control were 
not needed because of the heavily automated, inherently tightly controlled nature 
of process technology. 

Several follow-up studies have lent support to Woodward's conclusions 
(Harvey, 1968; Zwerman, 1970). However, there are a couple of cautions with 
respect to generalizing Woodward's findings. First, Woodward implies causation 
when, in fact, her methodology really only establishes correlation. Second, 
Woodward's data were collected from within a single culture and at a particular 
point in time. In a different culture, or at some other time, the psychosocial and 
other environmental factors might conceivably result in somewhat different 
interactions with production mode in terms of their influence on work systems. 

Perrow: Knowledge-Based Technology 
Although it can be a useful analytical tool for macroergonomics, a shortcoming 
of Woodward's model is that it applies only to manufacturing firms, which 
constitute less than half of all organizations. Perrow (1967) developed a more 
generalizable model of the technology-work system structure relationship that 
uses a knowledge-based rather than a production classification scheme. Perrow 
began by defining technology as the action one performs on an object in order to 
change the object. This action requires some form of technical knowledge. Using 
this approach, Perrow identified two underlying dimensions of knowledge-based 
technology. The first dimension is task variability, or the number of exceptions 
encountered in one's work. The second one concerns the type of search proce
dures one has available for responding to task exceptions, or task analylability. 
These search procedures can range from "well defined" to "ill defined." At the 
well-defined end of the continuum, problems are solved using rational-logical, 
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Task Variability 

Routine with few High variety with 
exceptions many exceptions 

Problem Well defined and Routine Engineering 
Analyzable 

Analyzability Ill-defined and Craft Non-routine 
Unanalyzable 

FIG. 3.1. Perrow's classification scheme. 

quantitative, and analytical reasoning. At the ill-defined end there are no readily 
available formal search procedures, and one must rely on experience, judgment, 
and intuition to solve problems. Dichotomizing these two dimensions yields a 
matrix with four cells, as shown in Fig. 3.1. Each cell represents a different 
knowledge-based technology. 

1. Routine technologies have well-defined problems with few exceptions. Mass 
production units typify this category, as do some types of service organiza
tions in which the nature of the servicing is largely repetitive. Routine tech
nologies lend themselves to standardized coordination and control proce
dures and, thus, are associated with high formalization and centralization. 

2. Nonroutine technologies have many exceptions and difficult to analyze 
problems. Combat aerospace operations is an example. Critical to these 
technologies is flexibility. Therefore, they need to be highly decentralized 
and have low formalization. 

3. Engineering technologies have many exceptions but can be handled using 
well-defined rational-logical processes. Consequently, they lend them
selves to moderate centralization but need the flexibility that is achievable 
through low formalization. 

4. Craft technologies involve fairly routine tasks, but problem solving relies 
heavily on the experience, judgment, and intuition of the individual 
craftsperson. Thus, decisions must be made by those with the particular 
expertise. This requires decentralization and low formalization. 

Perrow's model has been supported by empirical research in both the private and 
public sectors (e.g., Hage & Aiken, 1969; Magnusen, 1970; Van deVen & Delbecq, 
1979). I have found this model to be particularly useful for analyzing an organiza-
tion's technology to determine its implications for the work system's structure. 

Thompson: Technological Uncertainty 
Thompson (1967) has found that the type of technology determines a strategy for 
reducing uncertainty in work systems, and that specific structural arrangements 
facilitate uncertainty reduction. Based on the tasks that a work system performs, 
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Thompson identified three types of technology: long-linked, mediating, and 
intensive. 

Long-Linked. Long-linked technology accomplishes its tasks through a 
sequential interdependence of its units, such as an automobile assembly line. 
Because it consists of a fixed sequence of repetitive steps, the only major uncer
tainties are at the input and output sides. Consequently, management responds to 
uncertainty by controlling the inputs and outputs. The primary means of effect
ing this control is through planning and scheduling which, in turn, suggests a 
moderately complex and formalized structure. 

Mediating. A mediating technology is one that links clients on both the 
input and output sides. Accordingly, it performs a mediating or interchange func
tion. Examples are banks, post offices, and utility companies, which link units 
that otherwise are independent. These otherwise independent organizations are 
bound together by rules, regulations, and standard operating procedures. As a 
result, they perform best with low complexity and high formalization. 

Intensive. An intensive technology is one that provides a customized re
sponse to a diverse set of contingencies. A variety of techniques are drawn on to 
transform an object from one state to another. The particular techniques selected 
are, in part, based on feedback from the object itself. A classic example is a hos
pital, where the object being transformed is the patient. The particular techniques 
employed are dependent on the condition of the patient and responses to previ
ously used techniques. Thus, the major uncertainty is the object itself. Flexibility 
of response, such as having many alternatives to employ, is essential to effective 
functioning. Consequently, an intensive technology performs best when the 
structure has high complexity but low formalization. 

Unfortunately, Thompson's model has not been well tested empirically. 
Therefore, no definitive conclusions can be drawn regarding the model's validity 
(Robbins, 1983). The one study of note analyzed 297 subunits for 17 business 
and industrial firms (Mahoney & Frost, 1974). The results provided partial sup
port for the model by demonstrating that long-linked and mediating technologies 
were associated closely with formalization and advanced planning, whereas well-
functioning intensive technologies were characterized by mutual adjustments to 
other units. 

Aston Studies: Workflow Integration 
Based on their studies of a wide range of manufacturing and service organiza
tions, a team of researchers at the University of Aston in the United Kingdom 
concluded that technology can be defined in terms of three basic characteristics: 
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automation of equipment, or the extent to which work activities are performed 
by machines; workflow rigidity, or the extent to which the sequence of work ac
tivities is inflexible; and specificity of evaluation, or the degree to which work 
activities can be analyzed by specific, quantitative means. The Aston researchers 
further found the three characteristics to be highly related, so they combined 
them into a single scale labeled workflow integration (Hickson, Pugh, & Pheysey, 
1969). For smaller organizations, workflow integration was found weakly related 
to organizational structure: As workflow integration increases, specialization, 
formalization, and decentralization of tactical authority also should increase 
for optimal functioning. For larger organizations, this relationship was not as 
apparent. 

The most important finding of the Aston studies was that, although technology 
affects organizational structure, it appears to have significantly less impact than 
the other two sociotechnical system elements (i.e., the personnel subsystem and 
relevant external environment). Of particular importance for macroergonomics, 
and consistent with the Tavistock findings cited in Chapter 1, the Aston studies 
further demonstrated that the so-called technological imperative—the view that 
technology has a compelling influence on structure and, thus, should determine 
work system design—greatly overstates the case (Baron & Greenberg, 1990). In 
spite of these rather conclusive findings, the myth of technological 
determinism continues to persist. 

Other Technological Considerations 
Over the past several decades, we have seen major advances in computer and 
communications technology. Two forms of this technology have major implica
tions for work system design: advanced information technologies (AIT) and 
computer integrated manufacturing (CIM). AIT tends to facilitate decentralizing 
operational or tactical decision making while enhancing the efficiency of central
ized strategic decision making (Bedeian & Zammuto, 1991). Computer-based 
AIT links employees electronically, which better enables them to participate in 
the tactical decision-making process. Consequently, AIT enhances the efficiency 
of decentralization and greater professionalism. Because lower-level employees 
often select and filter the information and structure the databases, AIT also en
ables them to have a greater indirect influence on strategic decision making. 

CIM, by its very nature, results in a very high level of integration of workflow 
processes and, thus, in a high level of interdependence among differentiated units. 
This interdependence increases the need for effective integrating mechanisms 
across functional units. Often, CIM also increases the need for market-based unit 
grouping, such as product task teams. This is particularly the case during the 
product design phase (Bedeian & Zammuto, 1991; Drucker, 1988). 
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PERSONNEL SUBSYSTEM ANALYSIS


There are at least three major characteristics of the personnel subsystem that are 
sensitive to the design of an organization's work system structure: (1) the degree 
of professionalism, (2) demographic characteristics, and (3) psychosocial aspects 
of the workforce (Hendrick, 1997). 

Degree of Professionalism 
Robbins (1983) notes that formalization can take place either on the job or 
through the process of professionalization. On the job, formalization is external 
to the employee, and is what is meant by the term "formalization." Rules, proce
dures, and human-system interfaces are designed into the work system to limit 
employee discretion. As a result, the skill requirements of jobs tend to be low. 
Professionalism, on the other hand, creates internal formalization of behavior 
through a socialization process that is an integral part of the education and train
ing process: Persons learn the values, norms, and expected behavior patterns of 
the job before entering the organization. 

From a macroergonomic design standpoint, there is a trade-off between for
malization of the work system and professionalization of the jobs in the work 
system. Where the work system is designed to allow for low formalization and, 
thus, considerable employee discretion, jobs should be designed to require 
persons with relatively greater professional training or education. The rationale 
for this is rather straightforward: In the absence of formal decision rules and pro
cedures, employees need to have the necessary professional knowledge and 
skills to make the decisions. Most often, it is the need to have employees that can 
deal with unique, nonroutine, or unanticipated situations that creates the need for 
low formalization and more highly professionalized jobs. 

Demographic Factors 
Demographic characteristics of the workforce that comprise the organization's 
personnel subsystem can also potentially interact with the work system's design. 
Those characteristics that are most striking within the United States and most in
dustrialized countries are: (1) the "graying" of the workforce, (2) demographic 
shifts in psychosocial characteristics, (3) the broadening of the cultural diversity 
of the workforce, and (4) the recent large increase in the number of women in the 
workforce. 

Graying of the Workforce. As the post-World War II baby boom bulge 
continues to move through their working careers, the average age of the work
force has been increasing at the rate of about 6 months per year. This trend began 
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in the late 1970s and continued through the 1990s. As a result, we now have an 
older, more experienced, more mature, and better-trained workforce than was the 
case 20 years ago. For example, according to the U.S. Bureau of Labor Statistics, 
in 1970, 35% of the U.S. workforce was without a high school diploma. In 1997, 
less than 11% did not have a diploma. During this same period, the number in 
the workforce with education beyond high school has doubled. Put simply, the 
workforce has become more professionalized. Consequently, if employees are to 
feel fully utilized and remain motivated toward their work, work system struc
tures need to accommodate this change by becoming less formalized and decen
tralizing more of the decision making. Macroergonomic practitioners need to pay 
particular attention to these factors in designing those work systems and jobs in 
which high formalization and centralization traditionally have characterized the 
work system's structure. 

Value System Shifts. Yankelovich (1979), based on extensive longitudinal 
studies of workforce attitudes and values dating back to the 1940s, noted that 
those workers born after World War II have views and feelings about work that 
are very different from those of their predecessors. He further noted that these 
different conceptions and values would have a profound effect on work systems 
in the 1980s and beyond. Because their attitudes and values are so different, 
Yankelovich refers to this group of workers as the "new breed." This new breed 
of workers has three principal values that distinguish them from those of the 
mainstream of older workers: (1) the increasing importance of leisure, (2) the 
symbolic significance of the paid job, and (3) the insistence that jobs become less 
depersonalized and more meaningful. According to Yankelovich, the two as
pects of work that are particularly important to new breed employees are being 
recognized as an individual and the opportunity to be with pleasant people with 
whom they like to work. From a work system design standpoint, these values 
translate into (1) a need for less hierarchical, less formalized, and more decen
tralized organizational structures; (2) for an attendant greater level of profession
alism to be designed into individual jobs and human-system interfaces than 
found in traditional, highly formalized bureaucracies; and (3) for work systems 
and job designs that encourage group interaction and participatory decision 
making. Operationally, these design characteristics allow for greater individual 
recognition and respect for an employee's worth and provide the opportunity to 
satisfy social needs on the job. 

Cultural Diversity. In a number of urban areas in the United States, such 
as the greater Los Angeles, San Francisco, Miami, and New York City areas, im
migration has resulted in the development of workforces that are far more cultur
ally diverse than existed a few decades ago. Unless organizations accommodate 
to this diversity, it will adversely affect employee motivation and commitment 
(Jackson, 1992; Thomas, 1991). Much of the needed accommodation has to do 
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with changing organizational cultures to be more inclusive. One structural 
change to the work system that can facilitate this accommodation process is 
decentralizing decision making to allow greater employee control over their 
work environment and related policies and procedures. This includes the use of 
participatory ergonomics in designing or modifying work systems. 

Women. During the 1980s and 1990s, women not only have been entering 
the workforce in progressively increasing numbers, but entering occupations and 
jobs that traditionally were staffed almost entirely by males. As yet, there is no 
clear indication as to how these demographic changes will, or should, affect work 
system design. I have noted in my consulting that, as women have moved into 
traditionally male positions, they have tended to emphasize the importance of 
modifying work systems and jobs so as to allow for greater social interaction— 
particularly in situations in which opportunity for social interaction previously 
had been limited. In addition, I have observed that women often have been the 
leaders in their organizations in pushing for work system changes that enable 
more flexible work hours (e.g., flextime, shared jobs, etc.). 

Psychosocial Factors 
Harvey, Hunt, and Schroder (1961) have identified the higher-order structural 
personality dimension of concreteness-abstractness of thinking, or cognitive 
complexity, as underlying different conceptual systems for understanding reality. 
Like organizational complexity, described in Chapter 1, cognitive complexity 
has the same two major dimensions: differentiation and integration. Here, differ
entiation refers to the number of differentiated conceptual categories one has de
veloped for storing experiential information; and to the number of differentiated 
subcategories, or shades of gray, one has developed within each conceptual cate
gory. In a sense, it refers to the number of conceptual file drawers (conceptual 
categories) and files (subcategories) one has developed. Integration refers to the 
number of conceptual rules and combinations of rules one has developed for 
integrating data from the various conceptual categories to gain insight into com
plex situations, problems, and issues, and to derive creative, insightful solutions. 

In general, the degree to which a given culture or subculture (1) encourages 
by its childrearing and educational practices an inquiring or active exposure to 
new experiences or diversity, and (2) through affluence, education, communica
tions media, transportation systems, etc., provides opportunities for exposure to 
diversity, the more cognitively complex the persons of that culture will become. 

Research consistently has shown that persons having a relatively low level of 
cognitive complexity tend to be concrete in their conceptual functioning. They 
tend to see the world as relatively more static and unchanging than do their more 
cognitively complex colleagues, and will resist change. They tend to interpret 
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things more literally, and have a high need for structure and order, and for 
simplicity and consistency. They are more authoritarian and absolutist in their 
thinking, have a low tolerance for ambiguity, tend to be paternalistic, and tend to 
hold ethnocentric views. In contrast, cognitively complex persons tend to be ab
stract in their conceptual functioning. In comparison with concrete functioning 
persons, they see the world as dynamic and constantly changing. They have a 
lower need for structure and order and for consistency and stability. They tend 
not to be authoritarian, are relativistic rather than absolutist in their thinking, and 
have a high tolerance for ambiguity. They also possess a greater capacity for em
pathy and are more people-oriented, less paternalistic, and less ethnocentric than 
concrete functioning persons. 

Research has shown that the majority of the U.S. workforce born after World 
War II is functioning at a more cognitively complex level than the mainstream of 
their older colleagues (Harvey, et al., 1961; Harvey, 1963; Hendrick, 1996). It is 
not that their older colleagues have regressed in cognitive complexity. In fact, 
they probably have increased somewhat in complexity over time. Rather, the fol
lowing factors appear to account for much of the change: (1) the shift since 
World War II to more permissive childrearing practices that tend to encourage 
relativistic thinking and an openness to new experiences; (2) a concomitant shift 
in primary school teaching practices toward active, experiential learning and en
couraging children to explore their environment rather than simply accepting a 
set of absolutes provided by the teacher; (3) a higher level of general education; 
(4) greater affluence; (5) the development of far superior communications, 
library, and transportation systems since World War II; and (6) new technology 
that enables greater exposure to diversity (e.g., television, the personal computer, 
and the Internet). (See Hendrick [1996, 1997] for a more detailed discussion of 
the nature of cognitive complexity and its relation to organizational design and 
management.) 

As the World War II workforce has moved out of our organizations and more 
of the "new breed" have moved in, the workforce has, and should continue, to 
become progressively more cognitively complex in its conceptual functioning. 
One result has been a progressively increasing demand by workers for better-
designed jobs, greater participation in decision making, and less formalization. 
Another result is a greater ability of the workforce to cope with ambiguity and 
change. 

I have found evidence to suggest that relatively concrete work groups and 
managers function best in mechanistic organizations, characterized by moder
ately high vertical differentiation, centralization, and formalization, and in which 
the work system structure and processes are unambiguous and relatively slow to 
change. In contrast, although they can perform well in mechanistic organiza
tions, cognitively complex or abstract persons prefer more organic organiza
tional designs, characterized by relatively low levels of vertical differentiation, 
formalization, and centralization (Hendrick, 1979, 1981, 1990). 
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Personnel Subsystem Implications 
for Work System Design 
Much of the data on personnel subsystem determinants of work system design are 
in the form of attitude survey results or projections from psychosocial and demo
graphic studies. Although their nature is somewhat tenuous, there is a strong 
convergence of these data. At least within the industrialized countries, these data 
indicate a need for work systems to be as vertically undifferentiated, decentral
ized, and lacking in formalization as their technology and external environments 
will permit. Given the current trend toward highly dynamic virtual organizations 
and attendant work systems, these personnel subsystem data are very supportive. 

EXTERNAL ENVIRONMENT ANALYSIS 

Critical to the survival of organizations is their ability to adapt to their external 
environment. As open systems, organizations require monitoring and feedback 
mechanisms to follow and sense changes in their relevant task environments and 
a capacity to make timely, responsive adjustments. Relevant task environments 
refers to those aspects of the external world that can positively or negatively 
influence organizational effectiveness. 

Types of External Environments 
Negandhi (1977), based on field studies of 92 industrial firms in five different 
countries, has identified five types of external environments that affect organiza
tional functioning. 

1. Socioeconomic. Particularly the degree of stability, nature of the competi
tion, and availability of materials and qualified workers. 

2. Educational. The availability of facilities and programs, and the educa
tional level and aspirations of workers. 

3. Political. Governmental attitudes toward (a) business (friendliness versus 
hostility), (b) control of prices, and (c) "pampering" of industrial workers. 

4. Cultural. Social status and caste system, values and attitudes toward work, 
management, etc., and the nature of trade unions and union-management 
relationships. 

5. Legal. The degree of legal controls, restrictions, and compliance requirements. 

For each organization, the relevant task environments will be different in 
type, qualitative nature, and importance. For any given organization, the particu
lar combination of relevant task environments, each weighted in terms of its 
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importance or degree of influence, constitutes the organization's specific task 
environment. A major determinant of any organization's specific task environ
ment is its domain, or the range of products or services offered and market share 
(Robbins, 1983). Domain determines the points at which the organization 
depends on its specific task environment (Thompson, 1967). 

Another determinant of an organization's specific task environment is its 
stakeholders. These include the company's stockholders, lenders, customers, 
employees, governmental agencies, and the local community, among others. 
Each of these entities has an interest in the organization. 

For a given organization, the broader the domain and the more stakeholders it 
has, the more complex is its specific task environment. 

Environmental Uncertainty 
Of critical importance to work system design is the fact that all specific task 
environments vary along two highly critical dimensions: change and complexity 
(Duncan, 1972). Degree of change refers to the extent to which a given specific 
task environment is dynamic or remains stable over time, and the predictability 
of change. The degree of complexity is operationally defined by the number of 
components that constitute an organization's specific task environment (i.e., does 
the company interact with few or many government agencies, customers, suppli
ers, competitors, etc.?). Environmental change and complexity, in combination, 
determine the environmental uncertainty of an organization. Figure 3.2 illus
trates this relationship for four different levels of uncertainty. 

Two major models have been derived empirically for assessing environmental 
uncertainty as a determinant of work system structure. The first model focuses 
directly on environmental uncertainty. The second treats environmental uncer
tainty as one of several key environmental dimensions affecting work system 
structure, albeit the most important. 

Burns and Stalker: Environmental Uncertainty. Based on studies of 20 
English and Scottish industrial companies, Burns and Stalker (1961) found that 
the type of work system structure that worked best in a relatively stable and 
simple organizational environment differed from that required for a more 

Degree of Degree of Change 
Complexity 

Stable Dynamic 

Simple Low uncertainty Mod. high uncertainty 

Complex Mod. Low uncertainty High uncertainty 

FIG. 3.2 Environmental uncertainty dimensions. 
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dynamic and complex environment. For stable, simple environments, mechanis
tic structures, characterized by relatively high to moderately high vertical and 
horizontal differentiation, formalization, and centralization, worked best. Mecha
nistic structures typically have routine tasks, programmed behaviors, and can 
respond to change only slowly. A strong emphasis is placed on stability and con
trol. Conversely, for dynamic, complex environments, organic structures, char
acterized by flexibility and quick adaptability, worked best. Organic work 
systems stress lateral rather than vertical communication, influence based on 
knowledge and expertise rather than position and authority, information ex
change rather than directives from above, conflict resolution by interaction rather 
than by superiors, and loosely, rather than tightly, defined job descriptions and 
responsibilities. Organic work systems thus require low vertical differentiation 
and formalization, decentralized tactical decision making, and a relatively high 
level of professionalism. These findings are similar to those that were implicit in 
Emory and Trist's (1965) analysis of the effects of environmental instability on 
sociotechnical systems. 

Lawrence and Lorsh: Subunit Environment and Design Complexity. 
A common way organizations deal with complex specific task environments is to 
develop specialized units to deal with particular parts of the environment. Lawrence 
and Lorsh (1969) conducted field studies to determine what type of work system 
structure was best for coping with different economic and market environments. 
They studied companies in a number of industries that varied considerably in their 
degree of environmental uncertainty, including food, plastics, and containers. From 
their studies, Lawrence and Lorsh identified five major environmental variables that 
can be assessed to determine the optimal degree of horizontal differentiation: 
(1) uncertainty of information (low, moderate, high), (2) time span of feedback 
(short, medium, or long), (3) pattern of goal orientation (focus of tasks), (4) pattern 
of time orientation (short, medium, or long), and (5) pattern of interpersonal rela
tionships (task or social). In general, the more dissimilar the functions are on one 
or more of these dimensions, the greater is the likelihood that they should be 
differentiated into separate subunits (departmentalized) for effective functioning. 

Lawrence and Lorsh also found that (1) the greater the differentiation, the 
greater the need for designing integrating mechanisms into the work system, and 
(2) the level of environmental uncertainty was of foremost importance in deter
mining the most effective work system structure. In particular, subunits with 
more stable environments (e.g., production) tended to have high formalization, 
whereas those operating in less predictable environments (e.g., research and 
development) had low formalization. 

Lawrence and Lorsh's empirical findings are especially valuable to macro-
ergonomics because they demonstrate that whenever a work system's structure 
does not fit its mission, external environment, or resources, its functioning is 
likely to suffer. 
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INTEGRATING THE RESULTS

OF THE SEPARATE ASSESSMENTS


The separate analyses of the key characteristics of a given organization's techno
logical subsystem, personnel subsystem, and specific task environment each 
should have provided guidance about the structural design for the work system. 
Frequently, these results will show a natural convergence. At times, however, the 
outcome of the analysis of one sociotechnical system element may conflict with 
the outcomes of the other two. When this occurs, the macroergonomic specialist 
is faced with the issue of how to reconcile the differences. Based both on the 
suggestions from the literature and my personal experience in evaluating over 
200 organizational units, the outcomes from the analyses can be integrated by 
weighting them approximately as follows: If the technological subsystem analy
sis is assigned a weight of "1," give the personnel subsystem analysis a weight of 
"2," and the specific task environment analysis a weight of "3." For example, 
let's assume that the technological subsystem falls into Perrow's "routine" cate
gory, the personnel subsystem jobs call for a high level of professionalism, and 
the external environment has moderately low complexity. Weighting these three 
as suggested above would indicate that a moderately formalized and somewhat 
centralized work system would work best. Accordingly, the results would 
indicate that most jobs should be redesigned to require a somewhat lower level 
of professionalism, and attendant hardware and software interfaces should be 
designed/redesigned to be compatible. 

As noted in the aforementioned research of Lawrence and Lorsch, the specific 
functional units of an organization may differ in the characteristics of their 
technology, personnel, and specific task environments—particularly within 
larger organizations. Therefore, the separate functional units may, themselves, 
need to be analyzed as though they were separate organizations, and the resultant 
work systems designed accordingly. 

CONSIDERING JOB DESIGN 
CHARACTERISTICS 

IN MACROERGONOMICS 

In designing or modifying a work system, it is important to be aware continually 
of what impact decisions about work system structure (and processes) are likely 
to have on the design of individual jobs. Hackman and Oldham (1975) have 
empirically identified five specific job characteristics critical to intrinsic job 
motivation, employee self-worth, stress reduction, and satisfaction for growth-
oriented employees: (1) task variety, or having different (meaningful) things to 
do in one's work; (2) identity, or sense of job wholeness; (3) significance, or 
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perceived job meaningfulness; (4) autonomy, or control over one's work; and 
(5) feedback, or knowledge of results. The absence of these characteristics often 
is seen as resulting in dehumanized jobs that reduce psychological meaningful
ness and felt responsibility. Such jobs can to lead to high stress, demotivated 
employees, job dissatisfaction, absenteeism, and reduced productivity (Organ & 
Bateman, 1991). 

The importance of these five job characteristics repeatedly has been noted 
across many types of organizations and work situations. For example, Bammer 
(1990, 1993) conducted a meta-analysis of the field studies of upper extremity 
work-related musculoskeletal disorders (WMSDs) among computer operators 
that were reported in the literature during the 1980s. Bammer's results showed 
no consistent relationship of nonwork factors to employee musculoskeletal 
disorders. She did find that biomechanical factors are important, and noted that 
(microergonomic) efforts to improve them should be encouraged, but that, by 
themselves, biomechanical improvements are an insufficient means to reduce 
work-related musculoskeletal disorders adequately. The factors that consistently 
related to musculoskeletal disorders across studies were work organization vari
ables. Bammer concluded that "improvements in work organization to reduce 
pressure, and to increase task variety, control, and the ability for employees to 
work together must be the main focus of prevention and intervention." She fur
ther noted that "ironically, such improvements in work organization generally 
also lead to increased productivity" (Bammer, 1993, p. 35). In summary, what 
Bammer identified as key correlates of work-related musculoskeletal disorders 
were Hackman and Oldham's job characteristics plus the opportunity to satisfy 
social needs on the job. 

Based both on the literature and my personal consulting experience, in 
designing or modifying work systems one must be careful not to preclude 
designing individual jobs having Hackman and Oldham's five job characteris
tics. Further, it usually is important to ensure that the work system design will 
enable persons to satisfy social needs on the job. 

CHOOSING THE RIGHT 
STRUCTURAL FORM 

As described earlier, structural analysis involves considering how sociotechnical 
system variables should shape the basic dimensions of the work system. 
However, from a macroergonomic perspective, it also involves integrating these 
work system dimensions into an overall structural form. Fortunately, there are a 
variety of types of proven structural forms that are available to work system 
designers. As previously noted for the design of the individual dimensions of 
work system structure, the different types of structural form also can enhance or 
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inhibit organizational functioning, depending on the organization's specific 
sociotechnical characteristics. Thus, the key is to select the specific type of struc
tural form for the work system that best fits the organization's sociotechnical 
characteristics and related work system dimensions. 

The four general types of overall organizational structure most commonly 
found are: (1) classical machine bureaucracy, (2) professional bureaucracy, 
(3) matrix organization, and (4) free-form design (Robbins, 1983). Most large, 
complex organizations have relatively autonomous units with different structural 
forms. In general, the larger the organization, the more likely it is to use more 
than one type of work system structure. In this section, the four general types 
of organizational structure will be described, along with the advantages and 
disadvantages of each, plus two new types. Finally, guidelines are provided for 
determining when each type is, or is not, likely to be appropriate. 

Classical or Machine Bureaucracy 
The classical bureaucratic form of work system has its roots in two streams of 
thought: scientific Management and the ideal bureaucracy. 

Scientific Management. At the beginning of the twentieth century, indus
trial technology was developing rapidly in America and Europe, and labor was 
becoming highly specialized. As a result, engineers were being called on to help 
design work systems and optimize efficiency. One of these engineers, Frederick 
W. Taylor (1911), developed the concept of Scientific Management, which had a 
major impact on the shaping of classical organizational theory. Taylor's concepts 
of work system structure are implicit in his four basic principles of management 
(Szilagyi & Wallace, 1990, p. 662). 

First. Develop a science for each element of man's work that replaces the old 
rule-of-thumb method. 

Second. Scientifically select and train, teach, and develop the workman. In the 
past he chose his own work and trained himself as best he could. 

Third. Hardily cooperate with the men in order to ensure all of the work is being 
done in accordance with the principles of the science that has been developed. 

Fourth. Provide equal division of work and responsibility between the manage
ment and the workmen. The management takes over all work for which they are 
more qualified than the workmen. In the past, almost all the work and the greater 
part of the responsibility were thrown upon the men. 

Ideal Bureaucracy. The classical bureaucracy type of structure was con
ceptualized by Max Weber. He recommended that organizations adhere to the 
following work system design principles (1946, p. 214). 
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1. All tasks necessary to accomplish organizational goals must be divided into 
highly specialized jobs. A worker must master his trade, and this expertise 
can be more readily achieved by concentrating on a limited number of tasks. 

2. Each task must be performed according to a "consistent system of abstract 
rules." This practice allows the manager to eliminate uncertainty due to 
individual differences in task performance. 

3. Offices or roles must be organized into hierarchical structure in which the 
scope of authority of superordinates over subordinates is defined. This 
system offers the subordinates the possibility of appealing a decision to a 
higher level of authority. 

4. Superiors must assume an impersonal attitude in dealing with each other and 
subordinates. This psychological and social distance enables the superior to 
make decisions without being influenced by prejudices and preferences. 

5. Employment in a bureaucracy must be based on qualifications, and promo
tion is to be decided on the basis of merit. Because of this careful and firm 
system of employment and promotion, it is assumed that employment will 
involve a lifelong career and loyalty from employees. 

Weber believed that adhering to these principles was the "one best way" to 
achieve efficiency and meet organizational objectives. He assumed that imple
menting a structure that emphasized administrative efficiency, stability, and con
trol was the key to obtaining optimal effectiveness (Szilagyi & Wallace, 1990). 

Collectively, the two sets of theoretical principles of Taylor and Weber re
sulted in what today we know as the machine bureaucracy type of work system 
structure. Its basic characteristics are as follows (Robbins, 1983): 

1. Division of labor. The work system is comprised of narrowly defined jobs 
having well-defined, relatively routine tasks. 

2. A well-defined hierarchy. A clearly defined, formal hierarchical structure 
in which each lower office is under supervision and control of a higher 
one. Tasks primarily are grouped by function. Line and staff functions are 
well defined and kept separate. 

3. High formalization. Extensive use is made of formal rules and procedures 
to ensure uniformity and regulate employee behavior. 

4. High centralization. Decision making is reserved for management. 
Employees have relatively little decision discretion. 

5. Career tracks for employees. Because members are expected to pursue 
their careers within the organization, career tracks form part of the work 
system's design for all but the most unskilled positions. 

Advantages. The three primary advantages of the machine bureaucracy 
are administrative efficiency, stability, and control over the work system's 
functioning. Having narrowly defined jobs with formalized tasks minimizes the 
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likelihood of error, as well as prerequisite skills and related training time and 
costs. These design features also better enable employees to know their own 
function and those of others. Formalization ensures stability, control, and a 
well-integrated and consistent pattern of functioning. Centralization also ensures 
control and enhances stability. 

Disadvantages. The machine bureaucracy design has two inherent major 
disadvantages. First, by their inherent nature, machine bureaucracies are slow 
and inefficient in responding both to environmental change and nonroutine situa
tions. Second, although careful macroergonomic design can overcome or greatly 
reduce it, machine bureaucracies result in jobs that often violate Hackman and 
Odham's job characteristics, described earlier. In particular, such jobs often fail 
to utilize adequately the mental and psychological capacities of the workers. As 
a result, jobs tend to lack intrinsic motivation. 

When to Use. When (1) the specific task environment is comparatively 
simple, stable, and/or predictable, (2) employee education and skill levels are 
relatively low, and (3) system operations are repetitive or otherwise can be rou
tinized. To the extent that these conditions do not exist, one of the other forms of 
work system structure is preferred. 

Professional Bureaucracy 
The professional bureaucracy overcomes some of the disadvantages of the ma
chine form by relying on a relatively high degree of professionalism. Jobs are 
more broadly defined, less routine, and allow for greater employee decision 
discretion (Robbins, 1983). Accordingly, there is less need for formalization, 
tactical decision making can be decentralized, and fewer levels of hierarchy are 
needed. They are similar to machine bureaucracies in that they are hierarchical, 
positions are grouped by function, and strategic decision making typically 
remains centralized. 

Advantages. Compared with machine bureaucracies, the professional 
bureaucracy has at least three major advantages. First, it can cope with complex 
environments and nonroutine tasks more efficiently. Secondly, jobs are designed 
to better utilize the mental and psychological capabilities of employees, thus 
making them more intrinsically motivating. Thirdly, professional bureaucracies 
require less managerial tactical decision making and control, thereby enabling 
management to give greater attention to long-range planning, strategic decision 
making, dealing with employee concerns, and reinforcing good employee 
performance. 
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Disadvantages. Professional bureaucracies are not as efficient as machine 
bureaucracies for coping with simple, stable environments. Second, they require 
a more highly skilled work force and related additional training time and ex
pense. Third, control is less tight, and the distinction between line and staff func
tions is more ambiguous. Fourth, the management skills required by professional 
bureaucracies tend to be more sophisticated; for example, a greater reliance is 
placed on the use of persuasion and facilitation skills rather than a simple and 
direct authoritarian style. 

When to Use. When the external environment is fairly complex, somewhat 
unstable or unpredictable, and there is an available applicant pool of profession
alized workers. A professional bureaucratic form is less optimal than the ma
chine form for highly repetitive operations with a simple, stable environment. 
It also is less desirable if the available management pool is highly authoritarian 
and concrete in its functioning. 

Adhocracies 
Although it is worse for machine bureaucracies, both bureaucratic forms tend to 
be inefficient in responding to highly complex or dynamic specific task environ
ments. Because of this shortcoming, other types of work system structures have 
evolved. These newer types are known collectively as adhocracy designs. An 
adhocracy is a "rapidly changing adaptive, temporary system organized around 
problems to be solved by groups of relative strangers with diverse professional 
skills" (Bennis, 1969, p. 45). Adhocracies are characterized by moderate com
plexity, low formalization, and decentralization (Robbins, 1983). Although hori
zontal differentiation can be high, vertical differentiation invariably is moderate 
to low. Rather than the tight administrative control afforded by centralized deci
sion making and formal rules and procedures, flexibility and rapidity of response 
are emphasized. Thus, a high level of professionalism and fewer administrative 
layers are essential. 

When to Use. When the ability to be innovative or respond rapidly to 
changing situations is essential, and when these responses require collaboration 
of persons possessing different specialties, the adhocracy forms of organization 
are considerably more effective than the bureaucratic forms (Robbins, 1983). 
On the other hand, adhocracies have at least three major disadvantages. First, 
because of less clear boss-subordinate relationships, the lines of authority 
and responsibility are ambiguous. Consequently, conflict is an integral part of 
adhocracy. The second disadvantage is psychosocial stress. The composition of 
teams or units in adhocracies is dynamic, while the establishing and dismantling 
of human relationships is a slower psychosocial process. Consequently, this 
process becomes stressed any time there is significant work system change. 
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Concrete functioning employees are especially likely to have difficulty coping. 
Thirdly, adhocracies lack the tight administrative control that comes with routine 
functions and structural stability. It is only when these losses in administrative ef
ficiency are more than offset by the competitive gains from greater efficiency of 
responsiveness or innovation that some form of adhocracy is to be preferred. The 
two most common forms of adhocracies are the matrix and free-form designs. 

Matrix Design 

The matrix form of work system combines departmentalization by function 
with departmentalization by project or product line. Matrix organizations are like 
bureaucracies in that they have functional departments that tend to be lasting. 
They are unlike bureaucracies in that members of the functional departments are 
farmed out to project or product teams as new projects or product lines develop. 
This is done to meet the project's need for the combined technical expertise of 
the various functional departments. When the need for a given functional depart-
ment's professional input no longer is required, or the level of effort reduces, in
dividuals either return to their "home" department or transfer to another project 
or product team. Although the project or product manager supervises the team's 
interdisciplinary effort, each team member also has a functional department 
supervisor. The matrix design thus violates a fundamental bureaucratic concept: 
unity of command. 

Advantages. The primary advantage of the matrix type of work systems is 
that it enables the best of two worlds: the stability and professional depth 
afforded by functional departmentalization and the rapid response capability of 
interdisciplinary teams. 

Disadvantages. In addition to the disadvantages that characterize all adhoc
racy designs, cited earlier, employees in matrix organizations must serve two 
bosses: their functional department head, who tends to be relatively long-term ori
ented and remote from the team member's immediate tasks, and the project team 
director, who tends to be short-term oriented and immediate to the employees' 
tasks. Serving two masters with differing goals, responsibilities, and time orienta
tions frequently creates conflict and can disrupt organizational functioning. For 
employees, there is another potential problem. When assigned too long to a pro
ject, they may have difficulty keeping technically current. They also may lose 
contact with their respective functional departments. Both of these consequences 
can have an adverse impact on their careers. 

When to Use. The matrix organization is especially well suited for 
responding to dynamic and complex specific task environments. Under these 
conditions, both rapid interdisciplinary responsiveness and providing for 
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functional depth in individual disciplines can be essential to the organization's 
ability to compete. 

Free-Form Design 

The newest of the four common forms of work system structure is the free-
form design. In its pure form, the free-form organization is like an amoeba in 
that its shape continually changes in order to survive (Szilagyi & Wallace, 1990). 
Of paramount importance to free-form work systems is the ability to respond 
rapidly to change in highly dynamic, complex, and competitive environments. 

In free-form work systems, a profit center arrangement replaces functional 
departmentalization. Profit centers are managed by teams and are highly results 
oriented. Accordingly, free-form work systems have low hierarchical differentia
tion, very low formalization, and highly decentralized decision making. A very 
heavy reliance thus is placed on professionalism. Like matrix organizations, pro
ject teams are created, changed, and disbanded as required to meet organiza
tional goals and problems. Unlike matrix organizations, free-form work systems 
have no underlying functional departmentalization or "home" structure. Instead, 
employees "float" from one project team or cost center to another as their ser
vices are needed. 

In order to function effectively in a free-form work system, managers and em
ployees alike need to possess a great deal of personal flexibility, a low need for 
structure and stability, and a high tolerance for ambiguity. The ability to handle 
change without becoming unduly stressed is essential. Based on my personal 
consulting experience, too often, prospective employees are not screened on 
these characteristics and the organization eventually goes through a crisis 
because of it (which usually is when I get called in to help). 

Advantages. Free-form work systems have one major advantage over other 
designs: the ability to respond to highly dynamic, complex, and competitive 
specific task environments with great speed and innovation. 

Disadvantages. The one major advantage of free-form designs, cited pre
viously, comes at a cost. Free-form work systems have all of the disadvantages 
of matrix adhocracies, only to a greater extent. Conflict, psychosocial stress, and 
inherent administrative inefficiency are an integral part of a continuously chang
ing and amorphous work system structure. 

When to Use. A free-form design should be considered whenever the 
organization's survival depends on innovation and speed of response, and a 
highly professionalized and flexible workforce is available. Most often, these 
features characterize (1) small to medium-sized high-technology organizations 
and (2) semi-autonomous "outlaw" subunits of large bureaucratic or matrix 
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organizations (e.g., the Lockheed "skunkworks," which designed many of the 
U.S. military aircraft during the last half of the twentieth century—and did so 
faster, cheaper, and with many fewer engineers than conventional aircraft design 
groups) operating in highly dynamic and complex competitive environments. 

New Adhocracy Forms 

Because of recent technological advances, new variations of the matrix and 
free-form designs have begun to emerge. Of particular note are the modular and 
virtual types (Dess, Rasheed, McLaughlin, & Priem, 1995). 

Modular Form. The modular type of adhocracy structure outsources non-
vital functions while retaining full strategic control. Outside units are used to 
manufacture parts, handle logistics, maintenance, or accounting activities, and/or 
to perform housekeeping services. The "organization" thus consists of a central 
hub surrounded by networks of outside suppliers and specialists. What consti
tutes the organization is amorphous, in that modular parts readily can be added 
or deleted as the immediate needs require. This flexibility enables modular 
adhocracies to reduce uncertainty by adapting rapidly to changing market condi
tions with little cost. 

Virtual Organizations. Rather than the central hub of the modular organi
zation, the virtual type consists of a continually evolving network of independent 
companies. In its purest form, a virtual organization does not have a central office 
or hierarchical structure. In order to pursue common strategic objectives, suppli
ers, customers, and even competitors will link together to share skills, costs, and 
access to one another's markets (Dess, et al., 1995). The major advantage of the 
virtual organization is that each firm brings a particular set of competencies to the 
alliance, thereby enabling them collectively to be a more competitive yet highly 
flexible (virtual) entity. Essentially, the virtual organization copes with uncer
tainty by using a collectivist strategy. 
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Broadly speaking, work systems can be categorized as skill-based versus 
knowledge-based. Skill-based work systems are typically observed in industrial 
environments. Knowledge-based work systems are typically office environments 
which can exist within service or manufacturing industries. Traditional ap
proaches to work system design in both environments have exhibited technology-
centered design, a "leftover" approach to function and task allocation, which 
fails to consider an organization's sociotechnical characteristics and integrate 
them into its work system design. In this chapter, we present two general 
methodologies for macroergonomic assessment of work system process: The 
first, macroergonomic analysis and design (MEAD) technology, has been used 
more typically in industrial environments, and the second, identified simply as a 
"systems analysis tool," more typically in office environments. However, both 
can be applied to a variety of work environments. Both employ macroergonomic 
principles and values for improved performance and human well-being. 
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MACROERGONOMIC ANALYSIS 
AND DESIGN (MEAD) METHODOLOGY 

Background 
The macroergonomic analysis and design (MEAD) methodology has been 
developed based in part on the contributions of Emery and Trist (1978), Taylor 
and Felton (1993), Clegg, Ravden, Corbertt, and Johnson (1989), and experience 
with large-scale change in academia, industry, and government (Kleiner, 1996). 
The approach integrates sociotechnical systems theory and microergonomics be
cause sociotechnical system approaches historically did not directly address 
micro-ergonomic issues, and micro-ergonomics historically failed to address the 
larger system's environmental and organizational issues. 

The MEAD lOStep Process 
There are 10 steps in this particular methodology: 

1. Scanning the environmental and organizational design subsystem 
2. Defining production system type and setting performance expectations 
3. Defining unit operations and work process 
4. Identifying variances 
5. Creating the variance matrix 
6. Creating the key variance control table and role network 
7. Performing function allocation and joint design 
8. Understanding roles and responsibilities perceptions 
9. Designing/redesigning support subsystems and interfaces 

10. Implementing, iterating, and improving 

Step 1: Scanning the Environmental 
and Organizational Subsystems 

The first phase of sociotechnical analysis of work system process is to scan 
the system, then the environment and organizational subsystems. Because the 
external environment, operating under the principle of joint causation, may be 
the most influential subsystem in determining whether the sociotechnical system 
will be successful, achieving a valid organization/environment fit and joint opti
mization is essential. 

Within the system scan, there is often a gap between what the organization 
professes as its defining characteristics and its actual identity as observed from 
organizational behavior. It is thus useful to assess the nature and extent of this 
variance. To accomplish this, the formal company statements about mission (i.e., 
purpose), vision, and principles are identified and evaluated with respect to their 
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components. With regard to performance objectives, it is instructive to see 
whether and to what extent the organization places emphasis on targeted criteria; 
for example, is the welfare of employees emphasized in the professed values or 
guiding principles? Does the mission statement speak of "quality" products or 
processes, and if so, do processes support achievement of these goals? 

System scanning involves defining the workplace in systems terms, including 
defining relevant boundaries. Several tools are available to assist with scanning. 
The organization's mission is detailed in systems terms (i.e., inputs, outputs, 
processes, suppliers, customers, internal controls, and feedback mechanisms). 
The system scan also establishes the initial boundaries of the work system. As 
described by Emery and Trist (1978), there are throughput, territorial, social, and 
time boundaries to consider. 

Entities outside the boundaries identified during the system scan are part of 
the external environment. In the environmental scan, the organization's subenvi
ronments and the principle stakeholders within these subenvironments are identi
fied. Their expectations for the organization are identified and evaluated. 
Conflicts and ambiguities are seen as opportunities for process or interface im
provement. Variances are evaluated to determine design constraints and opportu
nities for change. The work system itself can be redesigned to align itself with 
external expectations, or conversely, the work system can attempt to change the 
expectations of the environment to be consistent with its internal plans and de
sires. According to sociotechnical systems theory, the response in part will be a 
function of whether the environment is viewed by the organization as a source of 
provocation or inspiration (Pasmore, 1988). Much of the time the gaps between 
work system and environmental expectations are gaps of perception, and com
munication interfaces need to be developed between subenvironment personnel 
and the organization. Design focuses on design or redesign of interfaces among 
the organizational system and relevant subenvironments to improve communica
tion and decision making. These interfaces are referred to as organization-or 
work system-environment interfaces. The type of information obtained appears 
in Table 4.1. As can be seen, consistent with a sociotechnical systems approach, 
variances are the focus. Several variances are noted between the current state and 
the desired (i.e., future) state. 

It is useful to develop organizational design hypotheses based on the environ
mental and system scans. By referring to the empirical models of the external 
environment (Hendrick & Kleiner, 2001), optimal levels of complexity (both dif
ferentiation and integration), centralization, and formalization can be hypothesized. 

Step 2: Defining Production System Type 
and Setting Performance Expectations 

The work system's production type can help determine optimal levels of 
complexity, centralization, and formalization. The system scan performed in the 
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TABLE 4.1 
System and Environmental Scan 

Item Current Desired 

Purpose Produce products for national Be the nation's model for restoration 
security and make a profit for of land systems and application of 
company. advanced restoration technologies. 

Philosophy • Management controls • Emphasize quality and safety 
• Do what it takes to get • Respect the environment 

throughput 

Objectives 
Technical Make a profit, maintain contract • Restore the environment for 

with customer, reduce costs. profitable use (education, 
agriculture, businesses). 

• Comply w/environmental 
regulations. 

• Develop marketable environmental 
technologies. 

Social Avoid strikes with union or • Develop cooperation among 
stockpile products to avoid employees and with external 
supply interruption. stakeholders. 

• High levels of quality and safety 
Outputs Weapons-grade materials, • Environmental restoration 

products expertise 
• Reservation environment safe for 

profitable or recreational use 
Inputs Unprocessed materials, product • Contaminated environment 

components, other raw materials • People willing to work and learn 

Boundaries Suppliers, products ready for Input: government regulations 
Throughput shipping are at the boundaries. Output: knowledge base in libraries 
Territorial Nuclear complex Nuclear complex and nearby schools 

doing training 
Social Company production employees Researchers supplying knowledge; 

are in the system. contractors, customer, and state 
become part of the work system. 

Time Fiscal year budget/contract period 20 years/ contract period 

Expectations 
Union-to-system Abide by contract. Work together to increase capabilities, 

Don't interrupt work, give safety and contributions of 
System concessions. employees and their families. 
News media Give information for big story. Give us a shot at good stories. 
System Don't make us look bad. Help change our image, publicity. 
State Abide by regulations, keep honest Joint: showcase what can be done 

records. through cooperation, publicity. 
System Cut us some slack to make 

products. 
Customer Products whenever needed No political embarrassment 
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TABLE 4.1 
(Continued) 

Item Current Desired 

System Profit, jobs, contract Contract, profit, showcase 
Local community Jobs, pride in community Jobs, pride in reclamation, safety 
System Labor force, no hassles Labor force, cooperation 

Presenting • Lack of cooperation and relationships with internal and external 
problems environment 

• Management needs to develop consistency between espoused vision and 
values and what it does. 

• Workforce may lack skills and desire to pursue clean-up 
• Lack of knowledge about what is in the ground or tanks 
• Lack of knowledge about how to clean up environmental hazards 

Future scenario Realistic: site closes, someone else Idealistic: get new contract, become 
comes to do cleanup, we get showcase on how to clean up, 
lawsuits for contamination, stock resulting in new contracts elsewhere, 
value depressed. favorable impact on stock value. 

(Adapted from Groesbeck, Sienknecht & Merida, 1998. Used with permission.) 

previous phase should help in this regard, and the analyst should consult avail
able production models. In this context, key performance criteria related to the 
organization's purpose and technical processes are identified. This requires a de
termination of success factors for products and services, but may also include 
performance measures at other points in the organization's system, especially if 
decision making is important to work process improvement. As described in 
Kleiner's (1997) framework adapted from Sink and Tuttle (1989), specific stan
dardized performance criteria guide the selection of specific measures which 
relate to different parts of the work process. Measures can be subjective, as in the 
case of self-reports, or measures can be objective, measured from performance. 

As illustrated in Fig. 4.1, Sink and Tuttle (1989) suggested organizational per
formance can be measured or assessed using seven performance criteria or clus
ters of measures: efficiency, effectiveness, productivity, quality, quality of work 
life (QWL), innovation, and profitability or budgetability. The seven perfor
mance criteria relate to specific parts of the organization as represented by an 
input-output model similar to that proposed by Deming (1986). Within a given 
performance criterion, specific measures can be derived. Data sources for each 
measure can be subjective, as in the case of self-reports, or can be based on ob
jective data. Kleiner (1997) contributed a flexibility criterion which related to 
each of these checkpoints as well, due to the increasing need to manage and 
measure flexibility in systems. 

According to Sink and Tuttle (1989), QWL includes safety as a criterion; 
however, the need for a healthy and safe working environment is differentiated 
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FIG. 4. i. Performance criteria in a work system (adapted from 
Sink&Tuttle, 1989). 

from QWL, the affective perception of the total work environment. The effi
ciency criterion focuses on input or resource utilization. Effectiveness focuses on 
whether objectives are realized. Productivity is operationalized as outputs/inputs. 
Innovation refers to creative changes to process or product that result in perfor
mance gains. Profitability is a standard business management criterion. For 
not-for-profit organizations, Sink and Tuttle (1989) introduced "budgetability" 
or expenditures relative to budget to replace the profitability criterion. Quality 
Checkpoints 2 and 4 correspond to traditional measures of quality control, tradi
tionally assured through inspection of inputs and outputs, respectively. Quality 
Checkpoints 1,3, and 5 are quality criteria popularized by Deming and the total 
quality management (TQM) movement. In essence, a TQM approach to quality 
moves resources from Checkpoints 2 and 4 exclusively and share resources with 
the other system checkpoints. Checkpoint 1 emphasizes the quality of suppliers, 
which has been operationalized within the quality movement in the form of 
supplier certification programs and processes. Checkpoint 3 in process control 
pertains to the use of statistical quality control charts to monitor and control 
processes. Checkpoint 5 refers to customer satisfaction, operationalized as the 
customer getting what is wanted and needed. Checkpoint 6 corresponds to TQM 
or the method by which the other criteria are managed. 

Once the type of production system has been identified and the empirical pro
duction models consulted, the organizational design hypotheses generated in the 
previous phase should be supported or modified until the personnel subsystem 
can be thoroughly analyzed as well. In terms of function allocation, requirements 
specifications can be developed at this juncture, including micro-ergonomic 
requirements. Also included are system design preferences for complexity, 
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centralization, and formalization. Clegg, et al. (1989) also suggested the use of 
scenarios that present alternative allocations and associated costs and benefits. 

Step 3: Defining Unit Operations and Work Process 

Unit operations are groupings of conversion steps that together form a com
plete piece of work and are bounded from other steps by territorial, technologi
cal, or temporal boundaries. Unit operations often can be identified by their own 
distinctive subproduct and typically employ 3 to 15 workers. They can also be 
identified by natural breaks in the process, i.e., boundaries determined by state 
changes (transformation), or actual changes in the raw material's form or loca
tion (input) or storage of material. For each unit operation or department, the 
purpose/objectives, inputs, transformations, and outputs are defined. If the tech
nology is complex, additional departmentalization (horizontal differentiation) 
may be necessary. If collocation is not possible or desirable, spatial differentia
tion and the use of digital integrating mechanisms may be needed. If the task 
exceeds the allotted schedule, then work groups or shifts may be needed. 
Ideally, resources for task performance should be contained within the unit, but 
interdependencies with other units may complicate matters. In these cases, job 
rotation, cross-training, or relocation may be required. Figure 4.2 illustrates the 

FIG. 4.2. Unit operations in tire manufacturing (adapted from 
Blanco & Duggar, 1998; used with permission). 
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identification of unit operations or groupings of sociotechnical systems and asso
ciated technical processes. 

The current workflow of the transformation process (i.e., conversion of inputs 
to outputs) should be flowcharted, including material flows, workstations, and 
physical as well as informal or imagined boundaries. In linear systems such as 
most production systems, the output of one step is the input of the next. In 
nonlinear systems such as many service or knowledge work environments, steps 
may occur in parallel or may be recursive. Unit operations are identified. Also 
identified at this stage are the functions and subfunctions (i.e., tasks) of the 
system (Clegg, et al., 1989). The purpose of this step is to assess improvement 
opportunities and coordination problems posed by technical design or the 
facility. 

Identifying the work flow before proceeding with detailed task analysis can 
provide meaningful context in which to analyze tasks. Once the current flow is 
charted, the macroergonomist or analyst can proceed with a task analysis for the 
work process functions and tasks. Figure 4.3 illustrates some of the technical 
production processes seen in tire manufacturing. 

Step 4: Identifying Variances 

A variance is an unexpected or unwanted deviation from standard operating 
conditions, specifications, or norms. STS distinguishes between input and 
throughput variances. For throughput variances, Deming (1986) distinguished 
between special or common causes of variation, the former being abnormal 
causes and the latter expected system variation from normal operations. Special 
variances need to be tackled first to get the work process in control, at which 
time common variation can be tackled for overall system improvement. For the 
ergonomist, identifying variances at the process level as well as the task level 
can add important contextual information for job and task redesign to improve 
safety and quality performance. By using the flowchart of the current process 
and the detailed task analysis which corresponds to the flowchart, the macro-
ergonomist or analyst can identify variances. 

Step 5: Creating the Variance Matrix 

Key variances are those variances that significantly impact performance crite
ria and/or may interact with other variances, thereby having a compound effect. 
The purpose of this step is to display the interrelationships among variances 
in the transformation work process to determine which ones affect which others. 
The variances should be listed in the order in which they occur down the Y-axis 
and the horizontal X-axis. The unit operations (groupings) can be indicated, and 
each column represents a single variance. The ergonomist can read down each 
column to see if this variance causes other variances. Each cell then represents 
the relationship between two variances. An empty cell implies two variances are 



4. ASSESSING WORK SYSTEM PROCESSES H


FIG. 4.3. Technical processes in tire manufacturing (adapted 
from Blanco & Duggar, 1998; used with permission). 

unrelated. The analyst or team can also estimate the severity of variances by 
using a Likert-type rating scale. Severity would be determined on the basis of 
whether a variance or combination of variances significantly affect performance. 
This should help identify key variances. 
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TABLE 4.2 
Identification of Key Variances in Tire Manufacturing 

Key Variance Unit Operation Type of Key Variance 

significant numerous significant 
downstream relationships impact as 

impact with other a single 
variances variance 

Raw material Mixing V V V 
consistency 

Raw material Mixing V V V 
composition 

Mixing duration 
Rubber quality 
Tread thickness 
Adhesive strength 
Quantity adhesive used 
Rubber to fabric 

Mixing 
Tread extrusion 
Tread folding 
Tread cementing 
Tread cementing 
Rubber 

V 
V 
V 
V 
V 
V 

V 
V 
V 
V 
V 
V 

V 
V 

V 
adhesion 

Bond consistency 
impregnation 

Rubber V V 

Wire to rubber adhesion 
Bond consistency 
Wire surface quality 
Wire to rubber adhesion 
Component dimensions 
Press force 
Press duration 

impregnation 
Bead building 
Bead building 
Bead building 
Wire enveloping 
First-stage building 
First-stage building 
First-stage building 

V 
V 
V 
V 
V 
V 
V 

V 
V 
V
V
V 
V 
V 

V 

V 
V 
V 
V 

(Adapted from Groesbeck, Sienknecht & Merida, 1998. Used with permission.) 

We identified key variances for the tire manufacturer, based on the variance 
matrix on the previous page. The types of variances discovered in this procedure 
are illustrated in Table 4.2. 

A variance is considered key if it significantly affects quantity of production, 
quality of production, operating costs (utilities, raw material, overtime, etc.), 
social costs (dissatisfaction, safety, etc.), or if it has numerous relationships with 
other variances (matrix). Typically, consistent with the Pareto principle, only 10 
to 20% of the variances are significant determinants of the quality, quantity, or 
cost of product. 

Step 6: Creating the Key Variance Control Table 
and Role Network 

The purpose of this step is to discover how existing variances are currently 
controlled and whether personnel responsible for variance control require addi
tional support. The key variance control table includes: the unit operation in 
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which variance is controlled or corrected; who is responsible; what control activ
ities are currently undertaken; what interfaces, tools, or technologies are needed 
to support control; and what communication, information, special skills, or 
knowledge are needed to support control. A key variance control table is illus
trated in Table 4.3 to demonstrate the types of data collected for key variances in 
order to better support the focal roles. 

A job is defined by the formal job description which is a contract or agree
ment between the individual and the organization. This is not the same as a work 
role, which is comprised of actual behaviors of a person occupying a position or 
job in relation to other people. These role behaviors result from actions and ex
pectations of a number of people in a role set. A role set is comprised of people 
who are sending expectations and reinforcement to the role occupant. Role 
analysis addresses who interacts with whom, about what, and how effective 
these relationships are. This relates to technical production and is important be
cause it determines the level of work system flexibility. 

In a role network, the role responsible for controlling key variances is identi
fied first. Although multiple roles may exist that satisfy this criterion, there is 
often a single role without which the system could not function. 

With the focal role identified within a circle, other roles can be identified and 
placed on the diagram in relation to the focal role. Based on the frequency and 
importance of a given relationship or interaction, line length can be varied, 
where a shorter line represents more or closer interactions. Finally, arrows can 
be added to indicate the nature of the communication in the interaction. A one-
way arrow indicates one-way communication, and a two-way arrow suggests 
two-way interaction. Two one-way arrows in opposite directions indicate asyn
chronous (different time) communication patterns. To show the content of the 
interactions between the focal role and other roles and an evaluation of the pres
ence or absence of a set of functional relationships for functional requirements, 
labels are used to indicate the Goal of controlling variances; Adaptation to short-
term fluctuations; Integration of activities to manage internal conflicts and pro
mote smooth interactions among people and tasks; and Long-term development 
of knowledge, skills, and motivation in workers. Also, the presence or absence of 
particular relationships is identified as Vertical hierarchy; Equal or peer; Cross-
boundary; Outside; or Nonsocial. 

The relationships in the role network are then evaluated. Internal and external 
customers of roles can be interviewed or surveyed for their perceptions of role 
effectiveness as well. Also, the organizational design hypotheses can be tested 
against the detailed analysis of variance and variance control. The role analysis 
and variance control table may suggest, for example, a need to increase or de
crease formalization or centralization. If procedures are recommended to help 
control variances, this increase in formalization must be evaluated against the 
more general organizational design preferences suggested by the environmental 
and production system analyses. 



TABLE 4.3 
A Variance Control Table for Tire Manufacturing 

Unit 
Operation 

Key Where Where Where Controlling Controlling 
Variance Occurs Observed Controlled Role Action Information Needed 

4: Width of Unit Unit Unit *Machine *Machine *Reports from machine operators 
rubber Operation 2: Operation Operation 2: maintenance adjustments and quality inspectors 
strip Extrusion 2 or 7: Extrusion *Machine *Machine adjustments *Visual inspection acceptance 

Extrusion or operator or call maintenance standards, product observation 
tire building personnel 

*Quality * Stop production or *Weight of product, weight 
inspectors reject failed products standard 

6: Weight Unit Unit Unit *Machine *Machine *Reports from machine operators 
of rubber Operation 2: Operation Operation 2: maintenance adjustments and quality inspectors 
strip Extrusion 2 or 7: Extrusion *Machine *Machine *Visual inspection acceptance 

Extrusion or operator adjustments or call standards, product observation 
tire building maintenance 

personnel 
*Quality * Stop production *Weight of product, weight 

inspectors or reject failed standard 
products 

7: Amount Unit Unit Unit *Machine *Machine *Reports from machine operators 
of cement Operation 2: Operation Operation maintenance adjustments and quality inspectors 
applied Extrusion 2 or 7: 2 or 7: *Machine *Machine *Visual inspection acceptance 

Extrusion or Extrusion or operator adjustments or call standards, product observation 
tire building tire building maintenance 

personnel 



*Quality * Stop production *Visual inspection to determine if 
inspectors or reject failed cement is holding 

products 

8: Quality Unit Unit Unit *Incoming-Quality *Reject batches of *Product observation, measurements, 
of fabric Operation 3: Operation Operation 3: Inspector inferior quality acceptance standards, and 

Calendering 3 or 7: Calendering and/or call supplier incoming-product/supplier 
Calendering certification 
or tire 
building 

*Machine *Call incoming-quality *Visual observation and acceptance 
operator inspector standards 

26: Shape Unit Unit Unit *Machine *Machine *Reports from machine operators 
after Operation Operation Operation 8 maintenance adjustments and quality inspectors 
molding 8: Curing 8 or 9: or 9: Curing *Machine *Machine *Visual inspection acceptance 

Curing or or finishing operator adjustments or call standards, product observation 
finishing maintenance 

personnel 

^Quality * Stop production *Product observation, results from 
inspectors or reject failed roundness and balance inspection, 

products and acceptance standards 

(Adapted from Blanco & Duggar, 1998. Used with permission.) 



8O ROBERTSON, KLEINER, O'NEILL 

Step 7: Performing Function Allocation 
and Joint Design 

Having previously specified system objectives, requirements, and functions, it 
is now time to allocate systematically functions and tasks to human and machine 
or computer. It is helpful to review the environmental scan data to check for any 
subenvironment constraints (e.g., political, financial, etc.) before making any 
mandatory allocations (Clegg, et al., 1989). Next, provisional allocations can be 
made to the human(s), machine(s), both, or neither. In the latter case, a return to 
developing requirements may be appropriate using four groups of criteria: techni
cal feasibility; health and safety; operational requirements (i.e., physical, informa
tional, performance); and function characteristics (i.e., criticality, unpredictability, 
psychological). (See Kleiner (1998) for a review of macroergonomic directions 
and issues in function allocation.) 

Technical changes are made to at best prevent, or at worst, control key vari
ances. Human-centered design of the following may be needed to support opera
tors as they attempt to prevent or control key variances: interfaces, information 
systems to provide feedback; job aids; process control tools; more flexible tech
nology; work station or handling system redesign; or integrating mechanisms. 

After considering human-centered system changes in the previous step, it is 
time to turn our attention to supporting the person directly by addressing knowl
edge and/or skill requirements of key variances and any selection issues that may 
be apparent. In the variance control table, we identified who controls variances 
and the tasks performed to control these variances. At this stage, we suggest 
personnel system changes to prevent or control key variances. This may entail 
specific skill or knowledge sets that can be acquired through technical training, 
formal courses, workshops, or distance learning. 

At this point in the process, organizational design hypotheses have been gen
erated and iteratively adjusted as new analyses are performed. It is now time to 
take the specifications for organizational design levels of complexity, centraliza
tion, and formalization and produce specific structures. Depending on the level 
of work system process analysis, this may require design/redesign at the organi
zational level or at the group/team level or at both levels. 

Step 8: Understanding Roles and Responsibilities 
Perceptions 

It is important to identify how workers perceive their roles documented in the 
variance control table, especially if the table was initially constructed by those 
who do not occupy the roles identified. Through interviews, role occupants can 
participate in an analysis of their perceptions of their roles. The analyst can com
pare expected roles with perceived roles and can identify whether there are any 
gaps. If there are any discrepancies, these variances can be managed through 
training and selection as well as technological support. Essentially, two role 
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networks are operating, the one needed and the one perceived. Any variation 
between the two can be reduced through participatory ergonomics, training, 
communication, interface design, or tool design. 

Step 9: Designing/Redesigning Support Subsystems 
and Interfaces 

Consistent with the STS design principle, "support congruence" (Taylor & 
Felton, 1993), now that the work process has been analyzed and jointly designed, 
other internal organizational support subsystems may require redesign (e.g., 
management system, reward system, maintenance). The goal is to determine the 
extent to which a given subsystem impacts the sociotechnical production system; 
to determine the nature of the variance; to determine the extent to which the vari
ance is controlled; and to determine the extent to which tasks should be taken 
into account in redesign of operating roles in the supporting subsystem units. 

According to the Clegg, et al. (1989) method of function allocation, individ
ual and cumulative allocations made on a provisional basis earlier can be further 
evaluated: requirements specifications (including the scenarios developed 
earlier); resources available at the time of implementation (including human and 
financial); and the sum total outcome. In addition to a check of function alloca
tion, interfaces among subsystems should be checked and redesigned at this 
juncture. 

Especially at the team and individual levels of work, the internal physical en
vironment should be ergonomically adjusted if necessary to promote human 
well-being, safety, and/or effectiveness. Evaluating the technical and personnel 
variance analyses, we can assess whether there are physical environmental 
changes that will promote improvement. These changes might include changes 
to temperature, lighting, humidity, noise control/hearing protection, etc. 

Step 10: Implementing, Iterating, and Improving 

At this point, it is desirable to execute or implement the work process changes 
prescribed, design interfaces, and allocate functions. Because in most cases, the 
macroergonomic team will not have the authority to implement the changes 
suggested by the analysis, proposals with recommendations for change may be re
quired for presentation within the formal organizational structure. Such proposals 
should be consistent with the macroergonomic principles and should include, for 
example, both technical and social objectives, participatory ergonomics, and mul
tidimensional performance improvement predictions. Based on the proposal 
feedback, modifications to the proposal may be necessary, which will require a 
return to the earlier step that represents a challenged assumption or design. 

This process is iterative. For continuous improvement (i.e., the STS principle 
of "incompletion"), evaluations may suggest a return to an earlier step in the 
process for renewed partial or full redesign. Once the proposal for change is 
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accepted and implementation begins, regular reviews of progress are required. 
To complement the weekly formative evaluations performed by the implementa
tion team, semiannual formative evaluations should be performed by an objec
tive outside party. This evaluation should be presented to the implementation 
team, and a constructive dialogue about expectations and progress-to-date should 
be conducted. 

OFFICE WORK SYSTEMS 

Background 
Intensive use of computer and information technology for long periods of time in 
the office workplace calls for an examination of employee performance and pos
sible work-related health and stress problems. The nature of these technologies 
and the work environment influence employee musculoskeletal fatigue, discom
fort, and pain (e.g., Cakir, Hart & Stewart, 1978; Smith & Carayon, 1989; 
Sauter, Dainoff & Smith, 1990) and may have an adverse effect on work effec
tiveness, stress, and work-related musculoskeletal disorders (WMSDs) (e.g., 
Bongers, De Winter, Kompier & Hildebrandt, 1993; Kuorinka & Forcier, 1995). 

The method we describe in this section for work system process assessment has 
most often been applied to office work systems (e.g., Kleiner, 1998; Robertson & 
O'Neill, 1987; Robertson & Rahimi, 1990) but potentially could be used for indus
trial work systems. 

Office systems, or "knowledge work systems," by their nature are complex to 
study because of their multivariate characteristics. Understanding the potential 
causal factors of problems arising from poorly designed office work systems re
quires a macroergonomic approach using systems analysis and processes. 
The traditional micro-ergonomic approach to office work environments empha
sizes the microscale aspect of the work environment at the individual worksta
tion (e.g., keyboard, screen image, manuscript placement, etc.) (Robertson & 
Rahimi, 1990; Sauter, et al., 1990). If we broaden this approach to a macro-
ergonomic level, other factors such as: physical environmental variables (e.g., 
layout, storage, and adjustability); work tasks; work organization; organizational 
structure; technology characteristics; and psychosocial variables are recognized 
to impact individual, group, and organizational performance (O'Neill, 1998; 
Robertson & O'Neill, 1997, 1999; Robertson & Rahimi, 1990; Smith & Sainfort, 
1989; Swanson & Sauter, 1999). Understanding the interrelationships of these 
elements of the work system, and their effects on health, stress, work, and orga
nizational goals, is necessary to provide a comprehensive perspective of office 
environments. 

With a macroergonomic approach, systems tools and processes are used to 
develop strategic criteria for the design of an office work system in which the 
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social and technical subsystems are aligned with the organizational mission. The 
strategic criteria are akin to a "performance specification" for the entire work 
system. Using these strategic criteria, problem-solving tools, such as ergonomic 
analysis for workstation or job design, can be employed to enhance organiza
tional effectiveness. Prior research suggests that there is the potential for trans
lating the findings from such a macroergonomic approach into relevant office 
system design and organizational planning interventions (e.g., see Chapter 3; 
also, Hendrick, 1997; O'Neill, 1998; Robertson & Courtney, 2001; Robertson & 
O'Neill, 1997; Robertson & Robinson, 1995). 

This section provides an overview of a systems analysis tool (SAT) that 
employs a macroergonomic approach to identify problems and probable causal 
factors related to office work environments. SAT also provides a process for de
veloping strategic and systematic solutions for solving problems arising in a 
computer-intensive office environment. The interventions and solutions pre
sented here are based on 20 years of research and case studies drawn from a 
global sample of office environments. In addition, SAT guides the development 
of alternative solutions, a cost/benefits assessment of each alternative solution, 
information to support the selection and implementation of solutions, and feed
back and measurement of changes in worker performance due to the process. By 
applying SAT, the interaction and fit of the office worker, job tasks, organiza
tional structure, and physical environment are aligned around organizational 
goals, resulting in increased worker health and effectiveness. 

Applying the Systems Analysis Tool— 
Understanding Office Work Systems 
In applying systems analysis, the level of analysis is targeted at the business unit 
or departmental level, where the business mission and objectives are identified, 
as well as individual and group goals in support of that mission. 

The systems analysis tool we describe here is frequently used in business and 
industry and based on the work of Mosard (1982) and the early work of Hall 
(1969). There are six analytic steps: 

1. Defining the problem: the problem factor tree 
2. Setting objectives, developing an evaluation criteria table, and developing 

alternatives: the objective/activity tree 
3. Modeling the alternatives: the input-output flow diagram 
4. Evaluating alternatives: the criteria scorecard: cost/benefit analysis 
5. Selecting an alternative: the decision table: selecting an alternative based 

on future conditions 
6. Planning for implementation, evaluation, and modification: scheduling and 

project management flow 
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Step 1: Defining the Problem—The Problem 
Factor Tree 

Complexity is inherent in performance problems, therefore, a systematic ana
lytic approach to issue definition is necessary. From data previously collected 
or recently observed, a problem factor tree (PFT) is constructed which identifies 
the problem, subproblems, and causal factors, including their interrelationships 
(Hall, 1969; Mosard, 1982). 

A completed problem factor tree depicts a hierarchical, logical structure iden
tifying the elements of the problem (Fig. 4.4). To develop a PFT, work issues 
and problems are precisely stated and associations between the issues are linked 
using causal and logical inference (Mosard, 1982). The lower-level causal fac
tors in the PFT are selected as being potential contributors to the major, higher-
level problem. Feedback loops may also be incorporated. In a recent project, we 
created a high-level problem statement for an office work system, stated as: "An 
increase in turnover, lost work days, and claims disabilities, and a decrease in 
performance and effectiveness of office workers associated with occupational 
stress from office technologies and office system design" (see Fig. 4.4). Implicit 
in this statement, we hypothesized that this high-level problem was caused 
by occupational stress from office technologies and workplace design. Further 
research revealed two underlying subproblems: (1) psychosomatic stress, and 
(2) physiological stress. In addition, two subproblems relating to psychosomatic 
stress were found: (1) psychosocial disturbances, and (2) perceived lack of envi
ronmental control (see Fig. 4.4). 

Figure 4.4 also shows other potential causal factors that contribute to the de
fined problem. These include lack of job content, poor job design, and lack of 
flexible workstation design. These are depicted at the base of the hierarchical 
structure. For the potential causal factors in job content and job design, several 
individual and group level factors are identified and shown in the middle of the 
tree. Elements of poor job design may include teamwork or collaborative prob
lems at the departmental level, such as cross-functional teams, or at the individ
ual level of a small, informal group gathering. Job content and job design are 
viewed as the main element of the social subsystem. Potential casual factors in 
the technical subsystem are primarily located in the workstation design, layout 
configuration of the workspace, and VDT design. Of the many subproblems 
identified in regard to physiological stress, two are of paramount importance: 
visual and musculoskeletal discomforts. Other potential factors are shown, 
contributing to both of these subproblems, including lack of flexible workstation 
design, improper VDT screen design, and improper layout and design of the 
workstation (see Fig. 4.4). 

The problem factor tree depicts the associated factors and subproblems that 
represent the integration of micro-ergonomic and macroergnomic office system 
components and subsystems, including organizational and job design issues. This 
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initial step of the system analysis lends itself to developing an understanding of 
the technical and social subsystems as well as the work environment subsystem. 
Other robust and valid systems tools based on sociotechnical processes can be 
applied together with this particular system approach and model (e.g., Hendrick, 
1997; Smith & Sainfort, 1989). 

Step 2: Setting the Objectives and Developing 
Alternatives—The Objective/Activity Tree 

Objectives and evaluation criteria are developed for use in selecting the best 
alternative to address the causal factors. An objective tree is a hierarchical, 
graphical structure of objectives that address previously identified problems 
(Mosard, 1983). The tree is created by identifying major needs, goals, objectives, 
and subobjectives. In Fig. 4.5, the objective tree is depicted in the upper half of 
the figure and shows the major goals as: (1) decrease lost work days, claims 
disabilities, and turnover, and (2) increase performance and effectiveness of 
office workers by alleviating occupational stress from office system design and 
technologies. 

The objective tree shown in Fig. 4.5 addresses the inherent psychological and 
physiological health problems identified in the system. Alternatives are defined 
as a specified set of activities, tasks, or programs designed to accomplish an 
objective (Mosard, 1982). The objective/activity tree in Fig. 4.5 illustrates four 
alternatives, listed as A through D, and an associated set of activities for each. 
Four subobjectives are defined: (a) redesign the job and job content, (b) ergo
nomically redesign the workstation and environment, (c) to train managers, and 
(d) ergonomically redesign the workstation and environment, train managers in 
job and workstation redesign and awareness, and write an office ergonomics 
manual. The degree of interaction among objectives, constraints, and the per-
sons/groups involved in the process should also be analyzed (Mosard, 1982). Hy
brid alternatives may be created that incorporate the best features of any of the 
initially identified alternatives. Alternative C is a hybrid alternative representing 
one of the many possible combinations of common activities. The four alterna
tives depicted were derived from case studies, field research, and longitudinal 
studies representing typical approaches implemented by companies to achieve the 
objective listed at the top of Fig. 4.5 (e.g., O'Neill, 1998; Robertson & Robinson, 
1995; Robertson, Robinson, O'Neill & Sless, 1998; Smith & Sainfort, 1989). 

After the objectives and alternatives are selected, a preliminary decision crite
ria table is developed. This table is used to evaluate the "usefulness" of each of 
the alternatives as methods for accomplishing the objectives. Decision criteria 
typically include risks, costs, expected benefits, and measure of effectiveness, 
based on short-term and long-term perspectives (Mosard, 1982). Table 4.4 
presents an example of a preliminary decision criteria table for evaluating office 
ergonomic alternatives. 
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Fig. 4.5 An objective/activity tree illustrating four sets of alterna-
tives/activities or organizational interventions for office work sys
tems. The lower-level objectives contribute to the attainment of 
the middle-level objectives, which in turn contribute to the upper-
level needs or goals. The alternatives/activities are specified to 
identify the necessary expertise to design the office work sys
tems intervention. 



TABLE 4.4 
Preliminary Decision Criteria (Short and Long Term) 

Scope 

I.Will help the 
entire 
organization 
internally and 
externally 

2. Long-term 
program 
effectiveness 
and efficiency 

Risk of Failure 
(Obstacles to Success) 

1 . Employees 
resistant to 
change 

2. Employees 
inability to 
learn new skills 

3. Lack of management 
acceptance 
and support . 

4. Training programs 
lag behind 
current knowledge 

5. Lack of active 
employee 
participation 

6. Current job design 
inappropriate for 
new workplace 
designs 

7. Stress from 
changes in the 
environment/technology/ 
work organization 

8. Fail to utilize 
training manuals and 
materials 

9. Lack of management 
reinforcement and 
feedback 

Costs: 
Short & Long 

Term 

1. Materials & equipment 

2. Resources (physical and 
human) 

3. Decrease in 
performance 

4. Ergonomic job design 
and training programs 

5. Decrease in product 
quality 

6. Production downtime 

Benefits/Effectiveness 

1 . Increase in morale; 6. Decrease in 
quality of work life turnover 

2. Decrease in 7. Decrease in job 
absenteeism (e.g., stress 
lost work days) 

3. Decrease in 8. Increase in health and 
worker's well-being 
compensation 
cases (medical
related costs) 

4. Increase in product 9. Decrease in 
quality; customer number of claims 
satisfaction 

5. Increase in 10. Decrease in 
productivity insurance costs 

1 1 . Increase group 
collaboration 

This table presents a preliminary decision criteria which will be used in step 4 to evaluate each alternative. Creating this table begins the process of identifying 
critical decisions criteria. 
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Step 3: Modeling the Alternatives— 
The Input-Output Flow Diagram 

A predictive model representing either each alternative set of activities or 
representing the entire system is developed next. The purpose of this approach is 
to allow alternative configurations to the systems to be analyzed. The system 
element interrelationship and/or gross resource requirements are depicted in 
order to determine the effectiveness of each alternative set of activities (Mosard, 
1983). 

Modeling techniques such as flowcharts, simulation, and systems dynamics 
modeling may also be used in this step. The model used in this analysis is an 
input-output flow diagram (Mosard, 1982). In an input-output flow diagram, the 
inputs consist of people, resources, and information, and the outputs are the re
sults and products of the system. These outputs can, in themselves, become the 
sources of inputs to other subsystems, and thus extend the diagram to represent 
fully the entire system being analyzed. Figure 4.6 illustrates the two phases of 
this model: the redesign phase, and the operation phase. Inputs for the redesign 
phase include contributions from two general areas, human resources and finance. 
In the human resources component, individuals such as industrial psychologists, 
managers, employees, human resource managers, ergonomists, facility opera
tions, trainers, and health and safety managers are included. The activities for 
each redesign project or program are listed for phase 1, shown in the left input 
box in Fig. 4.6. At the end of the redesign phase, the outputs become the inputs 
for the second phase, the operation phase; for example, in the job redesign pro
gram, managers and employees have acquired new skills and the jobs have been 
analyzed and redesigned. The managers and the employees will now interact 
within their own work systems, and the results of these interactions are presented 
in the outputs (e.g., increase in performance, decrease in job stress, decrease in 
injury claims and worker's compensation cases). Overall, these outputs fall into 
three categories: changes in employee and group behaviors, organizational fac
tors, and reduction in business costs. 

Step 4: Evaluating the Alternatives— 
The Criteria Scorecard: Cost/Benefit Analysis 

The alternatives are evaluated by measuring each alternative set of activities 
and then comparing them against each other. For this process we refer to the 
major decision criteria and the preliminary decision table. These criteria gener
ally include: project cost, risk of failure, effectiveness, and benefits for all appro
priate future conditions. An evaluation criteria "scorecard" is developed for use 
in evaluating and comparing alternatives (Table 4.5). The scorecard incorporates 
the preliminary decision criteria defined in Step 2, and is biased to take a long-
term perspective. 
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FIG. 4.6. A model presenting an input-output flow analysis. The 
two phases of this model for alternative C are the redesign 
phase and the operation phase. Alternative C is: 'To redesign 
job/job content; to economically redesign workstation and envi
ronment; to train managers; and to distribute an office ergonom
ics manual." 

The model in Fig. 4.5 shows that four alternatives were created based on pro
jects conducted with numerous business organizations (Robertson & O'Neill, 
1995; Robertson, et al., 1998; Smith, Sauter & Dainoff, 1990). To complete a 
comprehensive cost-effective analysis for these alternatives, an economic advan
tage analysis was conducted. The economic advantage analysis identifies costs 
and benefits to provide an economic analysis for each alternative (Robertson & 
O'Neill, 1995; Robertson & Rahimi, 1991). This analysis provides additional de
tail, which links the costs for each proposed program or change to the physical 
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TABLE 4.5 
Evaluation Criteria Scorecard: Economic Advantage Analysis of Each Office 

Work System Alternative1 

Project Risk Overall 
Alternatives Cost of Failure Effectiveness Benefits Rating 

Alternative A: 
Redesign job/ -3 -2 +5 +6 6 

job content ($175,000)2 (10%)3 (Moderate) 
Ratings: 

Alternative B: 
Ergonomically redesign — 4  —3 +5 +6 4 

workstation and ($370,000)2 (10%)3 (mODERATE 
environment 

Ratings: 
Alternative C: 
Redesign job/job content, —8 —1 +9 +9 9 

economically redesign ($590,000)2 (26%)3 (High) 
workstation and 
environment, train 
managers and 
distribute office 
ergonomics manual 

Ratings: 
Alternative D: -6 -2 +7 +8 7 
Ergonomically redesign ($440,000)2 (17%)3 (Moderate-High) 

workstation and 
environment, train 
managers and 
distribute office 
ergonomics manual 

Ratings: 

'In the four categories of Effectiveness, Risk of Failure, Cost, and Benefits each alternative 
(A thru D) was subjectively rated on a scale ranging from 0 to 10 or 0 to —10. Because Risk of Failure 
and Project Cost are potentially negative characteristics, a rating scale ranging from 0 to —10 was 
used. A 0 rating indicates no cost; a —10 rating indicates a high cost. Effectiveness and Benefits are 
positive outcomes and therefore were rated on a 0 to 10 scale. A 0 rating indicates a low level of 
benefit/effectiveness; a 10 rating indicates a high level of benefit/effectiveness. The scores from each 
of the four categories were summed to determine the "Overall Rating" from each alternative. Along 
with the numerical ratings. The table shows subjective descriptors of the ratings in parentheses below 
each number in the "Overall Rating" column. Along with the numerical ratings, the table shows the 
potential percentage increase in employee performance for each alternative in parentheses below the 
ratings. Along with the numerical ratings, the table shows the approximate "Project Cost" in dollar 
amounts for each alternative in parentheses below the ratings. 

2Costs are calculated per 100 employees. 
3Benefits are evaluated in terms of percent increase in worker and group performance. 
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work environment to the potential gain in productivity or reduction in health 
costs resulting from the program investment. 

The economic advantage analysis also identifies costs and effectiveness met
rics, including: (1) human resource costs (e.g., compensation, salary, turnover, and 
absenteeism, workers' compensation costs, injury costs); (2) facilities costs (work 
environment) (e.g., rentable space, operating costs, annual facility costs, furniture 
investments, technology and information investments, work environment strategy 
costs, construction costs); and (3) effectiveness measures—organizational (e.g., 
process efficiency, work environment changes, customer satisfaction, space utiliza
tion), unit/department (e.g., product development time, successful projects, num
ber of customers) and group and individual (e.g., error rates, amount of 
completed work, quality). These cost/benefit metrics are used for each proposed al
ternative to determine the economic advantage of each alternative or program/ ac
tivities and may be expressed as a percentage of annual compensation demon
strated over "x" years. 

Step 5: Selecting an Alternative— 
The Decision Table 

The value of each alternative program or intervention is established using 
weighted values. These weighted values are based on objective and subjective 
measures. A decision table similar to Table 4.6 is used to structure this informa
tion, with alternatives listed on the "Y" axis and the future condition statements 
on the X axis. A probability is determined for each of the stated future condi
tions. An example of a future condition could be the probability and level of 
funding for the program. Each alternative would be evaluated in terms of level of 
funding and the probability of being funded. 

Step 6: Implementation, Evaluation, 
and Modification 

A schedule and sequence of tasks, responsibilities, and requirements is devel
oped for the implementation activities. This schedule might include a contin
gency plan with scheduled decision points and decision responsibilities. There 
are several scheduling techniques that are available that can be used as well as 
software applications for creating databases containing effectiveness measures, 
costs, and other pertinent metrics collected during the systems analysis. 

One such implementation scheduling technique is the DELTA chart. The 
DELTA chart is a multipurpose flowchart that can be used to show aspects of major 
decisions (timing, responsibilities, and choices), events (timing and duration), and 
activities (timing, duration, and responsibilities) for the implementation time frame. 
Figure 4.7 presents a DELTA chart for the implementation of alternative C. This 
chart provides an overview of plans for initiating and implementing the selected 
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TABLE 4.6 
Decision Table: Selecting an Office Work Systems Alternative Based on 

Future Conditions 

Future Conditions High Level Moderate Level Low Level 
(e.g., funding) of Funding of Funding of Funding 
Probability of Funding 0.5 0.25 0.25 

Alternative A: 
Redesign job/job content  4 2 2 

Ratings* 

Alternative B: 
Ergonomically redesign  5 1 3 

workstation and environment 
Ratings* 

Alternative C: 
Redesign job/job content,  1 6 7 

economically redesign workstation 
and Environment; train managers and 
distribute office ergonomics manual 

Ratings* 

Alternative D: 
Ergonomically redesign workstation  2 4 5 

and Environment; train managers and 
distribute office ergonomics manual 

Ratings* 

*The numbers indicate the selection preference rankings based on the weighted criteria and overall 
rating score from Table 1. Each alternative was subjectively rated on a 0 to 10 scale, where a 0 rating 
indicates a low preference and a 10 rating indicates a high preference. 

activities. This figure shows specific requirements for the project leaders (PL), in
cluding ergonomists, human resource managers, industrial psychologists, and facili
ties and real estate managers. Senior managers in the finance department, including 
other top managers, are shown as the major decision-makers and leaders. 

Several other activities also occur in this step to define the process of provid
ing feedback to the decision-maker in the company regarding the results of the 
program. Using information gathered from the evaluation and feedback 
processes, selected modifications and changes to the program also occur. This 
process is a continuous feedback loop of applying the systems analysis approach 
to solve problems and to measure the effectiveness of the program continuously. 

CONCLUSION 

A macroergonomic approach to office work system analysis identifies the salient 
variables that influence employee health, stress, and performance and creates 
a systematic method for addressing these issues in a cost-effective manner. 
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FIG. 4.7. This figure depicts a DELTA chart for the implementa
tion of alternative C. This chart provides an overview of plans for 
initiating and implementing the selected activities. 

Typically, companies focus on microscale solutions, but these tend to result in 
technology-centered designs, a "leftover" approach to function and task allocation, 
and a failure to consider an organization's sociotechnical characteristics and in
tegrate them into its work system design (Hendrick, 1986a, 1986b). Such work 
system design deficiencies, in turn, lead to poor performance, job dissatisfaction, 
and increased risk to worker health and safety. 

The important benefits of the macroergonomic approach are the understand
ing of work systems and the effective integration of micro-ergonomic and 
macroergonomic approaches for solving organizational problems related to work 
system environments. The systematic approach represented by the tool we 
outlined in this section can assist ergonomists, health and safety professionals, 
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and organizational planners in the process of analysis, design, and implementa
tion of organizational change. In addition, this tool integrates the use of metrics 
that can help decision-makers in the organization make informed decisions about 
the upfront costs of new programs along with the longer term benefits and im
pacts to the company. Due to rising business operating costs, as well as recent 
state and pending federal legislation, companies need a systematic tool to aid in 
the process of making strategic investments to comply with legislation and sup
port their workers' health and effectiveness. Applying a macroergonomic analy
sis approach enhances an organization's competitive advantage by improving the 
interaction between the subsystems and fit of the office worker, the job, the phys
ical environment, and the organizational structure. The result is an alignment of 
the subsystems with the organizational mission and specific objectives, and a 
healthful and effective work environment. 



h 

Other Methods

for Assessing Work


Systems


Hal W. Hendrick 
University of Southern California 

CLASSICAL METHODS 

A number of the methods that historically have been used in organizational 
studies have been adopted for use in macroergonomic research and application. 
The most widely used of these classical methods are the laboratory experiment, 
field study, field experiment, organizational questionnaire survey, interview 
survey, and focus group (Hendrick, 1997; Hendrick & Kleiner, 2001). A brief 
description of these six methods, as modified for macroergonomic use, follows. 
Actual applications of a number of these methods are demonstrated in the studies 
summarized in Chapter 7. 

Laboratory Experiment 
In most scientific disciplines, the laboratory experiment is the researcher's 
primary approach for determining causal relationships. This method is called the 
laboratory experiment because the researcher typically conducts the study in 
some form of laboratory where the conditions can be controlled and changes 
precisely observed and measured. The researcher manipulates some independent 
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variable of interest while controlling or otherwise discounting the effects of other 
variables that might affect the dependent variable. If a change occurs to a depen
dent variable of interest, the cause of the change can more clearly and efficiently 
be attributed to the independent variable than with other research approaches, 
such as those described below. 

Advantages. The laboratory experiment has several major advantages. 
First, the researcher can be fully prepared to make accurate observations. 
Second, the researcher, can repeat the observations under the same conditions to 
see if the results are the same. If the results replicate, then the researcher can 
have more confidence that there is, in fact, a cause and effect relationship. Third, 
it enables other experimenters to duplicate the study and make an independent 
check of the results. Finally, the researcher can vary the conditions systemati
cally and note the variation in results. 

Disadvantages. The laboratory approach has one major disadvantage. That 
is its lack of realism. In real life, things do not occur in isolation. There often are 
interactions among the causal variables that determine the effects on the depen
dent or outcome variables. The sterile environment of the laboratory thus may 
change the nature not only of the situation, but also of the motivation of the partic
ipants, which may be quite different from that in the field environment. Also, lab
oratory subjects may not be representative of the actual worker populations they 
are intended to represent (e.g., using college sophomores as laboratory subjects). 

Macroergonomic Applications. In actual practice, the magnitude of the 
realism shortcoming depends on the nature of the problem and one's ability to 
simulate actual field conditions in the lab. In macroergonomic applications, we 
typically attempt to simulate an actual work system environment in the labora
tory that enables us to systematically manipulate either work system or socio
technical variables of interest (e.g., complexity, centralization, formalization) 
and systematically observe and record the impact on various performance vari
ables of interest (see Chapter 7). 

Field Study Method 
The field study method also is variously referred to as systematic or naturalistic 
observation and as real-life research. These terms, taken together, provide a good 
description of this approach. It involves going out into the field to systematically 
observe events as they occur naturally in real life. 

Advantages. The field study method's primary advantage is realism. By 
observing things as they occur naturally, the researcher avoids the sterility and 
artificiality of the laboratory. However, a caution is in order here: It is important 
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for the researcher to recognize that his or her very presence changes the situa
tion, and thus can affect what happens. The researcher has to take great care to 
be as unobtrusive as possible. But because of this method's realism, when the 
researcher is able to establish cause and effect relationships we can have high 
confidence in the practical usefulness of the results. 

Disadvantages. There are two major disadvantages to the field study 
method. First, the researcher has to wait for things to occur naturally. Conse
quently, the observation process may take a long time and incur considerable 
expense before any cause and effect relationships can be established. Second, the 
researcher may have to observe things occurring naturally many times under var
ious conditions before extraneous variables can be eliminated as causal factors 
and the true causal variables teased out and their interactions identified. 

Macroergonomic Applications. A common use of the field study 
approach in macroergonomics is to examine existing performance records for a 
given work system, and the specific conditions or nature of the work system 
under which those performances occurred. Through this approach, it often is 
possible to identify problem areas with the work system's design that are 
amenable to macroergonomic intervention—and to gain insight as to the nature 
of the macroergonomic intervention that is needed. 

Field Experiment Method 
Perhaps the most widely used of the classical methods in macroergonomic inter
ventions is the field experiment. The field experiment differs from the field study 
in that, instead of passively observing events as they occur naturally, the macro-
ergonomist acts as a change agent: Selected variables are deliberately and sys
tematically manipulated and the effect on the outcome or performance variables 
of interest are observed. 

Advantages. To a large extent, the field experiment combines the advan
tages of the field study and the laboratory experiment while overcoming their 
major disadvantages. Like the laboratory study, the researcher deliberately mani
pulates the dependent variable(s) of interest, thus overcoming the field study's 
problem of having to wait for things to occur naturally. In addition, the field 
experiment gains the field study's advantage of realism. In comparison with the 
field study, the field experiment is more efficient in terms of time and related 
costs. 

Disadvantages. By "artificially" causing a desired change to occur, the 
researcher or change agent may be introducing extraneous variables that influence 
the effects of the change. In macroergonomic field experiments, one such 
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problem can be the employees' perceptions of the purpose of the change. How 
employees perceive the intervention can alter how they respond to it and their 
related motivation. Also, how changes are implemented can sometimes deter
mine the success or failure of the intervention. 

Sometimes, the cost of using workers in field experiments or quasi-experiments 
may be seen by organizations as too prohibitive. For this reason, in presenting 
such a proposal to management, it is important to include a sound cost-benefit 
analysis. 

Macroergonomic Applications. One effective way of using a field 
experiment is as a follow-on to an initial field study. An initial field study can sug
gest possible dependent variables that then can be manipulated in a field 
experiment; for example, a review of performance records and a sociotechnical 
analysis of the work system's organizational structure, such as described in 
Chapter 3, may indicate where a structural change is needed. The change then can 
be made and the impact on the work system's performance observed. Sometimes 
this work system change will be done in a particular part of the organization to test 
it. If the change proves effective, it then will be implemented on a larger scale. Be
cause of the potential problems of employee acceptance and support of the change, 
the field experiment often is combined with a. participatory ergonomic approach to 
effect the intervention (as noted in Chapter 2, employees are far more likely to ac
cept and support changes where they are actively involved in the change process). 

Organizational Questionnaire Surveys 
The most widely used method for evaluating organizational functioning and 
identifying deficiencies is the written survey questionnaire. In fact, most large 
corporations and many smaller ones use some form of periodic questionnaire 
survey. Generic survey questionnaires have been developed and validated for as
sessing such things as organizational climate, supervisory or managerial behav
ior and practices, meetings, job satisfaction, and attitudes about such things as 
safety and fringe benefits. In addition, organizations develop their own surveys, 
or supplemental questions, to assess specific issues of interest, such as attitudes 
about recent or proposed changes in policies, practices, or procedures. 

A widely used variation of the questionnaire survey is the survey feedback 
method. It differs from the pure survey questionnaire method in that data gained 
from the survey is summarized and subgrouped statistically by organizational 
level, department, project, etc., and then is "fed back" to the individual organi
zational units. Typically, the unit manager, who has been trained on how to 
conduct survey feedback sessions, then participates with the unit's employees in 
interpreting the data and deciding on what changes, if any, should be made to 
improve unit effectiveness. 
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Constructing an organizational survey that can yield valid, useful data is a 
very tricky process and requires the help of a trained expert, such as an indus-
trial/organizational psychologist. Even with expert help in constructing the ques
tionnaire, it is essential to pilot test the survey with a small, representative group 
to make sure that both the instructions and questions are understood as intended. 
Invariably, refinements will be required as a result of the pilot test. 

Advantages. A major advantage of the questionnaire survey method of gath
ering information is anonymity and confidentiality. Questionnaires can be adminis
tered in a manner that assures the anonymity and confidentiality of the individual 
employee's responses. Therefore, employees are likely to feel freer to express their 
true opinions without fear of reprisal. As a result, important information that is not 
part of the existing management information system can be obtained. 

The second major advantage is that the opinions and perspectives of a large 
number of employees can be obtained relatively quickly and inexpensively. 
This enables the researcher to ensure a large representative sampling of the 
employees, if not the entire workforce. 

A third advantage is replication: The same questions can be asked over time 
and changes in employees' responses measured. Finally, questionnaire data can 
be analyzed quantitatively. Quantitative analysis enables the data for various 
work system units, levels, or subgroups to be compared, and areas of both con
sensus and variation to be noted. Such comparisons often yield valuable insights 
into problems and potential solutions. 

Disadvantages. A major potential disadvantage is ambiguity of purpose. 
Upper management, staff groups, and/or consultants developing the survey may 
have difficulty in reaching consensus about the purposes of the survey, its con
tent, or the procedures for analyzing, interpreting, and using the results. In addi
tion, management and/or unions may be so committed to existing policies and 
practices that the survey may be seen as a meaningless exercise. Still another po
tential disadvantage is organizational disturbance. The survey may call attention 
to quiescent issues, thus needlessly reawakening them. Alternately, the survey 
may induce unrealistic expectations about subsequent actions. Either of these 
consequences could disrupt normal operations. 

Finally, it is important to note that survey data can establish correlations but 
cannot establish causation. Thus, the survey may help in recognizing relation
ships between things and suggest ways of improving functions, but it will take 
actually making a change and seeing what happens to establish causation (i.e., a 
laboratory or, more likely, field experiment). 

Macroergonomic Applications. Organizational questionnaire survey data 
can be an excellent tool for quickly and inexpensively identifying symptoms of 
work system design problems and where within the work system the problems 
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exist (i.e., in specific units or throughout the entire work system). In some cases, 
a problem may be identified in a particular unit or level of the organization. 
A questionnaire survey then can be developed and administered to see how 
widespread the problem is throughout the organization. A questionnaire survey 
also can be used in its survey feedback form as an integral part of the participa
tory ergonomic process. The results can provide management, employees, and 
the ergonomist with data to help in identifying work system design problems 
and/or suggest what needs to be done to improve the work system's functioning. 
Finally, questionnaire surveys can be used as a pre- and postmacroergonomic in
tervention measure to assist in evaluating the effect of work system changes. 
These data also can suggest where further redesign may be needed. 

Interview Surveys 
Interviews constitute yet another frequently used method for gathering informa
tion in organizations. In organizational research, the most commonly used inter
view approach is the stratified semistructured interview survey. The interviews 
are stratified in that a representative sample of employees from all levels and 
units of interest are interviewed. Because of both time and expense, it usually is 
impractical to interview all employees, or even a large sample of them. Accord
ingly, a comparatively small, stratified sample offers a practical means of ensur
ing that the data gathered will be representative of the full group of interest. The 
approach is semistructured in that the interviewer has prepared key questions 
that he or she uses to tap the topics of interest systematically. The interviewer 
then will ask follow-up questions ad-hoc, depending on the response the inter
viewee gives to each of the key questions. 

Advantages. In comparison with the questionnaire survey method, inter
views have several major advantages. First, they enable the interviewer to 
observe both verbal and nonverbal responses to questions. Sometimes, the non
verbal responses provide even more important data than do the verbal. A second 
major advantage is that the interviewer can follow up on initial responses. This 
enables the interviewer to explore unanticipated responses or unanticipated 
issues, or go into a given issue in greater depth. Finally, if the interviewer is suc
cessful in establishing a good rapport with the interviewee, the interviewee may 
become more ego involved in the process and put more thought and effort into 
his or her responses than would be the case with an impersonal questionnaire. 

Disadvantages. Two major disadvantages of interviews are time and cost. 
These not only include the time and costs associated with conducting the interviews 
and analyzing the results, but also the time and costs of training or hiring skilled in
terviewers. Whereas a written questionnaire survey can be administered by a single 
person to a large group at once, interviews can only be done with one or a very few 
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persons at a time by a given interviewer. Further, it typically takes an hour or more 
to conduct an interview to gather organizational data. 

A third disadvantage is that anonymity for the interviewee is lost. Thus, the 
interviewee may be inclined to play it "safe" and only give "sociably acceptable" 
answers to questions. I would note that this problem can be minimized by 
(1) using skilled, trained interviewers, (2) interviewing employees on their own 
"turf" rather than in the manager's or interviewer's office, (3) clearly explaining 
the purpose of the interview, what will be done with the results, and giving 
assurances of confidentiality of the person's individual responses. 

Finally, the appearance, demeanor, and interpersonal skills of the interviewee can 
bias the interviewer's interpretations of the interviewee's responses—particularly 
if the interviewer is untrained. 

Macroergonomic Applications. Semistructured interview surveys can be 
a highly effective way of identifying problems with a current work system's de
sign and/or gaining insights as to what specific kind of macroergonomic inter
vention might be effective. This approach also can be very useful in identifying 
incompatibilities between the macrodesign of the work system and the micro-
design of individual jobs and/or related human-machine and human-software 
interfaces. 

A strategy I have found to be highly useful in medium and larger organiza
tions is to begin by using a semistructured interview survey approach to identify 
problems in a single plant, unit, or geographical location. These results then are 
used to develop a questionnaire survey that I then use to determine how wide
spread the problems are within the entire organization. 

Focus Groups 
The focus group is a variation of the interview survey approach and partially 
overcomes the interview's disadvantages of time and money. At the same time, it 
retains the basic advantages of the interview method. In its basic form, the focus 
group approach involves bringing persons together to be interviewed as a group 
about one or more specific issues. 

Advantages. In addition to the savings in time and money as compared 
with the traditional interview survey, the focus group method has another impor
tant advantage: Hearing one group member's responses may stimulate the think
ing of other participants, thus yielding additional useful data that otherwise 
might not have come to light. 

Disadvantages. Focus group participants have an even greater loss of 
anonymity than in an interview in that their responses also will be heard by the 
other participants. Consequently, participants may be reluctant to express ideas 
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or perceptions that they perceive will not be accepted or popular with the group. 
In addition, there is the possibility of a "group think" phenomenon occurring, 
thus resulting in distorted, incomplete, or otherwise inaccurate data. 

Macroergonomic Applications. A focus group approach can be highly 
useful in macroergonomic interventions. Persons from the specific work system 
of interest are brought together and interviewed by the ergonomist about specific 
aspects of their work system or its sociotechnical environment. Such interviews 
often are conducted in the form of a semistructured interview. In other cases, a 
work system change is simulated and the group then is interviewed together to 
gain their collective perceptions or opinions about specific aspects of the change. 
Various other data collection methods also may be used (e.g., Monte Carlo tech
nique (see Glossary); paired comparisons, where each item, suggestion, or 
option is compared with all others and, each time, one is chosen over the other). 

Combining Methods 
Very often, two or more of the classic techniques described above are used 
together in carrying out a macroergonomic analysis, intervention, and/or evalua
tion; for example, the ergonomist might (1) conduct a field study to observe the 
existing work system and related performance measures; (2) do a laboratory sim
ulation study of a proposed work system change with some employees; then fol
low up by (3) conducting a field experiment where a part of the work system is 
modified and performance effects observed; then (4) use a focus group to evalu
ate the field experiment; and then (5) conduct an organizational questionnaire 
survey after implementing the work system redesign to obtain employee re
sponses to the change. In addition to these classic methods, the analysis phase 
also might involve a systematic assessment of the work systems structure and 
processes, as previously described in Chapters 3 and 4. As described in Chapter 2, 
a participatory ergonomic approach might also be used throughout the entire 
macroergonomic analysis, intervention, and evaluation process. 

OTHER MACROERGONOMIC METHODS


In addition to the methods described above and in the three previous chapters, 
there also are macroergonomic methods that are targeted at specific design 
purposes. These methods have been developed, refined, and validated by various 
university groups internationally. Several methods have been developed specifi
cally for manufacturing work systems and are described in Chapter 11. Among 
other methods known to the author, three appear to be particularly useful: 
(1) user systems analysis, for determining computer hardware and software 
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requirements; (2) ORDIT methodology, for determining information technology 
(IT) system requirements, and (3) anthropotechnology, for ensuring that technol
ogy, and related work systems, transferred from the culture that develops the 
system is appropriately modified to fit the receiving culture. 

User Systems Analysis 
User systems analysis (USA) was first introduced to the macroergonomic com
munity at the first International Ergonomics Association International Symposium 
on Human Factors in Organizational Design and Management, Honolulu, Hawaii, 
in August 1984 by William Click and Rafik Beekum of the University of Texas at 
Austin's Department of Management (Click & Beekum, 1984) and Leo Brady 
(1984) of the IBM Corporation. As described by Click and Beekum, USA is an 
approach for assessing organizational needs for information processing equip
ment and evaluating task and organizational design. As such, it represents an inte
gration of the sociotechnical systems approach with social network analysis. 
Social network analysis is a methodology from mathematical sociology (Knoke & 
Kuklinski, 1982). The primary unit in network analysis is the relation between 
two people. The content of the relation is anything that is exchanged between the 
two people, including work-in-progress, work-related communications, and 
goods (Beekun, Click & Carsrud, 1986). In another paper at the same 1984 sym
posium, a colleague of Click's and Beekum's, Alan Carsrud (1984), noted that 
often, organizational changes or equipment are implemented based on analyses 
that do not adequately consider the interrelationships of jobs and the informa
tional needs of people in the organization. This deficiency led to a joint research 
project between the University of Texas at Austin and International Business Ma
chines (IBM) to develop USA. The goal of the project was to make the workflow 
diagram a more useful tool in a broad range of organizational problem solving. 

Brady (1984) notes that there are four basic steps to USA: 

1. Development of a "USER" (i.e., work system) environment overview 
scenario 

2. Detailed analysis of this scenario to identify key "USER" function/tasks 
that might be appropriate for automation 

3. Development of "USER" requirements to perform these functions/tasks 
4. Establishment of key system requirements (information processing hardware 

and software), based on "USER" needs, integrated into the environmental 
scenario, with development usability criteria identified. 

1. Development of a USER environment scenario. The goal of this step is to 
develop an overview of how the business is conducted today—to create a general 
system overview diagram or scenario. This step begins by interviewing employees 
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and principals to obtain high-level flow diagram information describing the busi
ness as it operates today. In support of the overview, the following need to be 
identified: (1) the key decision-makers, (2) influences on key decision-makers 
(people, events), (3) the educational level of employees, (4) the analytical skills 
of employees, and (5) environmental pressures on key decision-makers and those 
who influence decision-makers. The scenario then is completed, reviewed, and 
critiqued by all who had input, and refined. 

2. Key "USER" task identification. Following completion of the overview 
scenario, those functions involved in a specific application are identified. Addi
tional flow diagrams detailing the supporting tasks for these selected functions 
then are developed. These diagrams, prepared for the scenario for the current 
work system, are used to identify the following: (1) specific tasks for automation, 
(2) interdependence of tasks, and (3) key contributors to the tasks. To support the 
analysis, interviews are conducted with the "USER" population (i.e., work sys-
tem's employees) to gather detailed task information on such things as individual 
employee tasks and dependencies, existing information to support those tasks, 
how the information is gathered today, who uses the data, the size and organiza
tion of the data, priority of tasks, and the identified interfaces. 

3. Develop USER task requirements. Once the key tasks for automation are 
identified, many data items then are gathered to support a system design imple
mentation. For each identified task, the following information must be obtained: 
(1) what is to be done, (2) who does it, (3) when does it have to be done, 
(4) where should it be done, (5) why is it done, and (6) how is it being done now. 
These data then are reviewed by the employees for accuracy and completeness. 

4. Establish key system requirements. Based on the data collected and ana
lyzed in the first three steps, the work system's requirements for information pro
cessing and related equipment and software can be specified. The final report 
will specify the functions required to be performed by the hardware/software, its 
added value to the work system compared to how the work system currently 
functions, and how the hardware/software is to be acquired and serviced. 

It should be noted that this is an intensely user-centered analytical process 
involving employee participation by all levels of the work system. As a supple
ment to a macroergonomics structure and process analysis of the work system, it 
can be a particularly useful macroergonomic methodology for determining infor
mation processing requirements for the work system and specifying specific 
hardware and software needs. 

I personally worked with an IBM team in using this user systems analysis 
methodology when my colleagues (including Ogden Brown, Jr., the author of 
Chapter 2) and I designed a complex new university college at the University of 
Denver having over 30 geographically dispersed study centers in the United 
States and Europe. We did so in conjunction with a sociotechnical analysis to de
termine our work system's structure and processes. We found the methods to be 
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highly compatible and mutually reinforcing. The opportunity occurred in the 
mid-1980s when a geographically dispersed master's program in systems man
agement was transferred from the University of Southern California (USC) to the 
University of Denver and was used as the core program for developing a new 
college. I transferred with the program for three years to serve as the college's 
dean during its design and initial development phase. 

Compared with the program's work system as it had existed at USC, this 
analysis enabled us to streamline the organizational structure to be more compat
ible with the college's sociotechnical characteristics (see Chapter 3), improve 
processes, better design jobs, and make more efficient use of available technol
ogy, including computers and software programs. The college realized a 23% re
duction in staffing requirements and about a 25% savings in operating expenses 
compared with the work system as it had existed at USC. The time required for 
processing student registrations, grades, and other related administrative activi
ties for the off-campus locations was reduced from an average of 3 weeks to less 
than 1 week. The administrative time demands on the study center managers also 
decreased approximately 20%, giving them more time to devote to current and 
prospective students. 

ORDIT Method for Organizational 
Requirements Definition 
ORDIT methodology provides a systematic macroergonomic approach for 
designing information technology systems. The methodology was developed 
under the sponsorship of the Commission of the European Communities Esprit II 
Programme Project No. 2301. It was a 5-year collaborative project involving 
MARI Computer Systems Ltd., the University of Newcastle Upon Tyne, 
the Work Research Centre, Ltd., and Algotech srl, in addition to the HUSAT 
Research Institute at Loughborough University of Technology (Olphert & Harker, 
1994). 

A motivation for developing this technology was the poor success rate for IT 
systems during the late 1970s and 1980s. Many of these failures subsequently 
were attributed to problems with specifying and meeting user (i.e., work system) 
requirements. Conventional systems analysis activities are underpinned by a se
quential "waterfall" approach that largely focuses on defining technical solutions 
to information processing requirements rather than looking at the wider perspec
tive of the user organization. The resulting IT systems often fail to satisfy the 
needs of the work system and its human operators, even though the IT systems 
are technically sound. The task, then, was to develop a shared framework within 
which user organizations and IT system developers (including ergonomists) 
could communicate about common issues. The resulting product was the ORDIT 
methodology (Olphert & Harker, 1994). 
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The ORDIT methodology was developed to take account of the key principle 
that requirements should emerge from the exploration of alternative organiza
tional and technical futures for the work system. The methodology provides a 
systematic process to support organizational requirements generation and supply 
associated methods and tools to support the process. The basic features of the 
ORDIT methodology are as follows (Olphert & Marker, 1994). 

1. A sociotechnical systems approach. The method is oriented toward achiev
ing joint optimization of the technical and social (personnel) subsystems. It does 
this by systematically identifying the requirements of the social subsystem (orga
nizational requirements) and then exploring the implications of possible technical 
subsystems. 

2. A user-centered approach. Technology is treated as a tool to serve the 
needs of users. The method thus requires a high degree of user involvement. 

3. An iterative approach. The method involves an iterative cycle of specifica
tion, prototyping, user testing, and redesign. 

4. Provides choices and creates new opportunities. The method encourages 
scanning for opportunity and consideration of a number of different sociotechni
cal options to take into account a range of possible futures. 

5. Modularity. The overall structure of the ORDIT methodology is modular. 
It thus takes into account the different starting points and needs of different work 
systems and allows choice from a variety of individual methods and techniques. 
Accordingly, "route guidance" showing how and why the modules might be 
used in different contexts is an important element of ORDIT. 

6. Enhancing communication. ORDIT contains a set of modeling concepts 
that have been found effective in enabling work system personnel and IT system 
designers to understand and describe an organization as a set of related work 
roles. Structural relationships exist between role holders, and every relationship 
implies a conversation and the need for information. Relationships thus impose 
requirements in terms of information and communication structures on any IT 
system. 

Structure of the ORDIT Methodology. The ORDIT methodology is struc
tured to encourage and support the requirements generation process. It focuses 
around the creation of models of future possibilities that take account of the organi
zational and technical options. The methodology consists of two elements: a set of 
interrelated activities, with supporting tools and techniques, and a set of navigation 
guidelines for moving around these activities. There are four activities within 
ORDIT: (1) scoping, (2) requirements definition, (3) option generation/evaluation, 
and (4) ORDIT modeling. These four activities are mutually supportive and are best 
thought of as concurrent and iterative. The work system personnel and IT system 
designers are likely to move rapidly and unpredictably from one activity to another. 
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Issues raised at some point in the conversation may illuminate issues raised in a pre
vious conversation concerning another activity. 

A full and complete description of the ORDIT methodology and it tools is 
beyond the scope of this text. For details on the ORDIT methodology and its 
tools, see the Final Report on Project 2301—ORDIT (Deliverable 11). Report to 
the Commission of European Communities, December 1993, or contact HUSAT 
Research Institute, Loughborough University of Technology, Loughborough, 
Liecs, UK. 

Anthropotechnology 
Based on his extensive international experience, the distinguished French 
ergonomist Alain Wisner (1995) noted that when planning technology transfer 
projects, it is necessary to study the geographic, historical and, in particular, the 
ethnological dimensions. Ethnology is that aspect of cultural anthropology that 
deals with the comparative cultures of peoples—their mores, values, belief sys
tems, etc. To consider more adequately ethnological variables in transferring 
technology developed in one culture to another much different one, Wisner 
(1976, 1984) developed and coined the concept of anthropotechnology. 

As described by Wisner, the orientation and goals of anthropotechnology are 
similar to those of ergonomics. He further noted that the general methodology 
also is similar, but advocated a comparative method (Wisner, 1976). Prior to the 
technology transfer, a study is made of the technology presently in operation in 
the country that developed it, or one highly similar to it. Included is an analysis 
of the cultural characteristics and how they impact on the design. This is done to 
correct its defects and highlight them in a modified design for the buyer country. 
The basic method advocated for this study is ergonomic work analysis (EWA). 
Secondly, an EWA is conducted of the critical points of a similar technical 
system operating in the buyer country. The two EWAs are compared and 
implications for design modifications to the system to be transferred are noted 
and implemented. Finally, installation of the new (modified) technological 
system should be done by a mixed team of managers and operators from the 
two countries; this should be followed up by an ergonomist who practices the 
necessary EWA. 

Wisner (1995) noted that the factors that influence work are too numerous for 
a forecast to be made, from the outside, of those that constitute a determining 
obstacle to successful technology transfer in the particular situation. In anthro
potechnology, a search for the origin of the difficulties is made; and a tree of 
causes is constructed that is not limited to the technical and organizational 
aspects that are closest to the workstation. See Wisner (1976, 1984) for a more 
detailed description of anthropotechnology. 
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Ergonomic Work Analysis (EWA) 

EWA provides an exhaustive description of the activities of certain operators 
or users in phases of implementation of the technical system that are considered 
to be critical. The full value of this detailed study is revealed when it is com
pared with the representation the operator or user has of his or her own activities 
during the same period (self-confrontation) (Wisner, 1995). 

Although there are numerous variations in EWA, Wisner (1995) noted that 
there are some common characteristics. In principle, EWA methodology includes 
an examination of the technical, economic, and social conditions, an analysis of 
the activities—the central element of the study—the diagnosis, recommendations, 
modifications, simulation of the work on the modified system, and evaluation of 
the work in the new situation. Wisner notes that the methodology is extremely 
cumbersome if followed in full; but that the complete work analysis process 
rarely is necessary. Frequently, the analysis of activities can be reduced to a few 
critical points and /or only to unusual ergonomic problems. See De Keyser (1991) 
for a more detailed description of the methodology of EWA in English. 

Integrating Macroergonomics 
with Anthropotechnology 

From the above description, it is not difficult to see how a macroergonomic 
approach might be used in conjunction with anthropotechnology in carrying out 
technology transfer projects. Top-down approach and sociotechnical analysis 
methods of macroergonomics provide a means for assessing not only the culture 
and environment of the seller country, but also of the buyer country. This com
parative use of macroergonomics fits neatly with the approach of anthropotech
nology; and expands macroergonomics to more adequately include systematic 
consideration of the full spectrum of cultural variables. In addition, it comple
ments anthropotechnology by initially focusing on optimizing the design of the 
overall work system within each culture. Anthropotechnology and EWA meth
ods provide a more thorough means of assessing the critical dimension of the 
personal subsystem for work system design purposes: the ethnological character
istics of the workforce. 

EWA also provides a proven and thorough means for carrying the design 
outcome of the overall work system down to the design and/or modification of 
individual jobs and attendant human-machine, human-software, and human-
environment interfaces. Outcomes of EWA, in turn, may identify further modifi
cations that are needed to refine and improve the overall work system. 

Taken together, using the approaches and methodologies of macroergonomics 
and anthropotechnology as an integrated, human-centered systems approach 
would appear to afford the opportunity for overcoming the traditional design and 
implementation problems, noted earlier, and thus increase the effectiveness of 
technology transfer projects. 



6


Relationships Among Job

Design, Macroergonomics,


and Productivity


Mitsuo Nagamachi 
Hiroshima international University, Japan 

INTRODUCTION 

Technological advancement and human development have always shared a close 
relationship. This is especially true in manufacturing systems with human opera
tors. In this chapter, the harmony between the manufacturing or technology and 
human subsystems is emphasized using a sociotechnical systems approach. This 
paper first presents examples of job design in which human factors have been 
applied. Second, the paper explores the relationships among micro-ergonomics, 
macroergonomics, and the concept of self-organizing systems. Finally, the paper 
demonstrates how job design and macroergonomics can be integrated to create 
self-organizations that lead to higher productivity. It also addresses the new 
trend of manufacturing systems called "cell systems." 

In general, the purpose of an enterprise is to maximize productivity and to 
optimize profit. People within these enterprises have always been involved 
in advancing manufacturing technology. Taylorism (1911) and the Ford 
assembly lines typify systems specifically designed to maximize efficiency, 
economies of scale, and productivity. Method engineering has been devel
oped in the field of industrial engineering to respond to the demands of pro
ductivity and efficiency in manufacturing. More recently, information processing 

111 
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technology is thought to be one of the most important tools to realize higher 
productivity. 

The trend in advanced manufacturing systems has changed jobs into ones that 
are monotonous and de-skilling. The advent of computer science gave impetus 
to manufacturing systems that emerged from numerical and programmable 
machine tools such as numerical control (NC), computerized numerical control 
(CNC), and machining center (MC). Information technology has been tied to the 
demand of total productivity that led to the emergence of new styles of manufac
turing, such as factory automation (FA), computer-integrated manufacturing 
(CIM), strategic information systems (SIS), and computer-aided acquisition and 
logistic support (CALS). 

With the transition of manufacturing and information technology, jobs and 
organizational structure also changed. Jobs became simple, monotonous, and 
repetitive; organizations became sectional and hierarchical. These trends deprive 
humans of outcomes such as skill, autonomy, and self-fulfillment from the orga
nization. Recently, there is a new trend aimed at introducing CIM systems to 
secure higher productivity and efficiency. The new information technology will 
give birth to a new style of production that will enhance the human potential for 
achieving higher and higher productivity. 

It will be possible to integrate workplace humanization and high technology 
by jointly considering both human and technological characteristics. Higher pro
ductivity and efficiency can be obtained by unifying both facets of the manufac
turing system. Moreover, if organizations implement macroergonomics as 
proposed by Hendrick (199Ib) and described in previous chapters in this book, 
this harmonized system will generate productivity greater than CIM alone. 

Humans are intrinsically self-developing. The organization, as an entity of 
humans, also has the characteristics of a self-organizing system that potentially 
can permit human self-development and adaptation to the changing external 
environment. Higher productivity emerges as a result of both self-developing 
humans and organizational needs. The concept of macroergonomics has implica
tions for integration of self-developing humans with the self-organizing func
tions of the organization. 

HUMAN FACTORS OF JOB DESIGN 

From a human factors perspective, the problem with modern manufacturing sys
tems is that the human often is treated like a machine or tool with hands and legs. 
The employers want to de-skill and specialize the worker's job to obtain high 
productivity. The price of this de-skilled, specialized work is an imbalance in 
personality development. Argyris (1957) pointed out that as long as an organiza
tion does not allow humans to have personal development in a working situation, 
maladjustment occurs. Therefore, it is said that de-skilled and simplified jobs 
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lead to workers' maladjustment in the workplace as well as to poor organiza
tional functioning (Argyris, 1957; Hendrick, 1991; Hendrick & Kleiner, 2001). 

Walker and Guest (1952) clarified a relation between job simplification and 
workers' involvement through an interview technique. Using this technique, they 
found that the percentage of involved workers decreased with the level of job 
simplification. Kornhauser (1965) interviewed workers from automotive assem
bly lines about their mental health. He found that the number of mentally healthy 
workers decreased as the degree of machine-paced and de-skilled jobs increased. 

Higher Level of Brain Activation 

Principle 1: Body movement and thinking during work stimulate human 
brain activity that, in turn, leads to human motivation. 

One of my studies illustrates this principle. I conducted a simulated experi
ment using a vigilance task as an example of simple and repetitive work 
(Nagamachi, 197la, 1971b). In this experiment, a subject had to check the posi
tion of a rotating pointer and push a button just before it passed the denned area 
in the instrument. Each subject's electroencephalogram (EEC) and heart rate 
were measured during the experiment. Interestingly, while performing this sim
ple repetitive task, the distribution pattern in EEG frequency was found to be 
similar for all subjects. 

Figure 6.1 shows a representative graph of the distribution in EEG frequency, 
in 10-minute intervals after the subject started the vigilance task. The horizontal 
axis represents the frequency bands of EEG, and the vertical axis illustrates the 
percentage of frequency distribution. The number in the figure indicates the time 
elapsed in minutes since the task started. The large percentage of EEG beta 
waves at the early stage of the experiment suggests that the subject concentrated 
his attention on the task for the first 20 to 30 minutes of work. After the first half 
hour, the EEG distribution changed to the alpha wave domain, indicating a drop 
in brain activation level. The results of the experiment suggest that a monoto
nous and repetitive task will force the activation level to drop and create mental 
fatigue. 

A similar phenomenon was found by Saito (1969, 1971). Saito measured crit
ical fusion frequency (CFF), another index of both brain activation and fatigue. 
In a real work situation, Saito measured the CFF of workers who were engaged 
in four types of tasks: table press work, assembling parts on a round table, short 
cycle-time repetitive work (Type I, 20 to 60 sec. cycle-time), and very short 
cycle-time repetitive work (Type II, 3 to 5 sec. cycle-time). The CFF results are 
shown in Fig. 6.2. 

CFF usually decreases with longer work hours, with the decreased percentage 
in CFF indicating the level of fatigue. Figure 6.2 illustrates the change in CFF 
with working hours for the four types of jobs. The figure implies that more sim
plified and paced jobs produce greater fatigue. Note that the largest decrement 
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FIG. 6.1. Distribution of EEG frequency in monotonous task. 

emerged in the very short cycle-time work—the most monotonous and repetitive 
of these four tasks. 

My colleagues and I have noted that when either the EEG or CFF indices indi
cate fatigue, the subjects report subjective feelings of boredom and dissatisfaction. 

I have introduced a job design technology in many Japanese enterprises 
(Nagamachi, 1975) that originally was suggested by Davis (1966), Davis and 
Werling (1960), and Davis and Taylor (1972). In one case, this job design 
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FIG. 6.2. CFF patterns in four different jobs. 

concept was introduced in a gas heater assembly line at the Nakatsugawa plant 
of Mitsubishi Electric Co., as shown in Fig. 6.3. The conveyor assembly system 
at the Mitsubishi plant was originally divided into 20 processes, as shown in the 
upper half of Fig. 6.3. All of these processes were combined into a one-person 
job for the whole assembly. 

In this company, the job design is called the job enlargement system (JEL). In 
the JEL one-person system, a worker assembles all parts for the gas heater by 
her- or himself. The average job cycle-time for the 20 jobs in the original assem
bly line was 0.5 minutes. In contrast, the JEL one-person system took about 
10 minutes for each production unit. While not increasing the total assembly 
time, the job redesign had a positive impact on the workers. This impact was 
demonstrated in a study by Kawakami and Tange (1980). They measured the 
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FIG. 6.3. Original assembly line and JEL one-person system. 

FIG. 6.4. Comparison of CFF in original and JEL lines. 

CFF for two groups of workers; one engaged in the original assembly line 
and another in the JEL assembly line. As shown in Fig. 6.4, the CFF values of 
workers engaged in the original conveyor system dropped more dramatically 
than the CFF values for workers in the JEL line. 
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The differences in CFF between both groups suggest that the JEL one-person 
system, constructed using the job design concept, was effective in activating the 
workers whose jobs were 20 times more complex than the original conveyor belt jobs. 

The Work Itself 

Principle 2: A complicated job enriches a worker's skill, motivation, and 
satisfaction, and strengthens the worker's brain activation. 

In Herzberg's "Two Factor Theory of Motivation" (1966), the "work itself is 
one of the key factors leading to the worker's motivation and satisfaction. 
Lawler (1969) suggested that the way jobs are designed motivates workers. 
Mitsubishi Electric's Fukuyama plant introduced a new JEL line for fuse-
breakers to replace a traditional assembly line. As shown in Fig. 6.5, each origi
nal fuse-breaker assembly line consisted of nine processes and nine persons. The 
cycle-time for each process was between 40 and 62 seconds. 

FIG. 6.5. Increment in productivity after introducing job enlarge
ment. 
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Following a participatory ergonomic approach (see Nagamachi, 1991), 
an industrial engineering staff interviewed the workers engaged in the original 
assembly lines. They found that the workers were not motivated by their work. 
After collecting the workers' opinions and suggestions for improving the origi
nal fuse-breaker line, the staff proposed a new assembly approach to the workers 
(Nagamachi, 1973a). All jobs were restructured to be enlarged in the new assem
bly line, and processes 2 through 7 were condensed to just one in the new line 
(see the middle diagram in Fig. 6.5). As a result, the new line consisted of seven 
persons (i.e., two persons were eliminated from the original line). In the former 
assembly line, the conveyor belt created a short cycle machine-paced job. In the 
new assembly line, the conveyor was used just as a carrier. In the new line, 
the workers' longest cycle-time was 4.5 minutes, or three times longer than in 
the old assembly line. 

In comparison with the old assembly line, the new line resulted in a dramatic 
change in productivity. As illustrated in the lower half of Fig. 6.5, the productiv
ity initially increased to 157% and finally to 180% of the original productivity. 
With the change, worker satisfaction also increased. 

Fuji Heavy Industry Company, which makes passenger cars, attempted a 
brave challenge on work system and related job design (Nagamachi, 1977). A 
manager at Fuji Heavy Industry had been worrying about his subordinates' dis
satisfaction with their monotonous jobs. He proposed that the workers organize a 
project team to solve their dissatisfaction with the assembly jobs. This project 
team, which was called "The New Manufacturing Steering Committee," dis
cussed the sources of the workers' dissatisfaction and analyzed their feelings and 
working environment. The steering committee concluded that the job of assem
bling automobiles should be enlarged and enriched. The manager and the 
committee concluded that if each job was enlarged to the maximum, worker sat
isfaction level would increase. A one-man system was implemented in which 
each worker assembled the whole car by himself—a task involving the handling 
of 639 subassembled units. The only exception was that the worker got assis
tance when loading the engine. 

In order to realize the new manufacturing system, the steering committee and 
assembly workers cooperated with each other to change such things as the pro
duction scheduling, tool positions, and assembling procedure. The workers were 
divided into six-person groups in which they discussed, as a quality circle, the 
efficiency of the assembly to improve the new working system. This revolution
ary attempt succeeded, and the company has achieved a 100% improvement in 
productivity with no errors in product quality. The effort was so successful that 
the company was able to give its permission to the line for no final quality test. 

This success was the result of the largest job enlargement effort ever at
tempted. Note that the job enlargements also resulted in job enrichment. It also is 
a good example of what can happen when a macroergonomic approach is taken 
to work system analysis and design. 
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Why Does Efficiency Increase 
by Introducing Ergonomic Job Design? 
Principle 3: Flexibility and discretion in the work method result in efficiency 
and productivity. 

As an illustration of this principle, I carried out a simulation study in a labora
tory setting (Nagamachi, 1973b, 1975). The subjects were students trained in a 
company like the actual workers on how to assemble a telephone. Hiroshima 
University contracted with a telephone company to sell the assembled telephones 
and was paid for the assembly. Accordingly, the subjects received an hourly 
wage for their work. After training, the students assembled telephones on a con
veyor belt inside the laboratory. 

The subjects were randomly divided into three groups: four-person teams, 
two-person teams, and one-person teams. Four-person teams assembled the tele
phone on a conveyor belt in the same way the current system operated in the real 
company. Two-person teams worked side by side at a round table. The one-
person team had to assemble the entire telephone by himself. The students 
worked 8 hours each day, and the experiment continued for a month. I measured 
the productivity per minute and analyzed the student's micromotions through 
videotape recordings. 

The productivity in the experiment is shown in Fig. 6.6. The figure on the left 
compares the productivity for the three production systems. The figures on the 
right show the average productivity when analyzing the micromotion study. 
Using the average production per minute, the one-person system was the highest, 
and the two-person system was second in the left figure. However, there was no 
statistically meaningful difference between these averages. The conveyor belt 
system was the lowest in productivity and was significantly lower than the other 
two assembly methods (p < .05). 

It is interesting to note that a variance in productivity was quite different 
among the groups. As shown in Fig. 6.7, there was least variability in the 

FIG. 6.6. Comparison of productivity in three simulated job 
systems. 



12O NAGAMACH1 

FIG. 6.7. Comparison of variation in productivity for three simu
lated job systems. 

conveyor belt system. The variance for the two-person team was smaller than for 
the one-person system, which was quite broad. From these data, we can say that 
the conveyor belt system is a convenient system to maintain a consistent, but not 
very high, level of productivity. The one-person system is a good technique to 
achieve higher productivity, but the volume of production is uncertain and 
dependent on working conditions, including a worker's skill. Among the three 
production systems, the two-person system was the best job enlargement strat
egy. It had the appropriate flexibility required for both workers' self-fulfillment 
and higher, and reasonably consistent, productivity. 

The subjects' micromotions were analyzed to identify job design factors that 
affected efficiency and productivity. Figure 6.8 illustrates the time required for 
each of the 10 processes in decimal minutes. The whole process of assembling a 
telephone consisted of 10 processes. The smallest total time was achieved by the 
two-person system, which corresponds to the highest productivity as shown on 
the right side in Fig. 6.6. As shown in Figs. 6.6 and 6.8, in comparison with the 
conveyer belt system, both enlarged job work systems produced a greater effi
ciency and productivity. 

The micromotion analysis clarified that the balance loss in the conveyor belt 
line was eliminated by the job enlargement. A balance loss means that a loss in 
process time emerges inevitably in the conveyor production by dividing the 
processes between workers; for example, waiting time and starting the next job 
disappeared in the enlarged jobs. More specifically, tasks 3, 5, and 8 in the four-
person system disappeared completely in the two-person system. In addition to 
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FIG. 6.8. Micromotion analysis of three simulated job systems. 

the reduction of a balance loss, some other motions also were eliminated; for 
instance, the process time was reduced in processes 1 and 4, while processes 
2 and 7 increased in time. We could not identify the eliminated motions through 
the film analysis. However, because of the worker's discretion in how he or she 
performed the job, we could imagine that two or more motions occurred simulta
neously, thus reducing the total process time. 

This simulation experiment shows that discretion and flexibility in operation 
increases worker autonomy, which, in turn, allows for the fusion of multiple 
motions. Thus, high efficiency and productivity result from worker autonomy. 

It should be recalled that increased productivity happened in Mitsubishi 
Electric's Nakatsugawa and Fukuyama plants due to an introduction of job 
enlargement. In Fuji Heavy Industries, an even larger discretion in operation was 
given to the workers. Productivity improved 100% in this case. This increase in 
productivity resulted from the workers' self-generated ideas and suggestions that 
stemmed from the introduction of job enlargement and increased flexibility. 

Decision Making and Responsibility 

Principle 4: The opportunity for decision making provides a worker with 
a psychological feeling of responsibility that leads to work motivation and 
satisfaction. 

When decision-making functions or authority are concentrated in the top of 
an organization, people in the lower levels often are unsatisfied and unmotivated. 
The same phenomena occur when work is divided into microtasks and people 
move their hands and legs like robots without thinking. In these situations, peo
ple do not participate in decision making, and they do not feel meaningfulness in 
their work; they cannot commit to the organization. On the other hand, if people 
in the organization participate in the decision making, they are able to experience 
utilization of their ability and judgment. As a result, this kind of situation 
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provides people with a feeling of responsibility and commitment to the organiza
tion (Hackman & Oldham, 1976, 1980). 

The labor union in a department store, Tenmaya Hiroshima Store, consulted 
with the author about the employees' dissatisfaction with their jobs. The 
Hiroshima store had low morale, but the highest sales among four stores located 
in Hiroshima City. 

After interviewing employees working in the Hiroshima store, the situation 
became clear. In general, a department store has a trade management division, 
which annually selects and stocks goods relating to fashion, consumer demands, 
and taste. The division staff collects consumer preference information and makes 
stocking decisions accordingly. The result is good sales and organizational 
profit. Therefore, the authority and decision making on stocking occur at the staff 
level of the trade management division. The employees on the store floor feel 
their job is just to sell the goods that the staff selected. They thus feel little fulfill
ment from their work. 

The solution to this problem was to provide the employees with decision-
making opportunities to select and stock goods that they expected to be good 
sellers. This new system was named "Responsibility of Stocking Goods by Our
selves (RSO)," which is a self-order system. Because this was a very dramatic 
and drastic move for the employees in Tenmaya, most of the executives did not 
support this proposal. They were afraid that the idea could be dangerous and 
were anxious about losses due to the introduction of this radical proposal. They 
argued that not all store employees were trained as buyers. The author and the 
labor union proposed to the executives that the employees be trained extensively 
and immediately to be expert buyers. Tenmaya allowed the introduction of the 
RSO system only on the sixth floor of the store where a chief secretary of the 
union was a floor manager. 

The employees were divided into small groups as in quality circles. A man
ager and supervisors trained them extensively on the special knowledge they 
would need as buyers. The workers were willing to participate in the RSO sys
tem and were eager to learn this new expertise. After the training, they were per
mitted to go to the wholesale stores and stock goods. They exhibited the goods in 
showcases that they also selected by themselves. This was the first experience 
for all employees in stocking goods, which represented fiscal responsibility. In 
the store, they welcomed the customers with a smile and tried to explain the pos
itive features of their products. All employees were much more motivated to sell 
goods and were satisfied with their new jobs. They felt a strong responsibility 
and commitment to their jobs as well as to the organization. As a result of this 
effort, total sales increased dramatically and a movement for the RSO system 
prevailed on all floors of the Hiroshima store. 

Nevertheless, the executives still were anxious about the effectiveness of the 
RSO system, and 3 years later the movement was completely eliminated from 
Tenmaya because of their misunderstanding. However, the concept of RSO was 
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transferred to one of the largest department stores in the Tokyo area, Seibu 
Department Store. It attempted to introduce a variation of the RSO system. The 
new concept was named "Shop Master System," which implies that all manage
ment authority was provided to the master of each "small shop" inside the 
department store. 

According to this concept, a master is responsible for managing his or her 
small shop, including stocking goods and selecting subordinates within the com
pany, as well as for the profitability of the small shop. At present, the Shop Master 
System is one of the main department sales systems in Seibu and is prevalent in 
all department stores throughout Japan, ironically, including Tenrnaya. The trade 
management division supports the Shop Master System and the overall 
decision-making process. 

There is another case of a company in which the self-order system was intro
duced. Itoyokado is one of the largest supermarkets in Japan and famous for the 
introduction of a point-of-sales (POS) computer system in all shops. The company 
can access the daily sales information through the computer system. All part-
time female employees are given responsibility for the self-order system. They 
are permitted to order goods themselves, based on hourly sales data. They man
age their own shop by controlling inventory cost and by timely ordering with au
tonomous responsibility. Although they are part-time employees, they are not 
considered supplementary workers, but as key persons in the labor force. Higher 
organizational performance resulted from the implementation of the self-order 
system. The gross profit ratio in Itoyokado increased from 25.1% in 1982 to 
30.3% in 1991, even though net profit already had been the highest among 
Japanese supermarkets. The returned goods rate dramatically dropped from 8.0 
to 1.5% during this decade. 

Itoyokado's introduction of the autonomous decision-making system and res
ponsibility into the organization meant employees in this company were given the 
authority to decide shop control as an integral part of shop management. The orga
nizational structure was changed to a flat hierarchy that led to easier, more effec
tive communication. As this case demonstrated, people, if given the authority, will 
attempt to manage their own shops autonomously toward the desired outcome. 

Self-Organization and Organizational Design 
Principle 5: The most important traits for human beings are self-development 
and self-realization. The organization that permits self-organization enhances 
the worker's self-development. 

An organization is surrounded by economic and social factors that permeate 
and impact it, for instance, technological progress influences the level of product 
development; world economic and financial conditions affect the organization's 
cost-cutting strategies; training and education provided to the labor force deter
mine the development of organizations. 
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It is desirable that the organization solves problems on its own. The organiza
tion needs updated information about the changing factors that impact it and it 
needs to cultivate the people who belong to the organization to solve these prob
lems in a timely and effective manner. 

Assuming their basic physical and security needs are being met, most people 
in organizations want self-development and self-realization (Alderfer, 1972; 
Maslow, 1943). They want to know what is going on inside the organization to 
which they belong. They want to challenge their organizational problems. They 
develop on their own through their behavior in the organization and then choose 
a new organizational problem to solve. Self-organizing behavior focuses on solv
ing problems originating both inside and outside the organization. 

The process of organizational design can occur as a result of self-organizing 
change. Macroergonomics may be a special case of self-organizing design— 
organizational design that results from people working to solve the organization's 
hardware and software problems. People are able to design their organizations 
according to their desires and the challenging spirit and self-fulfillment that re
sults from this activity. 

In the same way, total quality control (TQC) and company-wide quality con
trol (CWQC) can build a total quality assurance system. It can be said confidently 
that TQC is one way to manage the organization and guide it in the desired direc
tion. TQC emphasizes a "market-in" philosophy to produce a quality control 
system. Market-in need, which reflects the customers' desires, is changeable. 
Accordingly, TQC must adjust to the changing direction of the customer's desire 
and satisfaction. Therefore, an ideal TQC structure should be a self-organizing 
work system design. My colleagues and I simulated the organizational character
istics of TQC through our augmented "garbage can model" (Cohen, March & 
Olson, 1972; Nagamachi, Kaneda & Matsubara, 1993) and discovered that both 
organizational performance and people's satisfaction reached to an optimal level 
through self-organizing behavior. 

A good example of an adaptive self-organizing work system is provided by 
the Suntory Whisky Corporation. When Suntory decided to build its Hiroshima 
plant as a base for delivering its product in western Japan, the company esti
mated that the number of employees needed to operate this plant would be about 
54. However, the plant manager estimated the number of persons needed to be 
72. The plant opened with 54 employees. To meet the company's personnel 
requirements, the plant manager started educating and training his subordinates 
to strengthen their ability and, thus, increase their flexibility to accomplish the 
work with only 54 people. He also introduced quality circle activities based on a 
job design model (Nagamachi, 1973a, 1987) to enrich the employees' abilities 
and to expand their jobs. The quality circles discussed ways to eliminate waste
ful tasks and ways to enrich their jobs to perform a larger number of tasks using 
a smaller number of people. In addition to this, the increased societal demand for 
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whisky emphasized the importance of productive activity. The quality circle 
members solved their problems by having each worker assume several responsi
ble roles and move to the different places as needed. They discussed ways to set
tle each person's multiple roles and train themselves for improving productivity 
in their multiple roles. 

Figure 6.9 shows the change in the organizational structure of the Hiroshima 
plant after the self-organizing design. The chart on the left shows the original 
structure; the one on the right illustrates the changed structure. For instance, an 
electrical engineer was responsible for the maintenance of all electric equipment 
and systems; but now he had multiple roles, including financial, computer soft
ware, automated equipment development, and sensory test jobs. There were no 
distinctions between staff and workers. Each person chose the tasks that he or 
she felt able to do with personal motivation. Therefore, an ordinary map showing 
an organizational hierarchy was not applicable. The Hiroshima plant's organiza
tional structure is complicated, as shown on the right side of Fig. 6.9. 

As a result of the redesign of the work system, the original 54 employees 
eventually decreased to 19; but whisky production doubled. The employees were 
satisfied and fulfilled with the redesigned organization. I have labeled Suntory's 
work system an "amoeba-type organization," which implies an autonomous prob-
lem-solving group and a self-organization with the collective ability to solve prob
lems originating from both inside and outside the firm. As noted in Chapter 3, this 
amoeba-type of organizational design is also called a "free form" design. The 
concept and activity of amoeba-type organizations has spread to all Suntory 
plants. As a result, these plants have achieved higher efficiency, productivity, 
and personnel savings, as well as increased employee satisfaction. 

FIG. 6.9. Comparison of former and new organizational struc
tures of Suntory Hiroshima plant. 
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PARTICIPATION OF WORKERS 
IN JOB IMPROVEMENT 

Participation of Workers in Job Redesign 
Principle 6: Workers' participation in both job and work system design cov
ers all of Principles 1 through 5 and realizes the basis of macroergonomics 
in the organization. 

As also noted in Chapter 2, the most important factor for the workers is 
implementation of "participation" in job and work system design activities. We 
have dealt with the use of participation throughout this chapter. Workers are aware 
of what is going on in their workplaces. They know the physical and human causes 
related to human errors. They understand what factors lead to detrimental products. 
Worker participation uncovers the reasons for these incidences. This is why Japan
ese manufacturers use the small-group activity known as quality circle activity. 

Quality circle activities begin by discussing problems in the workplace. The 
QC members collect the data and incidences regarding accidents, detrimental 
products, poor product quality, and low productivity. They look at the relation
ships between the factors and problematic incidences. Sometimes, a job improve
ment advisor or a kaizen consultant intervenes. They propose job improvements or 
job redesigns to the manager. When the manager accepts the proposal because it 
provides advantages to the company and workers, the manager proceeds with the 
job redesign with participation of the quality circles as supported by the budget. 

I have introduced the formal procedure of "participatory ergonomics" to 
improve the whole production line in terms of organizational change (Nagamachi, 
1986, 1988, 1990a, 1990b, 1990c, 1991). Quality circle activities improve a job, 
or group of jobs, while macroergonomic applications to work system design are 
useful for improving the whole production line. The combination results in a 
great advantage for both workers and management. 

(1) The Organization of Project Teams 

The project team of organizational change consists of department managers 
of General Affairs, Production, Safety, Welfare, and Local Union leaders 
(Fig. 6.10). A production line manager engaging in a redesigned line will partici
pate as the representative of the line. The quality circle workshop leaders are 
permitted to behave as the active members for managing the quality circles. An 
ergonomist joins the team as an advisor to steer the whole redesign movement. 

(2) Learning Ergonomics 

The project team members and quality circle leaders learn what ergonomics is 
and how to redesign their production lines in terms of ergonomics, especially 
macroergonomics. If needed, they learn some industrial engineering to aid in 
surveying problems and redesigning lines in terms of micro-ergonomics. 
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FIG. 6.1O. Organization of a project team in participatory er
gonomics. 

(3) Workplace Survey Activities 

The project team determines the mission of the project, such as reducing acci
dents, enhancing product quality and production, or reducing manufacturing 
cost. With regard to participatory ergonomics, the mission will realize workers' 
welfare and higher productivity. Solution of the former usually leads to improve
ments in workplace safety, product quality, and productivity as well (Imada & 
Nagamachi, 1990). Based on the mission, and with the help of quality circles, the 
team surveys what is going on in the production lines and collects data about 
problems. The team analyzes the data in terms of macroergonomics and, where 
appropriate, statistical methods (e.g., multivariate analysis) to determine the 
macroergonomic factors affecting the work system. 

(4) Ergonomic Strategy for Improving the Lines 

The team chooses the ergonomic and organizational strategies to solve the 
factors hidden in the workplace. The quality circles are used to discuss whether 
the redesign strategy is the best one or if other approaches can better solve the 
ergonomic problems. After getting opinions from the quality circles, the project 
team revises the solution strategy according to macroergonomics. 

(5) Ergonomic Review 

After the work system redesign is conducted, the team reviews and evaluates 
the redesigned production lines from the viewpoint of macroergonomics and 
enterprise strategies. I have obtained good outcomes using participatory er
gonomics and a macroergonomic approach in a number of organizations, includ
ing almost zero-level accidents in many manufacturing companies, and more 
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than a 50% improvement in productivity (Nagamachi, 1995). An intervention using 
participatory ergonomics and a macroergonomic approach, conducted in an auto
motive company, Fuji Heavy Industry Company, led to a 200% increase in produc
tivity and achievied a 100% level of passenger car quality (Nagamachi, 1998). 

Implementation of Participation 
in Job Design Activities 
Formal participatory ergonomic programs were implemented in the Daikin Com
pany (Nagamachi), Mitsubishi Heavy Industries Company (Nagamachi, 1985, 
1991), Nissan Oppama plant and Nissan Diesel Company (Nagamachi, 1993). 

Job Redesign in Daikin by Participation 

Because it is thought that workplace improvement was important for its 
workers' welfare, Daikin attempted to implement participatory ergonomics to 
improve the production lines for air conditioners. The Daikin Kanaoka plant was 
selected as a model plant for introducing participatory ergonomics, and a project 
team was established. Nagamachi's working posture measurement was selected 
as a tool to survey ergonomic problems. A higher workload posture was selected 
by this analysis and was implemented via micro-ergonomic redesign to reduce 
postural loading. In the second redesign stage, robots were used in the lines to 
improve jobs that otherwise were hard to change. This participatory ergonomics 
effort resulted in a more than 40% increase in productivity due to improved 
working postures (Nagamachi, 1985). 

Change in Production Line in Nissan Diesel 

Nissan Diesel is a truck maker that has a strong relationship with Nissan. A 
10-ton truck assembly line in the Ageo plant was chosen for introducing partici
patory ergonomics and for realizing work motivation. Because the plant had 
quality circles, a project team was organized as shown in Fig. 6.10. First, the 
team surveyed the model line to find the ergonomic problems, and it interviewed 
the members of quality circles about their awareness of problems happening in 
the line. About 60 items were listed and categorized as A, B, C, in which A 
meant easy problems to be solved quickly; B meant problems taking several 
weeks for solution; and C implied big problems requiring a long time period and 
large investment to solve. The A problems were solved quickly by the team and 
the circles. B and C category items were analyzed using participatory ergonom
ics. One of these ergonomic problems, a propeller-shaft mounting task, was 
selected to be solved with regard to safety workload. A long, heavy shaft used to 
be attached to an engine by four workers. The assembly work forced the workers 
to bend their backs under the truck chassis. This work is very dangerous and four 
workers already had suffered back injury. The manager ordered the production 
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technology department to devise a jig that would cause the shaft assembly to be 
lighter. However, because the workers did not participate in planning the jig, 
they did not want to use it. After organizing the project team, a design of a sup
porting jig for the propeller-shaft began in the quality circles with the help of the 
production technology department. Because introducing the new jig was thought 
to be insufficient to solve the ergonomic problem, the project team discussed a 
complete change of the truck production line. The team consulted with manage
ment to change the line and decided to use a big machine to reverse the truck 
frame. As it was reversed, a propeller-shaft was inserted through the frame from 
the overhang. After this work, the truck frame was returned to the original posi
tion with the propeller-shaft under the chassis. At the assembly line, a worker eas
ily inserted the propeller-shaft to the engine using the new jig devised by the team. 

The participation of the workers in redesigning the production line resulted in 
reduced accidents and increased productivity. The workers were proud of the 
redesigned production system because of their participation. The project team 
painted this area purple, so it could be easily noticed as the participation area. 

NEW TREND IN PRODUCTION SYSTEMS 

The Japanese worker's wage is comparatively high. Therefore, Japanese enter
prises attempt to construct factories in Asia, where the workforce is easily hired 
at low cost. However, after a decade of this overseas cost-reduction strategy, the 
Japanese noticed that there was not much profit benefit and that there were chronic 
problems with punctual delivery. Additionally, Japanese workers desired greater 
satisfaction with their work and self-development through the organization. Re
cently, employers have endeavored to realize benefit for both management and the 
workers by introducing a work system design called the "cell production system." 
Basically, this is the new name for a one-person system described earlier. 

For example, NEC Nagano (Nippon Electric Company, Nagano Company) 
studied the conveyor belt work of ten, five, and three person groups, and a one-
person system. Experiments resulted in 150% productivity for the one-person or 
cell system, as compared with the baseline conveyor belt system (Nagamachi, 
1996, 1997, 1998). The cell system implies that a worker assembles the whole 
product. In NEC Nagano, one worker assembles a whole personal computer. It is 
named "Yatai," which is something like a hot dog stand. In NEC Nagano, the 
conveyor lines were removed completely, thereby preventing the managers from 
returning to conveyor belt production. Many factories now have changed from 
production lines to the cell system. These companies include NEC Yamagata, 
Toshiba, Kyushu Matsushita, Alps Electric, Sony, Minolta, and Olympus. The 
Japanese have sought the highest efficiency of production for a long time, but 
now they understand the macroergonomic implication that realization of work
ers' motivation leads to organizational advantages as well (Fig. 6.11). 
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FIG. 6.11. Scene of a "cell production system" at NEC Nagano. 

FIG. 6.12. Two-person work system at the Volvo Uddevalla 
plant. 

Volvo in Sweden has conducted an interesting experiment in Uddevalla in 
which two workers assembled a passenger car together. Ellegard and her col
leagues (Ellegard, Engstrom & Nilsson, 1992) investigated production with 
terms of 20, 10, 8, 4 and 2 workers. In Uddevalla, two workers brought the parts 
from the parts yard and assembled a whole car by themselves. Volvo obtained 
good outcomes from the redesigned production system (Fig. 6.12). 
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CONCLUSIONS


Production systems have a long developmental history. Initially, production was 
performed by only one person. But civilization and the technical revolution led 
to the modern assembly line system while, in turn, resulted in monotonous and 
repetitive work for humans. 

Humans are primarily self-developed and seek autonomy. Humans want to be 
satisfied by work. But management's desire for efficiency and productivity 
forced the use of mechanistic production systems. These systems resulted in 
monotonous and repetitive work, often causing mental stress and physical mal
function in the workplace. One solution was to redesign the production system 
and related jobs using a macroergonomic perspective, approach, and methodol
ogy that followed the concept based on the six principles aforementioned. 

In Japan and other countries, there are researchers and practitioners using 
macroergonomics in the business and social fields. One recent phenomenon is 
the introduction of cell production systems. The cell does not mean only a one-
person system, but a small and independent or autonomous group activity. 
As such, it represents both job enlargement and enrichment over classical pro
duction system jobs. 

We can find implementation of macroergonomics in the most advanced manu
facturing systems. For example, Suzuka Fuji Xerox attempted to introduce the 
computer-integrated manufacturing system in its copy machine production lines. 
They wanted the most efficient manufacturing with low cost. However, the lead-
time in this factory increased by 2 or 3 months due to malfunctions of the CIM 
system. Taking a macroergonomic approach, the workers proposed to manage
ment an autonomous group manufacturing system in which (1) each section of 
manufacturing plans the production of advanced machining and (2) the leaders 
of each section communicate with each other to integrate the whole production 
system. The redesigned work system decreased lead-time to 2 or 3 days, and the 
customers were satisfied. 

This case demonstrates the introduction of a cell system in an organization. 
Each cell is an independent and autonomous part of the organization, with the 
cells having an integrating function as in an organism. Macroergonomics recog
nizes that, like organic systems, sociotechnical systems are comprised of cells. 
When these cells have autonomy yet act in harmony, the whole is greater than 
the simple sum of the parts. 

Macroergonomics offers a powerful concept, approach, and technology for 
seeking an integration of humans with advances in manufacturing technology. 
Although manufacturing technology is changing and advancing at a very fast 
speed, a utilization of macroergonomics will give us the best solution and 
benefits in any stage of manufacturing and organization. 
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Laboratory

and Field Research

in Macroergonomics


Brian M. Kleiner 
Virginia Polytechnic Institute and State Uniuersity 

INTRODUCTION 

This chapter complements Chapter 1 and subsequent chapters that have defined 
and detailed macroergonomics as a discipline or subdiscipline of ergonomics. 
It also follows Chapter 5's treatment of various methodological approaches. 
Specifically, we demonstrate through several examples that empirical research 
that is distinct from related disciplines can, and should, be conducted to further 
develop our knowledge of work systems. This knowledge should lead to better 
design and improvement of work systems. 

THEORETICAL FRAMEWORK: 
A GENERAL RESEARCH MODEL 

Any scientific discipline should have an underlying theory base. As described in 
Chapter 1, much of macroergonomics's theoretical underpinnings are derived 
from sociotechnical systems theory. Macroergonomics is concerned with the 
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analysis, design, and evaluation of work systems. In Chapter 1, we operationally 
defined work as any form of human effort or activity, including recreation and 
leisure-related activities. Sociotechnical systems can be simple or complex. 
As illustrated in Fig. 7.1, a work system is comprised of two or more persons in
teracting with some form of job design, hardware and/or software, an internal 
environment, an external environment, and an organizational design (i.e., the 
work system's structure and processes). Job design includes work modules, 
tasks, knowledge and skill requirements, etc. The hardware typically consists 

FIG. 7. l  . Basic conceptual model for a work system. 

FIG. 7.2. The work system's external environment. 
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of machines or tools. The internal environment consists of various physical para
meters, such as temperature, humidity, illumination, noise, air quality, and vibra
tion, and psychosocial factors. Included are political, cultural, and economic 
factors. The organizational design of a work system consists of its organizational 
structure and the processes by which the work system performs its objectives. 

The external environment consists of those forces that enter the organization 
to which the organization must respond, as illustrated in Fig. 7.2. The work sys
tem can treat its external environment as a source of inspiration or provocation, 
as symbolized by the two-way arrows. In the former scenario, the work system is 
positively motivated by the dynamics or challenges in the environment and is 
proactive in response. In the latter, work systems are reactionary and negatively 
disposed to their environments. As a general principle, the external environment 
is the most influential component in the work system. 

METHODOLOGICAL TRADE-OFFS 
AND CONSIDERATIONS 

As illustrated in Table 7.1, surveys of natural work teams or others in organiza
tions can be beneficial. Although causal information is not obtained through 
survey research, correlation and other summary data are possible and useful; 
for example, the researcher can compare organizations and/or groups through 

TABLE 7.1 
Research Methods With Associated Trade-Offs 

Advantages Method Disadvantages 

• Easy to administer Survey • Correlational data 
• Correlational • Attitudinal data 

statistical inquiry • Self-report data 
• Identify research 

variables 

• Cause and effect Lab experiment • External validity 
statistical inquiry student subjects • Time consuming 

• Access to subjects 
• Internal validity 

• Cause and effect Lab experiment • Subject reliability 
satistical inquiry expert subjects • Time consuming 

• Internal validity 

• External validity Quasi-experiment • Internal validity 
field study 
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administration of the same instrument. Alternatively, longitudinal affective 
changes can be evaluated within groups. Relative to the other methods presented, 
surveys are inexpensive and straightforward to administer. Disadvantages 
include several reliability and validity risks. The reliability and validity of self-
report data can be compromised with a poorly designed or administered survey. 
Also, sample sizes above 50% are difficult to achieve. 

In macroergonomic research, surveys have been quite useful at the front end 
of empirical studies to identify appropriate constructs or factors for further inves
tigation. Also, at the back end of an empirical study, surveys can be used to poll 
the population to which a study is attempting to generalize in order to validate 
laboratory results. 

In laboratory experiments, by contrast, conditions and factors can be manipu
lated and controlled. Subjects, representing some population, are randomly 
selected from a population and assigned to conditions. Independent variables 
are manipulated and their effects on dependent variables are measured. 

Advantages include internal validity, given the researcher's ability to control 
the environment. This control includes the ability to design and control a task, re
ward structure, and manipulation and measurement of the factors of interest. Also, 
when students are recruited as subjects, there is typically a large pool available. 

Whereas an advantage of this method is internal validity, the trade-off is with 
external validity or generalizability of results. Laboratory experiments are often 
criticized for lack of task and/or subject realism. Tasks may look nothing like the 
work process or task they attempt to emulate, and subjects often do not have the 
training or experience comparable to the workers they are representing. As illus
trated in Table 7.1, an alternative is to recruit actual experts from the field or 
sample from the actual population of interest. This has the effect of improving 
external validity. However, in the experience of the author, there is a logical 
trade-off. Because these types of subjects are participating in the research as an 
extracurricular activity, their reliability is often questionable. Also related is the 
need to control what is measured and, thus, the construct of actual interest might 
not be accessible. This is certainly the case currently with many researchers at
tempting to measure, and thus quantify, such constructs as shared mental models 
within teams or groups. Also, oftentimes, especially when using within-subjects 
designs, relatively few subjects are employed (compared to, for example, the 
number of subjects accessed through a survey). In macroergonomics, researchers 
can build and test theories using the laboratory experiment. 

A quasi-experiment in the field seeks to build on the advantages of using 
actual representatives from a population. Here, the researcher conducts the 
research in a field environment using representative subjects. This is typically 
a quasi-experiment because random selection is not possible. The researcher may 
not have control over random assignment to conditions either. 

The chief advantage with this method is the high degree of external validity 
achieved. However, as illustrated in Table 7.1, internal validity is compromised 
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due to lack of control. It is quite difficult to control and therefore explain the ef
fects of extraneous variables or threats to the experiment. 

In macroergonomic research, we have found it useful to conduct quasi-field 
experiments following laboratory experiments to validate findings in the labora
tory with actual representatives of the population of interest. 

Although beyond the scope of this chapter, there are other research methods 
used in macroergonomic research, each with its own advantages and disadvan
tages. Some of these were described in Chapter 5. 

In macroergonomics as well as other ergonomic research, each method de
scribed can be applied, but each comes with its own trade-offs. What we have 
found most useful is triangulation, or combining methods so they complement 
one another. As a general example, one may begin with a survey of an actual 
work system (or by using one of the naturalistic methods presented) to ascertain 
hypotheses about certain factors' causes and effects. This can be followed by a 
laboratory study with either student or expert subjects to confirm the predicted 
relationships among factors. Once established in the controlled laboratory setting, 
these relationships can be validated in the field through a field experiment. For il
lustrative purposes, we describe briefly some examples of the major methods 
covered. 

SURVEY RESEARCH FIELD 
STUDY EXAMPLE 

Background 
A study was designed to quantify empirically a construct found in the sociotech
nical systems literature called "joint optimization." In theory, joint optimization 
suggests the need to attend to both the personnel and technological subsystems in 
work system design (Pasmore, 1988), but pragmatically, does this mean 50% 
technological and 50% personnel, or is some other ratio required? 

Participants in this field study included 92 full-time, first-level managers 
(85 male and 7 female) in North America. Typically, these managers were 
foremen or supervisors, and their job duties included such titles as production 
lab supervisor, quality control engineer, maintenance supervisor, manufacturing 
supervisor, warehouse or logistics supervisor. Eleven of the organizations 
classified their primary function to be production, and only one company 
classified its primary function to be distribution. The number of managers 
from the companies were: American facilities (n = 4) and Canadian facilities 
(n = 8). 

The survey utilized was derived in part from a commercially available instru
ment designed to assess the extent to which sociotechnical characteristics are 
evident in an organization. It was predicted that managers who spent 50% of 
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their time attending to each of the personnel and technological subsystems would 
demonstrate higher performance than managers who did not divide their time 
equally. 

A survey instrument was administered that measured the factors necessary to 
evaluate time allotment to the personnel and technological subsystems. The level 
of joint optimization was measured by each supervisor's perception of 20 critical 
sociotechnical system state characteristics such as the extent to which technol
ogy supported tasks and the extent to which personnel were important. Then, 
time allotment to subsystems was operationally denned and measured by each 
supervisor's responses to items about time spent on tasks in the technological 
and social subsystems. Organizational value of time use was estimated by each 
supervisor's perception of certain constructs related to time such as the organiza-
tion's orientation toward scheduling and deadlines, autonomy of time use, aware
ness of time use, synchronization of tasks, and future orientation (Schriber & 
Gutek, 1987). Finally, department performance was evaluated by both the first-
level supervisor's and plant/warehouse manager's scores on 18 items that esti
mated performance in such areas as departmental effectiveness, efficiency, and 
quality of work life. 

Results 
A positive relationship was observed between the level of joint optimization and 
department performance (see Fig. 7.3). Departments with lower joint optimiza
tion scores received lower performance scores. 

Performance scores for supervisors with extremely low and extremely 
high scores in the data were compared to the performance scores given by 
their evaluating manager. First-level supervisors who divided the percentage 
of their time 40/60, 50/50, or 60/40 between the technological and personnel 
subsystems scored higher on both joint optimization and department perfor
mance than those with extreme allocations. When comparing spending 
more time on the personnel or technological subsystem, it was found that 
more time on the technological subsystem (i.e., 60/40 split) tended to result 
in the highest performance and joint optimization scores. Interestingly, high 
performing first-level supervisors who had a 50/50 time allotment received 
performance scores from their evaluating managers that were the most consistent 
with their own evaluation of departmental performance. The 50/50 ratio also 
resulted in the same number of departments with high performance and higher 
levels of joint optimization as the 60/40 split (50/50: 10 of 15 managers; 60/40: 
10 of 16 managers). 

In terms of differences between manager type, downstream managers in the 
work process reported higher levels of joint optimization than their suppliers, 
what were called by the researchers, "transformation managers" (Table 7.2). 
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FIG. 7.3. Joint optimization and department performance 
(adapted from Grenille, 1997). 

TABLE 7.2 
One-way ANOVA of Joint Optimization Using Manager Type as the Factor 

Source SS Df MS h Sig. 

Between Manager Type .631 1 .631 4.418 .038* 
Within Manager Type 12.701 89 .143 

Total 13.332 90 

* Significant at/? = .05. 

There were also no significant differences between the percentage of time 
spent on the personnel and technological subsystems for each level manager 
type. 

The first-level manager's increased focus on time-oriented constructs such as 
time allotment to skill development and compensation and customer needs and 
strategic planning, in conjunction with the department's value of awareness of 
time use, autonomy of time use, and future orientation were significant predic
tors of level of joint optimization as well as departmental performance. Increased 
focus on time-oriented constructs such as schedules and deadlines (the impor
tance of staying on schedule) and future orientation (importance of teamwork 
within time constraints) had negative relationships with department performance 
and level of joint optimization, respectively. 

At the department level, the manager's ability to maximize sociotechnical 
system characteristics in the technological subsystem was a significant predictor 
of level of joint optimization. Managers with higher STS technological scores 
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also tended to have higher joint optimization scores. Overall, downstream man
agers had higher levels of joint optimization than transformation (upstream) 
managers. 

As illustrated earlier, the data showed a strong, positive association between 
department performance and level of joint optimization. This relationship was 
supported by the finding that three time-oriented constructs (skill development 
and compensation, awareness of time use, and autonomy of time use) were sig
nificant predictors of both joint optimization and department performance. Along 
with the three shared time-oriented variables, joint optimization was predicted 
by the department's future orientation. For department performance, time allot
ted to customer needs and strategy and the importance of schedules and dead
lines completed the set of predictors. The strong correlation between department 
performance and the level of joint optimization and the overlapping set of time-
oriented predictor variables supported the finding that time allotment can be used 
to operationalize and quantify the construct of joint optimization. This study il
lustrated the feasibility of taking theoretical constructs from the macroergonomic 
and sociotechnical systems literature, such as joint optimization, and empirically 
quantifying them. It also illustrated the feasibility and usefulness of collecting 
data in actual organizations. The downside of this type of research resides in the 
correlational nature of survey studies. As such, definitive causal relationships 
could not be validated. 

LABORATORY RESEARCH STUDY 
EXAMPLE: USING STUDENTS 

AS SUBJECTS 

Background 
In agile environments, resources can be directed at technical alternatives such as 
the engineering process methodology used or the use of computer-support tech
nology. Alternatively, managers can direct resources at social alternatives such 
as increasing the number of personnel on the project. Sociotechnical systems 
theory and its construct of joint optimization (Pasmore, 1988) suggests that there 
is an optimal combination of personnel and technological alternatives for perfor
mance. This research investigated the relationship among the important design 
process, personnel, and technological issues that must be considered by those re
sponsible for organizations performing the design of complex work systems 
(Meredith, 1997). This research considered two technical considerations: (1) the 
overall design process methodology—concurrent engineering versus sequential 
engineering, and (2) whether to use or not use computer-supported collaborative 
work technology, and one social consideration: team size, because agility 
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emphasizes a collaborative design process whereby engineers are integral partic
ipants in making decisions. Specifically, the study investigated whether large 
teams of six persons would be more effective and efficient than small teams of 
three persons. 

The first research question asked how design performance is affected by engi
neering methodology, group size, or computer support. The second research 
question asked how process time is affected by engineering methodology, group 
size, or computer support. Research question 3 asked how process cost is af
fected by engineering methodology, group size, or computer support. Research 
question 4 asked how the satisfaction of group members toward the engineering 
design decision process is affected by engineering methodology, group size, or 
computer support. Research question 5 asked if there was an optimum combina
tion of engineering methodology, group size, and computer support that creates 
the greatest technical and social outcome. 

The experimental design of this research was a 2 X 2 X 2 factorial, between 
subjects design. Large teams, consisting of six engineering students, and small 
teams, consisting of three engineering students, were given a set of requirements 
to design a transportation system that moved a payload from one point to an
other. Each team was asked to: (1) develop a design concept, (2) develop a detail 
design in the form of engineering drawings, (3) manufacture the system based on 
their design products (e.g., drawings and specifications) using plastic LEGOS™, 
and (4) test the system to determine if it met the design requirements. 

Results 
There were two levels of the engineering methodology variable: sequential and 
concurrent engineering. An ANOVA showed no significant difference between 
the effect of concurrent engineering and sequential engineering on design perfor
mance. There were two levels of the group size variable: small groups consisting 
of three people and large groups consisting of six people. The design perfor
mance of small groups was significantly greater, F(l,32) =13.14, p < 0.001, than 
that of large groups, as shown in Table 7.3. 

There were two levels of the computer-supported cooperative work variable: 
groups that used groupware in conceptual design and those that did not. An 
ANOVA showed no significant difference between the effect of using or not 
using groupware. 

Given that design performance is the ratio of system effectiveness and life-
cycle cost, these variables also were analyzed. While there were no main effects 
for the variables with respect to system effectiveness, there was an interaction 
among engineering methodology, group size, and the use of computer-supported 
cooperative work, F(l,32) = 4.51, p < 0.01, as shown in Table 7.4. 

The interaction of these variables is shown in Fig. 7.4. 
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TABLE 7.3 
Design Performance ANOVA Table 

Source Df SS MS F 

Eng Method 1 0.0714 0.0714 0.20 
Comp support 1 0.3404 0.3404 0.96 
Group Size 1 4.6717 4.6717 13.14* 
EM*C 1 0.7102 0.7102 2.00 
EM'GS 1 0.7981 0.7981 2.24 
C'GS 1 0.0004 0.0004 0.00 
EM*C*GS 1 0.2176 0.2176 0.61 
Error 32 11.3808 0.3557 

Total 39 18.1906 

* Significant at a = 0.001. 

TABLE 7.4 
System Effectiveness ANOVA Table 

Source Df SS MS F 

EM 1 18,966 18,966 0.42 
C 1 6,528 6,528 0.14 
GS 1 75,951 75,951 1.67 
EM*C 1 116,964 116,964 2.57 
EM*GS 1 13,506 13,506 0.30 
C'GS 1 65,529 65,529 1.44 
EM*C*GS 1 205,492 205,492 4.51* 
Error 32 1,456,586 1,456,586 

Total 39 1,959,522 

* Significant at a = 0.01. 

FIG. 7.4. System effectiveness interaction. 



143 7. LABORATORY AND FIELD RESEARCH 

For life-cycle cost, group size was significant, F(l,32 ) = 12.44, p< 0.001, as 
shown in Table 7.5. 

There were no significant effects of engineering methodology on process 
time. However, the mean process time of sequential groups was greater than for 
concurrent groups. 

There were no significant effects of group size on process time. There were 
no significant effects of computer-supported cooperative work on process time. 

There were no significant differences between the process costs of groups 
using sequential versus concurrent engineering. However, the process costs for 
large groups was significantly higher than for small groups, F(l,32) = 128.70, 
p < 0.001, as shown in Table 7.6. 

TABLE 7.5 
Life-Cycle Cost ANOVA Table 

Source Df SS MS 

EM 1 44 44 0.00 
C 1 44,489 44,489 0.60 
GS 1 918,090 918,090 12.44* 
EM*C 1 180,634 180,634 2.45 
EM*GS 1 55,801 55,801 0.76 
C*GS 1 21,437 21,437 0.29 
Error 32 2,360,781 73,774 

Total 39 3,581,275 

* Significant at a = 0.001. 

TABLE 7.6 
Process Cost ANOVA Table 

Source Df SS MS 

GS 1 1,408,501 1,408,501 128.70* 
C 1 149,818 149,818 13.69* 
EM 1 6,656 6,656 0.61 
EM*C 1 37,088 37,088 3.39 
EM*GS 1 7,290 7,290 0.67 
C*GS 1 27,878 27,878 2.55 
EM*C*GS 1 9,181 9,181 0.84 
Error 32 350,201 10,944 

Total 39 1,996,613 

Significant at a = 0.001. 
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The process cost of computer-supported groups significantly exceeded the 
cost of noncomputer-supported groups F( 1,32) =13.69, p < 0.001. Finally, 
member satisfaction differences failed to reach significant levels (Meredith, 
1997). 

This study illustrates the feasibility of simulating complex organizational 
processes such as concurrent engineering in the laboratory. It also illustrates the 
efficiency and effectiveness of training student subjects to reach a level of per
formance aptitude sufficient to perform in a technical experiment. In contrast, the 
following study illustrates the use of professional experts as subjects in a labora
tory experiment. 

LABORATORY RESEARCH STUDY 
EXAMPLE: USING EXPERTS 

AS SUBJECTS 

Background 
As stated previously, a work system is comprised of two or more people (person
nel subsystem) interacting with hardware or software (technological subsystem), 
an internal and external environment, and within an organizational design. Com
munication processes are essential to the personnel subsystem. When the people 
in the work system are distributed, then technological support is required to cre
ate a "communication pipeline" for effective communication and decision mak
ing (Andre, Kleiner & Williges, 1998). Sometimes, as in the case of hazardous 
environments, technological subsystem elements do not necessarily support, but 
can potentially interfere with communication and the work process and thus 
adversely affect work system performance outcomes. 

A study was conducted to understand how chemical protective equipment and 
clothing (e.g., mission oriented protective posture (MOPP) equipment) affects 
work system process and team performance. There are five levels of MOPP. The 
level of protection depends on the type and number of protective garments worn. 
Table 7.7 indicates the various clothing configurations at each MOPP level. The 
protective garments include overgarment, overboots, mask/hood. MOPP 0 con
sists of battle dress uniform (BDU) only and includes no protective clothing. 
Levels 0 and 4 represent minimum and maximum protection, respectively. 

Team performance was operationally defined as the individual and collective 
behaviors of two or more individuals carried out to achieve a common goal. It is 
the sum of tasks performed by individuals and the coordinated actions of team 
members required to reach a shared goal. The measurement of team performance 
included both individual tasks and collective behaviors, such as communication 
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TABLE 7.7 
MOPP Levels 

MOPP Overgarment Overboots Mask/Hood Gloves 
Level 

0 None None None None 
1 Worn* Carried Carried Carried 
2 Worn* Worn Carried Carried 
3 Worn* Worn Worn* Carried 
4 Worn closed Worn Worn closed Worn 

Overgarment and/or hood worn open or closed based on the temperature. 

and coordination, in order to reflect the processes involved in team performance 
accurately (Shiflett, Eisner, Price & Schemmer, 1985). 

It was understood that the effects of MOPP on team performance can im
prove performance assessment, system design, and training for the military. 
In addition, understanding the effects of chemical protective equipment and 
clothing on team performance generally is critical to the performance assessment 
and training of many types of teams. While many team performance research 
studies have focused on military teams, the results of this study are particularly 
applicable to other civilian team-oriented operations (e.g., fire-fighting teams and 
chemical or nuclear disaster clean-up teams). Finally, protective clothing in un
contaminated environments, such as manufacturing "clean rooms," may impact 
team performance and production throughput and quality control. Studying per
formance outcomes alone cannot improve team process performance. This study 
attempted to determine which team processes, if any, were affected by MOPP 
during a cardiopulmonary resuscitation (CPR) task and a spinal injury manage
ment (SIM) task. Furthermore, this study investigated the performance effects of 
MOPP based on the role assigned (e.g., team member vs. team leader). The re
searchers also tried to determine which processes were related to performance out
comes and to validate previous research that has identified critical team processes 
that differentiated successful teams from unsuccessful teams (Grugle, 2001). 

Results 
The results of this study did not find a degradation of team process performance 
when teams wore MOPP 4 as compared to MOPP 0. The subjective ratings of 
performance degradation on the post-experiment questionnaire supported this 
result by suggesting that teams did not perceive a strong degradation in their 
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ability to adapt to changing situations—to communicate or coordinate with one 
other. The significantly higher NASA TLX (workload psychophysical instru
ment) subjective workload ratings for MOPP 4 tasks indicated an increase in 
workload at the individual level, but the increased workload apparently did not 
affect the team's ability to communicate or coordinate. Additionally, the results 
of this study did not suggest an increase in the number of errors or severity of 
errors. Subjective ratings of overall performance were good regardless of the 
number of errors or error severity (Grugle, 2001). 

The researchers explained these results in terms of the nature of the rescue 
tasks and the team performance measurement technique used in this study. In 
order to use the TARGETS methodology, an observational technique, all task 
scenario events were scripted. A less strictly controlled scenario might allow for 
a broader range of responses and interactions between team members. CPR and 
SIM required the teams to follow rigid rescue procedures, and teams were penal
ized with errors for deviating from the standard procedure. The levels of coordi
nation, communication, and adaptability required to successfully perform a res
cue were already designed into the training procedure. The researchers indicated 
it might be possible that team processes were not degraded because the teams 
were formally trained to respond to events and one another in certain ways. 
Therefore, the results of this study may not generalize to tasks that have a greater 
degree of complexity and a broader range of possible responses. 

Task duration and task environment also might have impacted the results. 
The tasks might have been too short for team members to become sufficiently 
fatigued or frustrated enough to see a degradation in their ability to interact and 
coordinate actions. In addition, the controlled climate did not allow for team 
members to become overheated. If tension levels in individuals rise as a result of 
the increased heat experienced when wearing MOPP, their ability to interact 
with other team members may decrease. 

The trade-off between experimental control of the tasks and generalizability 
to real-world tasks played a major role in the outcome of this study. The team 
performance measurement technique used and the resulting task scenarios lim
ited the team's ability to interact at a level that might have produced significant 
results. 

Finally, and most importantly to this study's role as an example of using ex
perts as subjects, there were many difficulties recruiting and retaining subjects. 
Using experts as subjects required institutional approvals from both the univer
sity IRB (institutional review board) as well as from the external organizations 
supplying subjects. While managers in these organizations were quite enthusias
tic about participation, getting subjects to actually appear in the research labora
tory for the study was a challenge. In several cases, subjects simply did not meet 
their obligation and show up. Also, as compared to using students as subjects, 
the subjects in this study were highly trained. Nevertheless, variability in training 
and skill still was observed. 
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QUASI-EXPERIMENT FIELD 
STUDY EXAMPLE 

Background 
A research program was implemented to determine preferences for the design 
of distributed meeting facilities used for video-enhanced electronic meeting 
systems (Grenville, 2001). Although there is literature in the group communica
tion domain, the research in this multidisciplinary area has paid minimal atten
tion to users' environmental preferences in the design of large-scale meeting 
spaces. Three studies were designed and performed to explore the variables that 
defined the design of a distributed meeting space from the users' perspective. 
Twenty-five inexperienced college-enrolled participants and 25 experienced mil
itary professionals used foam-core pieces to create a design of their ideal distrib
uted meeting space. Thirty-seven variables were used to categorize qualitative 
attributes of the designs. Three types of designs emerged from the sample popu
lation: V-shaped, conference (U-shaped or oval), and theater (auditorium) style. 
Qualitative methods were used to measure the impact of the heuristics on the 
users' physical design of their distributed meeting spaces. 

Results 
Level of experience is a distinguishing characteristic of users' preferences in the 
meeting environment. More experienced users assigned greater importance to 
auditory clarity, whereas naive users assigned more importance to visual clarity. 
However, both groups shared a common set of design themes. The findings from 
this research study provided insight into the user's mental model of interaction in 
this environment. Naive users' mental models were most concerned with the 
needs of virtual co-location, while the experienced users' mental models were 
more concerned with achieving immersion in the meeting experience despite the 
challenges of virtual co-location. Both nonexperts and experts found the empiri
cally derived heuristics easy to understand. Nonexperts reported that they were 
slightly more difficult to apply and therefore less useful. 

A macroergonomic participatory approach was attempted. However, there 
were issues with the amount of time required to complete this process. In actual 
situations, teams are unlikely to take the necessary time to plan and/or configure 
the facility and are not likely to spend more than a few minutes on meeting 
preparation. Further research is required to determine the appropriate medium 
for participation. Design strengths identified by participants in Study 1 were also 
identified by participants in Study 2. For example, themes and characteristics 
documented from the interviews in Study 1 were identified as design issues, 
strengths, and changes by participants in Study 2. This observation adds validity 
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to the methods used in Study 1 and Study 2. The researchers observed consistent 
results between the field and laboratory settings. 

The findings indicated that users have a shared mental model for conducting a 
distributed meeting. First, users' perceptions of this environment will be based 
on experience level. Naive users will tend to focus on the technical goals of dis
tributed communication. Experienced users will focus on the goals of overall 
communication. Naive users will focus on the visual aspect of co-location and 
will focus to a lesser degree on physical co-location and aspects of a traditional 
meeting. Experienced users will focus on the overall communication at both 
meeting sites and have a heightened concern about audio quality during a meet
ing. Experienced users will also be more concerned about achieving the capabili
ties of a traditional meeting. Neither naive nor experienced users of these sites 
distinguished between position and type of equipment available in the room with 
the exception of three items: table configuration, position of the computer, and 
type of computer. Results in Study 1 indicate that users' anticipated interaction 
with distributed technology may vary, based on experience level. Users also 
have different views on the need for privacy, computing power, amount of avail
able workspace, and the ability to move machines. Visual privacy is a greater 
concern than auditory privacy. All of the specific issues mentioned here can be 
impacted by configuration, position of computer, and type of computer. 

Consistent requirements emerged for the design of distributed meeting rooms. 
These requirements differ based on level of experience with the meeting envi
ronment. It appears from this data that the design model for the naive user will 
be more focused on meeting the technical goals of distributed communication, 
whereas the goals of the experienced users are more focused on overall commu
nication. A consistent set of rules emerged in the form of design themes. 
However, it appears that the application of the design themes also differs based 
on experience level. The findings about rules usage support those on require
ments. More experienced users cite the usage of rules that focus on overall com
munication and team collaboration than naive users. More naive users cite the 
need for visual communication (large public displays) than expert users. Experi
enced users also tended to cite more esoteric concerns such as breakaways, flexi
ble furniture, and lighting more often than naive users. 

Nonexperts and experts alike reported the heuristics as usable. There were 
differences between the two groups in their reporting of the usefulness of the 
heuristics. Naive users reported them to be less useful than expert users. This 
may be because these heuristics were prescriptive in their approach but did not 
provide a step-by-step application of the heuristics to a particular room design. 
Instead, they required users to assimilate information and to apply the informa
tion to their design. This type of extraction of information for a set of guidelines 
may be more difficult for nonexperts because they lack experience in dealing 
with design issues related to the distributed meeting environment. 
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Overall, post-hoc analyses supported the notion that users do adhere to a con
sistent set of design rules and have a consistent set of requirements for the dis
tributed meeting room environment. The analyses also placed emphasis on the 
experience level factor and further established differences between naive and ex
perienced users and inexperienced and expert evaluators. This study directly 
compared the use of laboratory and expert subjects and illustrated the complexi
ties of performing quasi-experiments in the field with expert subjects. As was the 
case with bringing experts into the laboratory, described in the previous section, 
recruitment of subjects was a challenge. Unlike the MOPP example, in this study 
it was management who, on one occasion, decided to disallow the use of their 
personnel as subjects. 

CONCLUSION 

Macroergonomics concerns the analysis and design of work systems. Accord
ingly, macroergonomic research is needed to answer both applied and basic re
search questions about work systems. Several studies were presented to illustrate 
the feasibility of performing empirical macroergonomic research. First, we illus
trated the conduct of field research in actual organizations. Here the survey 
methodology was employed. Though correlational in nature, this data did serve 
to help quantify a fuzzy sociotechnical system construct, "joint optimization." 
Next, we illustrated a laboratory investigation using students as subjects. In this 
case, we investigated the concurrent versus sequential engineering paradigms. 
Then, in contrast, we illustrated how actual professional experts can be brought 
into a laboratory setting to participate in controlled studies of macroergonomic 
variables. Here team process as it is affected by MOPP gear was the focus. 
Finally, to illustrate the application of experimentation in the field, we 
overviewed a study of large-scale videoconferencing. 

Clearly, there are trade-offs when deciding whether to use students as subjects 
or experts as subjects, and whether to perform a study in the laboratory or in the 
field. The laboratory and use of student subjects offer more control and effi
ciency with respect to recruitment and conduct of the study. However, the use of 
specialists as subjects and actual organizational environments offers a greater 
degree of external validity and generalizability of results. 

Together, these studies illustrate that theoretical constructs and factors from 
macroergonomics, and its underlying sociotechnical systems theory, can be 
tested and thus better understood through traditional research methods. Popular 
scholarly outlets for the publication of such studies is currently exemplified 
by such journals as Ergonomics, Applied Ergonomics, Human Factors and 
Ergonomics in Manufacturing, International Journal of Industrial Ergonomics, 
Human Factors, Journal of Applied Psychology, and Human Relations. 
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A Macroergonomic

Approach to Reducing

Work-Related Injuries


Andrew S. Imada 
A. S. Imada & Associates 

INTRODUCTION 

Traditionally, occupational injuries and accidents have been viewed as singular 
system outcomes independent of profitability, management, or organizational 
context. Hendrick (199la) proposed a macroergonomic approach that can be 
used to address injury prevention. This alternative view suggests that there are 
multiple causal factors (e.g., psychosocial, ergonomic, management, engineer
ing) that influence safety. This approach is a major development and an over
arching theme for psychological, systems, and participatory methodologies for 
injury reduction and mitigation. A macroergonomic approach to improve safety 
begs us to expand the scope of our usual interventions to reduce work-related in
juries. Our traditional strategies that involve engineering, training, or administra
tive control may be too limiting to be effective (Nagamachi & Imada, 1992). A 
more robust model acknowledges that accidents and human error have multiple 
causal factors that extend well beyond the scene of the event. DeJoy (1990), 
Nagamachi (1984), and Nagamachi and Imada (1992) have presented macro-
ergonomic models that begin to describe these mismatches in human interface. 
Recently, research evidence has emerged that supports these models; for exam
ple, psychosocial factors, decision latitude, and employee relationships may 
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moderate the relationships between human interface hardware and musculo
skeletal disorders (Faucett & Rempel, 1994). Further, there is evidence that 
psychosocial factors related to the job and work environment play a role in 
work-related musculoskeletal disorders (NIOSH 1997, Chapter 7). 

Traditional Approaches 
to Reducing Injuries 
Perhaps organizations' inability to influence people's behavior and safety signifi
cantly lies in their unidimensional approach. Typically, organizations react to in
creases in frequency rates or accident events rather than manage processes. Most 
organizational strategies for dealing with safety issues create one or two psycho
logical consequences. The first psychological consequence is to increase workers' 
knowledge. The most common technique is to train people on proper techniques, 
machine use, or safety procedures. Other techniques for increasing knowledge in
clude creating greater awareness, alerting people to the environment, providing 
cautions, and introducing new information. Whatever the intervention strategy, 
the outcome is the same—an increased number of facts, knowledge, or ideas. The 
second psychological consequence that organizations create is negative affect. 
This negative affect is achieved through reprimands, punishment, or increased be
havior monitoring. Exhorting workers to work safely and telling them how to do 
their job elicits negative affect. Though this may not be the intention, these are the 
psychological conditions traditional programs can create. Traditional interven
tions that create increased cognitions or negative affect are insufficient to change 
behavior. Using training or punishment exclusively ignores the fact that the deci
sion to behave is a complex multifaceted process. 

Macroergonomic Approaches 
to Reducing Injuries 
A broader conceptualization suggests that human error or accidents are the result 
of an interface between workers and their environment. This human system in
terface has at least three dimensions. First, situation-based factors are related 
to the immediate work environment in time and space. These might include: 
a wet work surface, complicated workstation layout, dangerous equipment left 
unguarded, or uncertain environmental conditions. Second, management-based 
factors include: failures in communication, leadership, and awareness of risky sit
uational factors, or failure to train or warn people. Finally, human-based factors 
include: emotional states, attention, distractions, morale, motivation, teamwork, 
and stress. Traditional safety and ergonomic interventions (e.g., accident investi
gation, hazard analysis, job safety analysis, fault tree analysis, link analysis) may 
be useful for teasing out situational or even managerial factors. However, these 
traditional analyses do not capture, describe, or address human-based factors. 
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A macroergonomic approach to improving safety needs to address more than 
one set of factors. A human-centered ergonomic approach establishes counter
measures for overcoming the human-based factors and recognizes its influence 
on external factors. For example, when a paper roller is rotating at a high rate of 
speed, operators immediately recognize the danger. However, after the mainte
nance worker turns the machine off and the roller slows, this worker may place 
his hand on the roller to slow it down. Which interface factors alter the opera-
tor's risk perception enough to encourage him to place his hand in the way of 
danger? No single factor is sufficient to account for this risk. Situation-based fac
tors (e.g., the absence of a guard), management-based factors (e.g., rewards that 
encourage workers to take risks), and human-based factors (e.g., feeling rushed) 
are all necessary to understand this event. 

Akamiso Effects 

After analyzing hundreds of industrial accidents, Nagamachi (1984) describes 
three levels of a human ware model. Cognition refers to the knowledge and skills 
required to do a job safely. This is typically addressed through training and trial-
and-error practice. Value judgment refers to the operator's opinions of safety 
regulations and safety programs. Affect refers to the operator's feelings or emo
tional states or temporal moods that can cause operators to underestimate the real 
risk of their actions. Nagamachi (1984) describes a training method for reducing 
accidents by increasing workers' sensitivity to risk and understanding the role of 
affect in causing accidents and errors. Nagamachi Kiken Yochi (NKY) addresses 
these human-based factors directly and has been successful in improving safety 
in Japanese organizations. When operators understand sources of akamiso (nega
tive affect) and how these states can influence safety performance, they can 
begin to take control of these factors and behave safely. They also begin to un
derstand hidden sources of safety risks that were not obvious when operating 
under akamiso effects. 

Management-based factors also need to be addressed in akamiso training. 
Managers need to be aware of how they contribute to hidden safety risks in the 
workplace. In Japan, managers are trained in NKY together with the operators. 
Managers then focus on: (1) identifying risks in the working environment; 
(2) improving these risky conditions; and (3) supporting the quality circle kaizen 
activities. These subtle and often distant changes can have dramatic effects 
on safety performance. The outcome is improved situation-based factors, which 
address the traditional ergonomic interventions. 

Psychological Dimensions of Injury Reduction 

Imada and Nagamachi (1990) present a similar conceptualization of attitu
dinal components. They argue that the affective component plays a large part 
in human error and accident events. There is evidence that links poor safety 
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performance to affective responses such as workers' job satisfaction (Frankel, 
Priest & Ashford, 1980; Wolf & Pearson, 1992). This is also the component that 
traditional ergonomic and safety programs are least likely to address. 

Psychologists have long recognized that our predisposition (our attitude) toward 
specific events, objects, or persons has three components—behavioral, cognitive, 
and affective. Traditional accident investigation and ergonomic interventions have 
focused on the behavioral component. If unsafe acts predispose humans to injury, 
we can reduce injury by altering machine design (e.g., guards, signs, barriers). The 
cognitive approach to influencing occupational safety and health is to introduce 
new information or ideas through training. The worker is taught new skills, tech
niques, tool usage, rules, and procedures. The third approach addresses the affec
tive component. This approach attempts to influence feelings such as job satisfac
tion, stress, attitudes, temporal emotional states, and organizational climate. 

While the interrelationships among these three components are not always 
clear, the distinction is nevertheless useful. Because few humans willfully hurt 
themselves, the omnipresent "human error" in accidents might be attributed to 
inattention or temporal affective conditions. While this appears to be common 
knowledge among practitioners, little is ever done to alter these affective states. 
This suggests that improving safety may require integrating components not typ
ically associated with safety; for example, supervision can create emotional re
sponses such as anger, frustration, pride, job satisfaction, and organizational 
identity. To the extent that these variables influence attitudes, they are important 
to improving safety. A macroergonomic approach considers supervisory training 
as important as technical training in reducing safety risks. 

Risk Perception 

Willingness to accept risk appears to be some function of the probability and 
severity of the risk, where: 

Risk Acceptance =/(Probability X Severity) 

Systems safety engineers have used this model to evaluate and prioritize risks. 
While we may not be able to define the mathematical operation of this function 
explicitly, the approach is nevertheless intuitively appealing. People are attracted 
to or repelled from events by their perceptions of the likelihood and conse
quences of these events. More recent research suggests that this functional rela
tionship is not a simple linear process; for example, the introduction of new in
formation is not additive. Existing beliefs or attitudes can influence the 
interpretation of incoming information, intended to change either the probability 
of an event or the severity of an event (Nisbett & Ross, 1980). Further, Slovic 
(1987) points out that the perception of risk is dependent on heuristics that 
humans use to filter incoming data. 
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Information can carry unduly heavy weight in influencing risk perception de
pending on existing values, attitudes, or temporary affective states; for example, 
events that are perceived as having potentially gruesome consequences may be 
intolerable despite the low probability of these events ever occurring. It may be 
useful to think of each of the competing factors influencing the perception of risk 
as dynamic forces in field theory (see Lewin, 1951). However, because human 
attention is limited, and we can only deal with a few pieces of information simul
taneously, each factor competes for space in the central arena of consciousness. 
Arguably then, it is the affective component that determines which cognition 
takes center stage in arriving at the perceived risk. It appears that introducing 
new information is not a simple additive process; risk acceptance is dependent 
on the relationships among cognitive, affective, and behavioral components 
rather than cognitions alone. Both the akamiso and psychological models suggest 
that a human-centered approach to addressing safety management can make a 
large contribution to reducing accidents and human error. Moreover, the 
macroergonomic perspective presents a great advance in tying together charac
teristics of the human and the organizational context where work occurs. 

Participatory Ergonomics 

While participatory ergonomics is often viewed as an approach to improve 
productivity, quality, or efficiency, it has another positive effect. Involving 
workers in ergonomic improvements also improves their view of the work they 
do, ownership of the ideas, responsibility, and even the ways they see themselves. 
In this respect, participatory ergonomics can be viewed as a human-centered 
approach that can improve safety as a side effect. When people participate in im
proving a process, production method, or reducing costs, they generate 
positive affective states (Imada, 1991a). These can be observed in improved 
morale, teamwork, self-esteem, group identity, and commitment and ownership 
to ideas. According to this humanware model, positive affective states allow 
people to operate at a cognitive level so they are better able to identify and 
deal with safety hazards. (See Chapter 2 for additional discussion of participa
tory ergonomics.) 

Nagamachi (1991) applied a participatory ergonomic approach to an automo
bile assembly process and achieved remarkable results. Integrating this approach 
into existing quality control circle (QCC) and kaizen (continuous improvement) 
processes produced results that were more effective than ergonomics would have 
been alone. The combination of ergonomic technology, management involve
ment, and human-based factors produced results far beyond the effects of these 
interventions individually (see Chapter 6 for additional discussion of this case). 

Therefore, participatory ergonomics can be viewed as means for reducing 
work-related injuries, not only through the ideas it generates, but also because of 
its human-centered approach. Involving end-users in implementing ergonomics 
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addresses human-based factors such as motivation and removal of negative 
akamiso effects. 

Implications of Macroergonomic 
Injury Reduction 

Systems Thinking 

There are at least two major conceptual implications for adopting a macroer
gonomic approach to injury reduction. First, it shifts the focus away from singu
lar causal events to more realistic systems level thinking. This is consistent with 
current thinking on problem solving and quality processes that operate in other 
parts of the same organizations. Focusing on unidimensional interventions would 
be ineffective and counterintuitive to the way organizations are solving other 
kinds of problems. To be effective, interventions intended to affect processes as 
complex as accident events cannot take a functional or academic discipline as a 
primary approach. Instead, it should cause ergonomists, epidemiologists, and 
safety and health professionals to take innovative systems approaches to solve 
problems. The second implication of this approach is that it may cause people to 
look at the injury event as a chaotic process. 

Chaotic Systems 

Chaos is associated with the study of nonlinear dynamics, which in recent 
years has gained wide recognition as an alternative to current linear paradigms 
(see DeGreene, 1990; Gleick, 1987). Nonlinear chaos refers to a controlled ran
domness in systems that has disproportionate effects from stimuli. The disor
derly behavior found in chaotic systems leads to a creative process that generates 
a rich complexity representing the spectrum of living things. Chaos can convey a 
feeling of harmony between order and disorder. These systems are also robust, 
adaptable, and can operate under a wide range of conditions enabling survival of 
unpredictable and changing environments. Unlike linear systems, nonlinear 
chaotic systems allow the disturbance to feed on itself and dissipate; the system 
then restabilizes. This may explain how biological systems use nonlinearity as a 
defense against environmental noise. 

These chaotic processes often create fractal structures that defy traditional 
Euclidean dimensions. While fractal patterns appear random, they have an un
derlying characteristic called "self-similarity," which is a symmetry across 
scales; that is, at different levels (length and time) details of fractals may look 
alike. This recurring pattern within a pattern creates strength and diversity. 

Unlike traditional ergonomic implementation, participation can create diver
sity in ergonomic strategies. The participants' varying interests, politics, educa
tion, motives, and hedonism cause ergonomics to be a fractal-like discipline 
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rather than a linear one. Such solutions would be stronger, more adaptable, more 
resilient against environmental variations, and therefore able to be regenerated. 
Conceptually, we can envisage a myriad of solutions, which bear no relation. 
However, on closer examination we find that ergonomics is the theme that cre
ates the self-similarity in these fractals (Imada, 1991b). 

User involvement in ergonomic changes coupled with individual differences 
can replicate the strength and diversity found in fractals. These, we believe, are 
valuable characteristics. However, to achieve them we will be changing the way 
we go about our business. This will mean a paradigm shift from linear to non
linear thinking. In its place we may have to put fractals and nonadditive systems 
that may not be solvable. Allowing people to participate entails shifting informa
tion from a centralized to distributive mode. This will require empowering 
people to be problem solvers. These changes will no doubt be stressful. How
ever, the potential payoffs for this macroergonomic intervention to create chaos 
and change cannot be ignored. 

A MACROERGONOMIC INTERVENTION 

The Organization 
This intervention involved a region of a Fortune 50 petroleum manufacturing 
company. This organization was one of nine geographical regions responsible 
for storage and transportation of bulk petroleum products to retail outlets and 
commercial customers. The region's geographical boundaries included southern 
California, southern Nevada, and southern Arizona. This product delivery sys
tem serves one of the most heavily traveled motor transportation markets in the 
world. This region serves the counties with the highest number of registered 
vehicles, licensed drivers, motor vehicle accidents, fatalities, and injuries in 
California. This state is the largest petroleum market in the United States and the 
fourth largest in the world; more than half of the gasoline stations are in this 
region. In 1990, there were 4,663 stations in four counties in the Los Angeles 
area. In 1989, drivers covered 5 million miles to deliver 1.3 billion gallons of 
gasoline. More than 700 deliveries are made every 24 hours, 7 days a week, with 
an operating budget of $38,000,000 (U.S.). The region works with three labor 
unions in 25 different supply sites. Currently, nine terminal managers and one 
area manager oversee the gasoline distribution and 235 employees. 

The Problem 
Historically the region's accident and lost-time rates have been higher than 
other regions with similar responsibilities, procedures, and functions. This should 
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hardly be surprising given the increased risk with more motor vehicles, higher 
vehicle density, more accident events, and more motorists in the largest gasoline 
market in the world. However, the motor vehicle accident rate doubled, the in
dustrial injury frequency rate doubled, and lost work days quadrupled between 
1986 and 1987. Management's initial response was predictable; they planned to 
reintroduce a comprehensive training program that included technical (driver 
safety), ergonomic (lifting), and cognitive/emotional (stress) components. In 
short, the plan was to improve safety performance through training. 

This is a typical reaction to increasing safety performance metrics. The results 
are also predictable because of the unidimensional focus on only one of the psy
chological dimensions. Because of the size of these changes and past failures in 
traditional approaches, management contacted a consultant to examine accidents 
and injuries as part of total organizational functioning. 

A three-phased approach was proposed and approved. First, an organizational 
assessment was used to diagnose the current state of organization and the prob
lem. Second, organizational and process changes followed, based on the diagnosis 
from the first phase. Third, monitoring and evaluation of the safety performance 
metrics were kept and fed back into the system for continuous corrective action 
and evaluation. 

ORGANIZATIONAL ASSESSMENT 

The Process 
The first phase was an organizational assessment to review safety data, proce
dures, and organizational and management influences. Interviews with truck 
drivers and their immediate supervisors provided a large part of the data. Indi
vidual and group interviews were conducted to obtain driver perceptions of acci
dents and injuries and their role in the process. Interviews were conducted with 
regional staff, corporate headquarters staff, and internal technical specialists to 
learn about management practices, reward systems, incentives, disincentives, 
personnel policies, accident reports, and equipment design. Observations were 
made during meetings. Formal and informal communications were observed to 
understand how the organization functioned, cultural patterns, and normative 
behavior. Data, records, and incident reports were reviewed. 

Key Organizational Features 
As with most large, successful business systems, this organization had developed 
several strengths which, by their nature, create weaknesses. These shortcomings 
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are the basis for the mismatch between sociotechnical system requirements and 
standard operating procedures. Some examples include: 

• As an organization with a strong engineering culture, much of the 
problem solving focused on analysis. Most of the analysis focused on 
technical details rather than human requirements or akamiso solutions 
(Nagamachi, 1984). 

• Efficiency is a highly valued feature in a strong engineering culture. At 
times, efficiencies came at the expense of how people may feel about the 
work, causing negative affect. Traditional systems were designed to maxi
mize metrics rather than provide a human-centered approach. 

• Unreliable plant and equipment made safety performance goals difficult to 
achieve. These working conditions also led to lower morale. Employees did 
not experience positive affect (e.g., pride, appreciation) when working with 
equipment that was perceived as being "second class." This negative affect 
influenced the psychological dimension in the effort to reduce injuries. 

• A highly procedure-based approach to managing every detail of how peo
ple performed their jobs was developed centrally. This made employees 
feel like passive recipients of orders that were not well understood. Conse
quently, actions that were prescribed to mitigate certain risks may have 
been ignored because the perceived probability of the event may have al
tered risk perception. Finally, the highly monitored behavior led to a sense 
of lack of control over the environment and negative affective states. 

• As an organization with long-term employees and high loyalty, a patri
archic relationship was the standard between the management and the line 
employees. This parent-child relationship stifled innovation in problem 
solving and led to unempowered employees. Success was highly depen
dent on leaders and less dependent on everyone else. There was little in
centive for participation, no reason for buy-in, and morale was low. 

• The organizational structure was a dysfunctional matrix design with well-
defined silos, distinct cultures, and win-lose outcomes. Consequently, com
munication among organizational units was poor and cooperation was low. 
Success depended on personalities and individual preferences. 

The engineering culture and the nature of the industry created strong, narrow 
areas of expertise and approaches to problems. Diversity in people, ideas, and 
solutions was similarly narrow. This stifled the creativity that is necessary in sys
tems that are robust, adaptable, and operable under a wide range of conditions. 
Organizational design and functioning were mechanisms to maintain stability. 
The confusion and discomfort that come with change were dampened by lower 
communication, one-way communication, and hierarchy. Balance, symmetry, 
order, and predictability are not hallmarks of adaptive, chaotic systems. The 
organization needed mechanisms to infuse ergonomics and safety as part of its 
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ongoing culture. When good ideas emerged at one level of the organization, they 
had no way of developing "symmetry across scales" and penetrating different levels. 

Organizations need to be able to respond to their environments with changes 
that correspond to the environmental demand. Weick (1988) calls this ability to 
modulate an appropriate response requisite variety. Requisite variety, a well-
known engineering principle, posits that to control a system, the controller must 
be at least as complex as the system it intends to control (Guastello, 1995, 
p. 122). Weick extends this logic to organizations and its ability to control itself 
and its environment. Lack of diversity and aversion to chaos were stifling cre
ativity in an organizational environment that was changing dramatically; for ex
ample, long-term, loyal employees traditionally staffed the personnel subsystem. 
Little attention was given to identifying, selecting, and training a cadre of new 
employees. Regulatory and environmental requirements were being met using 
the same mechanisms that satisfied less stringent requirements. Costs for acci
dents, legal liabilities, and litigation were underestimated. In short, the organiza
tion lacked the requisite variety to function effectively in its new environment. 

Recommendations 
Macroergonomic concerns about these organizational features were translated 
into recommendations that management could use to synthesize the assessment 
results. The causes of safety problems were summarized in three organizational 
themes. First, the region was good at problem identification but unable to imple
ment programs to solve problems. Second, the region was strong in technical 
analysis of safety problems but weak in managing human performance. Third, 
the region had potentially effective programs; however, these programs lacked 
integration. 

THE INTERVENTION 

Employee Involvement 
Recommendation. Safety programs can and should be implemented 

through employee participation. The thrust of this recommendation was to em
power employees to recognize, solve, and promote solutions to safety problems. 

Increased Control Over Their Work. Drivers were allowed to control 
facets of their work that may not have immediate bearing on safety, but have 
akamiso effects (Imada & Nagamachi, 1990; Nagamachi, 1984) and conse
quently impact driver performance. An example was the sequencing of deliver
ies. By determining their own load sequence, drivers were able to use their 
knowledge and experience in reducing travel time and taking advantage of traffic 
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patterns. This resulted in higher efficiency in the delivery system and reduced 
exposure to high-density traffic. A second example of increased control was 
scheduling working hours. At the time, a new drivers' labor contract called for a 
new compensation system. They went from working a traditional 40-hour week 
to 55 hours per week, with some drivers working as few as 44. In assigning 
people to different work schedules, drivers were given choices about which kind 
of schedule they wanted to work. Perhaps more importantly, it gave drivers 
greater control and commitment in their job and work assignments. 

New Driver Selection. One example of increasing the organizations' abil
ity to respond to its environment (requisite variety) was the hiring of new prod
uct delivery drivers with safety performance as a major factor in the selection 
process. Prior to this intervention, local management had complete control and 
responsibility for identifying, screening, and training new employees. The selec
tion decision was made on the basis of referrals, personal relationships, and a 
face-to-face interview with the manager. To increase the range of responses and 
perspectives, employees were brought into the process to create more robust per
spectives on safety performance. Drivers participated in a job analysis to deter
mine key skills for new drivers. One of the three predictors selected was "safety 
performance." In so doing, the drivers were looking for new drivers who were 
not only skilled in driving tanker trucks, but also drivers who could work injury-
free because of their nondriving skills. This is in marked contrast to a system that 
depended on knowing the individual decision-maker and performance in a face-
to-face interview alone. Job qualifications, knowledge, skills, and abilities were 
developed from this job analysis. 

At each work location, a team of drivers was trained to screen and interview 
potential new employees. The training introduced them to the interviewing 
process (how-to, legal aspects, types of questions, purposes of the interview, 
mistakes to avoid, and videotaped practice sessions). The drivers made up simu
lations for the candidates to demonstrate their skills. A structured board inter
view format and behaviorally anchored expectation scales (Smith & Kendall, 
1963) for each predictor and performance criteria were developed. This was an 
important process for a company that up to this point had very little turnover and 
therefore little experience hiring new employees. It was also an important mes
sage to send to the new employees; that working injury- and accident-free is an 
important part of the job. Drivers' participation in this selection process ampli
fied the message. 

Station Redesign. Drivers made deliveries to locations that were poorly 
designed from their perspective. It is hard enough driving a 10,000-gallon vehicle 
in congested city traffic without built-in obstacles. Poorly designed delivery 
sites are the cause of frustration, stress, and other akamiso effects (Imada & 
Nagamachi, 1990; Nagamachi, 1984). This negative affect can lead to accident 
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events. Moreover, the inability to control the design of the delivery site means 
that these obstacles will exist for the life of the retail outlet, often 10 or more 
years. Obstacles and sources of frustration included: location of storage tanks, 
entrance and egress requirements, parked cars for repair, location of public 
phones, air and water customer conveniences, landscaping, and pedestrian pat
terns created by station design. Drivers participated in reviewing and approving 
plans whenever a new gasoline station (retail outlet) was constructed or rebuilt. 
The drivers identified hazards, bad tank locations, unsafe places where customers 
are likely to park their cars, phones, air and water pumps, ornamental or decora
tive features, and signs that could obstruct visibility or cause an injury. Plans 
could not be approved without driver participation. This participation was a 
source of discomfort for a company with a strong engineering culture. Having 
people from operations participate in construction and design was a new and var
ied response to how the company had operated in the past. This was an example of 
increasing the organization's complexity to respond appropriately to its environ
ment. Weick (1995) noted that this is not uncommon, because with greater com
plexity comes a greater search for and reliance on the habitual and routine (p. 87). 

Reward Programs. For ease of administration, headquarters prescribed all 
safety awards, and recognition. This overall strategy lacked the diversity to moti
vate individual drivers and locations. System stability and consistency were main
tained, but individual motivations were ignored. Drivers were asked to decide on 
a local program that met their needs within general parameters. Several different 
programs were developed for the eight geographically dispersed workplaces. This 
gave the drivers ownership and pride in their individual safety performance. Em
powering employees to select valued consequences to their behavior can be a 
powerful tool for altering human behavior and system performance. 

Back Injury Reduction Program. Drivers participated in a program that 
allowed them to select individual belts that improved lumbar support. This par
ticipation improved drivers' understanding and awareness of ergonomic prob
lems inherent in driving. This was in sharp contrast to the top-down, mandated 
training that was traditionally forced on all employees. 

Equipment Redesign. Many of the ergonomic improvements came from 
employees' ideas for reducing injuries and accidents. Supervisors began enlist
ing employees' help and listening to their ideas. The region's poor safety record 
matched the poor productivity and unreliable plant and equipment. Not surpris
ingly, morale was low. At the same time, employees felt the threat from outside 
competition coming into the company. 

Regional management began to make changes such as improving equipment 
and plant reliability; buying more comfortable and easy to use equipment (e.g., 
seats, location of equipment, performance support tools); and putting equipment 
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(e.g., mirrors and lights) where employees said it was needed; buying tools so 
people could do their jobs safely; placing an emphasis on workplace safety when 
purchasing and replacing equipment; and following up on employee suggestions 
for improvements. Safety became part of the capital budget and purchasing 
process. While recapitalizing plant and equipment is not new, involving employ
ees and tying equipment expenditures to safety is a novel approach. Traditional 
purchasing and recapitalizing focuses almost exclusively on cost, durability, and 
life cycle—rarely is it tied to safety. 

One of the most noteworthy projects undertaken was the redesign of the hose 
tray on the product delivery truck. Drivers unload varying quantities of product 
into underground storage tanks at the stations. The gas is gravity-fed into the 
tanks using a plastic hose and a vapor recovery hose that returns tank vapors into 
the truck's compartments. The driver handles two pairs of hoses at every deliv
ery site. Depending on the workload, drivers make anywhere from one to eight 
deliveries each day. This requires handling these pairs of hoses up to 16 times a 
day. At the end of the hose is a 14-pound (6.35 kg) fitting that is lifted each time 
the hose is handled. For any employee below the seventy-fifth percentile for 
males, this required a lift above the shoulder. 

The head mechanic first noted this problem of lifting hoses at one of the 
vehicle maintenance shops. With no formal training on equipment design or 
ergonomics, he began to undertake this project singlehandedly. He worked with 
a tank manufacturer and came up with a prototype design. At first, this new de
sign met a lot of resistance from the drivers. 

Recognizing this resistance, we implemented a participatory ergonomic re
design strategy to make modifications to address these concerns (see Imada, 
199la). We involved three drivers and a head mechanic in several meetings over 
several months to discuss further improvements. They identified issues, deter
mined criteria for solutions, brainstormed solutions, performed link analyses for 
movement and control, and tested different design ideas. The redesign led to sev
eral improvements without major modifications to the truck chassis, tank capac
ity, or safe operation. The sole purpose of the redesign was to make it easier for 
the driver to perform the work and reduce fatigue and injury. This was achieved 
by allowing drivers to stand upright and bring the load as close as possible to the 
body. The participatory ergonomic redesign process was useful for transferring 
lessons learned from this redesign. The design reduced the biomechanical re
quirements for the work as well as the work process. After driving on this new 
equipment, the drivers instructed other drivers on how work was changed and 
what this new work process required. 

Driver College. On the initiative of two drivers, the region instituted a 
Chevron driver college. The concept was to have master drivers teach other dri
vers about safe working procedures, maintenance, pre- and post-checks, accident 
investigation, driving techniques, and loading and unloading procedures. The 
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class lasted one work week and included classroom, hands-on, and driving activ
ities. This was a process conceived, designed, taught, and evaluated by employ
ees who were truck drivers, maintenance mechanics, master drivers, and driver 
instructors. All evaluations of this training initiative were positive. Drivers and 
driver instructors from the different work locations appreciated learning about 
safe work procedures and injury reduction techniques from other drivers. This 
college was conducted throughout southern California and Arizona. 

Communication 
Recommendation. Manage human performance through communication 

and feedback. Much of the region's work was underpublicized or perceived as 
unintegrated. Communication loops enabled people to see the connection be
tween safety and other organizational functions. 

Information Sharing. Management began sharing information on future 
programs that might impact safety. For example, part of the region was to be 
placed under a new incentive pay program. Safety was a point of discussion in 
introducing this plan. Capital programs, marketing plans, technology upgrades, 
and truck purchasing programs became standing agenda items at communication 
meetings. This was a dramatic transformation from earlier meetings that were 
complaint sessions and high conflict events. 

Positive Feedback. The region began focusing on accomplishments when 
discussing safety. This positive feedback was well deserved. The majority of em
ployees were skilled drivers operating at a high level of efficiency and safety. In 
an analysis of employees involved in safety incidents, we discovered that fewer 
than 5% of the employees had less than perfect safety performance. Yet all em
ployees received the same negative information about safety. This positive feed
back reinforced their behavior; negative feedback was reserved for offenders and 
low-level performers. 

Communications from headquarters were once limited to a standardized form 
comparing regions across the country. Because this region is the most densely 
populated and heavily congested, it was not surprising that they had the most 
risk, and more safety events. The region began communicating what people 
wanted to know about safety: how they were doing at individual terminals; how 
much money was saved through safety improvements; and successes they 
achieved through goal setting. These milestones were celebrated through awards, 
social and family events, and future success was encouraged and expected. 

Communication Across Levels. Communication was improved among 
regional management, terminal management, and line employees. In the past, 
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any discussions about safety among these three groups were generally reactive 
and negative. Regional management joined in planning with the terminals and 
involved employees. They began talking about their successes, plans, and goals. 
One small but important change was the increased personal contact among man
agers, supervisors, and line employees. Special efforts were made to encourage 
contact—both organizational and casual—to facilitate communication among 
these groups. This made discussions about safety more proactive, positive, and 
participative. Finally, managers and supervisors were encouraged to thank the 
employees for their efforts and encourage their success. The increased contact 
and signs of appreciation were major milestones in improving communication 
across levels and throughout the organization. 

Nontechnical Skills Training. Early in the assessment process we noted 
that the organization was good at analyzing problems, but had difficulty imple
menting ideas; for example, they would conduct accident investigations, compile 
large amounts of facts, and come to conclusions about the causes of the accident, 
but fail to follow through with other employees. This was compounded by a dys
functional matrix structure that further inhibited communication in a hierarchi
cal, vertically differentiated organization. 

We began training supervisors and managers on skills that would enable them 
to implement the technical aspects of their job through people, not in spite of 
people. Creating a more participative, open environment allowed the company to 
get more buy-in from its workers. Employees at the terminal were trained on 
communication and teamwork skills that allowed them to implement ideas as 
teams. Drivers were given training on stress management and how to manage 
akamiso effects. Finally, driver trainers were taught to be mentors and leaders 
rather than police. Office employees, dispatchers, and plant operators were 
trained on problem solving, interaction skills, and communication. Taken to
gether, this human-centered skills training altered the culture to make it more 
receptive to participation and change. 

In addition to the training, managers and supervisors had access to outside 
coaching and counseling. External consultants were available for advising man
agers on handling difficult situations, serving as a sounding board for new ideas, 
and acting as a confidential source for employees to pass information upward in 
the organization. These activities increased the quantity and quality of communi
cation in the organization. This improved information flow increased trust and 
understanding across levels in the organization which made it easier to solve 
problems in safety and health. 

As part of a company-wide effort to give management and supervisors feed
back on their performance, the organization implemented an upward-feedback 
program in which the employees gave their perceptions about their immediate 
supervisor on survey questionnaires. This information was discussed among 
peers and fed back to the target manager in a constructive format. Similar to the 
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coaching and counseling, this process required and built communication and 
trust. These were critical components for the transformed organizational culture. 

An exercise in role clarity was conducted with supervisors and their direct re
ports. In one exercise the supervisor and subordinate described the subordinate's 
job, listed the job duties, and prioritized these job duties. Then each exchanged 
their perceptions of the job. Where there were discrepancies, both parties had to 
come to a consensus about what the activities were and/or why it was or was not 
a priority. This series of activities led to clearer performance expectations and 
improved teamwork. This role clarity was helpful in moving forward to address
ing safety concerns. Without resolving these difficulties, there is no way the 
organization can cope with new and more complex problems (Weick, 1988). 

Integrating Safety 
Recommendation. Integrate programs through strategic planning. This 

recommendation makes safety an integral part of the organization throughput 
rather than a singular and independent outcome. 

Capital Budgets. Regional management began tying capital improvements 
to safety. Purchasing new trucks and replacing poorly designed equipment were 
tied to job security and safety. These capital expenditures made a statement that 
management recognized the ergonomic problems as barriers to working safely 
and effectively. 

Personnel Issues. The organization began integrating and coordinating 
personnel and safety functions. The assessment indicated that the region's poor 
safety performance could be attributed to a few drivers. Moreover, discipline and 
personnel matters were handled too harshly, inconsistently, or not at all. One 
common strategy organizations employ is the use of a policy for the entire orga
nization to address the behavior or performance of a few individuals. Rather than 
creating new policies for these few individuals and imposing this on all employ
ees, the organization focused on feedback, coaching, counseling, and discipline. 
Once these personnel issues were addressed, safety performance improved 
markedly. Enforcing personnel policies improved driver morale by affecting 
their sense of equity and social justice (Rousseau, 1989). 

Truck Bidding. Drivers operate the same truck for one year. Naturally, all 
the drivers want to operate the newest equipment. As an incentive to operate 
newer equipment, truck bidding was tied to safety performance. Bidding on 
trucks for the year was based first on seniority and second on safety record. 
Therefore, even a senior driver could lose his position in the bidding process 
with a poor safety record. Conversely, it was possible for a less senior driver to 
improve his truck bid if he had an excellent safety performance record. This 
emphasized the importance of safety in the workplace and made it a priority. 
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Business Plans. Safety performance metrics were identified as critical suc
cess factors in the region's business plans. Safety data were translated into finan
cial data. These plans were then presented at all the driver locations throughout 
the regions. Regional management talked about the goals and how drivers, su
pervisors, mechanics, plant operators, and office staff contributed to attaining 
these goals. This briefing was done at least once a year for all terminal employ
ees. This was the first time that safety performance and feedback were tied to 
business plans and these business plans were presented to employees. 

Truck Roadeo. Drivers were allowed to showcase their skills in a regional 
truck roadeo where drivers completed a written examination, an oral interview, a 
pre-trip inspection, and demonstrated their driving skills through a prescribed 
course. The course emphasized skills required to perform the driver's job safely. 
This included: backing, offset parking, side drop spotting, maneuvering through 
a narrow space, right turns, and stop lines. This roadeo was later adopted by the 
company in a national competition. In addition to improving morale, this activity 
highlighted the drivers' skills in performing work safely and productively. Invit
ing family and friends to the regional and national events added focus on safety 
as an important part of the job. 

Career Development Sessions. Managers and line employees voluntarily 
participated in a career development session in which management openly dis
cussed career options and opportunities. Here employees were given realistic job 
information about prospects for promotion, advancement, and training. At these 
sessions, employees were made aware of the importance of safety in career ac
celeration. Tying safety to performance appraisals, career mobility, and future 
success in the company enhanced safety and injury prevention. This was particu
larly true among white-collar office staff who normally did not think of accidents 
and injuries. It also had an impact on the terminal employees and drivers inter
ested in career advancement. By tying these outcomes to injury prevention, the 
company integrated safety into the day-to-day operation of the business. 

Another career development step was to remove disincentives for people to 
take on safety responsibilities. It had been possible to take a more responsible 
safety-related position (e.g., driver instructor who conducted safety check rides 
and certified new employees) and make less money for doing so. This sent a 
mixed message about the importance of safety in the organization. It also served 
as a barrier to attracting the most skilled, effective, and respected employees 
from participating in the program. 

Providing Goals and a Vision. Safety was tied to the business plan in the 
form of goals. These goals were stated as simple, meaningful ways that employ
ees could impact the region's overall performance. Motor vehicle safety and in
juries became critical success factors (CSFs) in the region's strategic marketing 
plan. The goals were supplemented with feedback as business units approached 
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goals and exceeded these targets. Incorporating operations and operating costs 
into the sales and marketing plan recognized the total costs of doing business. A 
large part of these costs were associated with motor vehicle accidents and indus
trial injuries. 

Fostering Teamwork. Safety was traditionally viewed as the result of in
dividual efforts. The company began to focus on teamwork as a means of im
proving safety and reducing injuries. Rewards and goals focused on group as 
well as individual performance. The contributions of all the terminal employees 
were recognized. Local management emphasized how none of the jobs could be 
done safely and injury-free without cooperation and coordination as a team. Tra
ditionally, truck drivers viewed their safety performance as independent of any
one else. By rotating people in and out of jobs on a voluntary, relief basis people 
began to understand how nondriving jobs contributed to their success. Mechan
ics, maintenance staff, plant operators, and driver trainers were recognized for 
their contribution to the overall safety effort. 

Empowering People to Run a Business. In the past, safety and injury 
prevention was viewed as a top-down, management-directed process; manage
ment set the goals and employees tried their best to achieve these mandates. 
Whether these goals were met or not met had few consequences for those doing 
the work. The only reliable consequence was negative information when some
one did get injured. At the same time, terminal managers were not free to spend 
resources and money on safety projects. As in many hierarchical organizations, 
managers asked permission before acting. In short, employees were reactive 
recipients of the safety program with little discretion to address the root causes. 

A major change occurred when regional management told terminals to run 
their injury and illness prevention programs as their own business. They were 
given a budget, but not told how to allocate funds, awards, or programs. Putting 
managers and line employees in charge of their own safety program allowed 
injury reduction to become part of the business rather than a separate program. 

RESULTS 

Safety Performance Metrics 
The region made dramatic improvements in its industrial injury frequency rate, 
preventable motor vehicle frequency rate, and days away from work compared 
to the beginning of this intervention. (See Table 8.1.) The 1996 industrial injury 
frequency rate was 70% lower than the 1987 rate. The 1997 motor vehicle 
accident rate was 63% lower than the 1988 frequency rate. The motor vehicle 
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TABLE 8.1 
Industrial Injury, Preventable Motor Vehicle Accident Rates, 

and Lost Work Days by Year 

Industrial Injuries Preventable Motor Vehicle Lost Work 
Year per 200,000 Hours Accidents /Million miles" Days** 

1987 8.90 1368 
1988 5.10 4.04 369 
1989 4.10 2.79 82 
1990 3.20 2.25 113 
1991 3.50 1.64 76 
1992 3.32 2.31 156 
1993 2.91 2.33 42 
1994 2.00 — 
1995 1.50 1.90 
1996 2.50 2.50 
1997 1.50 

'Preventable motor vehicle accidents were not calculated in 1987, only 
total accidents; data for 1994 are not available. ** Because of the expansion 
of the geographic region, these absolute numbers are not meaningful 
beyond 1993. 

accident frequency rate is noteworthy because a single incident in 1987 incurred 
$2,175,000 in actual costs, and typical motor vehicle accidents involving third-
party property and injuries average $94,200 per incident. Finally, the number of 
lost work days was less than 5% of the 1987 figure. This represents $350,000 in 
direct and replacement labor costs during the first 2 years. 

Overall Operating Costs 
During the same time that these changes were made, a dramatic improvement 
was also made in reducing unit cost. The metric used to evaluate unit cost is 
cents per gallon (CPG). This is the total cost for transporting the gasoline from 
the pipeline to the customer (including terminal throughput and delivery costs) 
per gallon of gasoline delivered. The region delivers approximately 1.3 billion 
gallons of gasoline per year. Inflation adjusted CPG data for these benchmark 
years are shown in Table 8.2. 

The inflation-adjusted operating cost for 1996 is 30% lower than in 1986. The 
real magnitude of this difference ($0.0068) is substantial when multiplied by the 
volume delivered (1.3 billion gallons). While accident and injury costs make up 
only part of this overall savings, they contribute directly to the overall profitabil
ity of the operation and have been conservatively estimated to contribute to one 
third of the overall savings. 
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TABLE 8.2 
Actual and Inflation Adjusted Cents Per 

Gallon Costs for Three Benchmark Years 

Year Actual CPG Inflation Adjusted CPG* 

1986 1.91 2.30 
1990 1.75 1.75 
1996 1.62 1.62 

Inflation adjustment at 2%. 

CONCLUSION 

These results suggest that traditional interventions alone (training, awareness, 
ergonomics, technical safety programs) are insufficient to reduce injuries and ac
cidents. In this case, poor safety performance may be viewed as symptomatic of 
a larger organizational problem that happens to manifest itself in motor vehicle 
accidents and injuries. Safety must be analyzed and treated from a systems 
perspective. The traditional management response is to reintroduce similar 
programs as problems emerge. These results suggest that there are several 
dimensions that are directly affected by this macroergonomic intervention. 

Psychological Dimensions 
Human error and resulting accidents have origins in hardware (e.g., tools, equip
ment, design), software (e.g., management-based factors), and humanware. 
While traditional ergonomics is primarily concerned with hardware, it is insuffi
cient to improve total safety performance. The willingness of a human operator 
to place himself or herself in a dangerous position can be better understood in 
terms of humanware. The operator's technical skills, way of thinking, and affect 
all influence the possibility of human error. The operator's interface with the 
hardware and software is buffered by humanware factors. Whether temporary 
(e.g., anger) or more enduring (e.g., loyalty to the enterprise), these humanware 
factors influence errors and accident events. The success of the akamiso and par
ticipatory interventions suggest that the human-centered approach is a viable al
ternative for improving safety management. These approaches suggest the need 
for a broader, macroergonomic approach to improving safety performance. 

Management Dimensions 
Managers of systems need to examine their direct and indirect influences on the 
human interface incompatibility. They contribute to the interface through man-
agement-based factors and indirectly through human-based factors. Negative 
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akamiso effects are often a result of management's actions. Managers must be 
made aware of this humanware model so they can identify and eliminate risks in 
the workplace. They too must be aware of the factors that cause workers to take 
unnecessary risks intentionally. This organization's success suggests that we 
need to deal with these issues from an etiologic standpoint rather than a sympto
matic one. Management must have the courage to entertain the possibility that 
it may be part of the problem, or at least in some way contributes to it. Manage
ment must be willing to assume a certain degree of risk by committing resources 
and capital. 

Financial Dimensions 
These results demonstrate the economic effect that injury reduction and mitiga
tion can have on an organization. The savings are conservatively estimated to be 
5% of the region's annual operating budget compounded annually over the past 9 
years; currently about $1.5 million per year. This reduction is a serious economic 
incentive for organizations to consider reducing injuries and accident events. The 
sustained improvement over a number of years won recognition from the corpo
ration; the region won the Chairman's Award for sustained safety performance 
improvement over 5 years. 

As technologies become more complex, as communities become more envi
ronmentally aware, as legislation becomes more stringent, and as workers be
come more safety conscious, management needs to analyze and implement 
macrolevel changes in human factors and occupational safety. This macrolevel 
of analysis can be best achieved through a macroergonomic, systems approach. 
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BACKGROUND AND INTRODUCTION 

An Overview 
An interdisciplinary research program on "Computer Technology and Work 
Life" was initiated and led by the author at Stockholm University in 1974 and 
continued for many years. It was followed by several similar programs in 
Sweden. The author developed a theoretical framework including two theoretical 
models, one general and one in which the concepts and their interrelationships 
were specified. The models were tested empirically in three large work organiza
tions in Sweden, representing three main historical phases of computer technol
ogy. The models also were used in discussing what might be desirable goals in 
the information society. The present fifth phase, the network phase, is character
ized by a convergence of three main technologies: computer technology, 
telecommunications technology, and media technology. Information and com
munication technology (ICT) is used in almost every work activity and embed
ded in many things around us. The author proposes a superimposed theoretical 
model, entitled the convergence model, reflecting ICT and the psychosocial life 
environment—a revised version of her initial model. Finally, future research is 
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discussed with reference to the convergence model. The conclusions address 
major psychosocial processes, psychosocial life environments, and a call for 
synthesis. 

My Introduction to Macroergonomics 
During 1974 to 1988,1 initiated and led a series of projects at Stockholm Univer
sity within a research program on computerization and work life (Bradley, 
1977). It was a result of an inventory study on behalf of a large labor market or
ganization in Sweden (the Swedish Central Federation of Salaried Employees) 
that encompassed 80% of white-collar workers at that time. This research was 
presented at the Central Federation's congress in 1972 and prompted me to start 
cross-disciplinary research on the social and organizational impact of computeri
zation on work life. At an early stage, this research was presented in the United 
States at a conference arranged by the International Committee for Occupational 
Health and Safety (ICOMH) in White Plains, New York, in 1977 and later was 
published by National Institute of Occupational Safety and Health (NIOSH) 
(Bradley, 1979). Some years later, the initial findings were presented and dis
cussed at the "Quality of Work Life Conference" in Toronto 1981. On that 
occasion I met with leading scientists belonging to the sociotechnical school orig
inated by the Tavistock Institute: Fred Emery, Enid Mumford, and Lou Davies. 
One of the leading scientists in Scandinavia was the Norwegian professor Einar 
Thorsrud, who arranged for me to visit some major companies in the United 
States that made comparatively early and intensive use of computers, including 
AT&T in Newark, Procter & Gamble in Cincinnati, and the automobile industry 
in Detroit. As a result, I returned to Sweden even more convinced that the broader 
view I had undertaken regarding organizational issues and the psychosocial work 
environment, both theoretically and empirically, was appropriate and adequate. 

In 1986,1 presented my major research findings—both the social and organi
zational impact of computerization and its impact on some health aspects—at the 
first WWDU (Work With Display Units) conference in Stockholm. At that 
conference, I met with Professor Hal Hendrick of the University of Southern 
California (USC), who, shortly thereafter, invited me to chair a session at the 
Second International Ergonomics Association (IEA) International Symposium 
on Human Factors in Organizational Design and Management (ODAM-II) in 
Vancouver in 1986 (Brown & Hendrick, 1986). As a result of my participation in 
that conference, I concluded that my way of thinking and the way I was viewing 
work life were very closely related to what was entitled "macroergonomics" or 
"human factors in ODAM." This awareness led to my active participation in 
many subsequent ODAM conferences and macroergonomic tracks at both IEA 
Triennial Congresses and Human Factors and Ergonomics Society Annual Meet
ings in the United States. 
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In 1987, while a visiting scholar at Stanford University, I also met with 
researchers belonging to the "macroergonomics community" at the University of 
Southern California. In 1991, I was back at Stanford to discuss with colleagues 
and report on my research on the social and psychological aspects of applied 
artificial intelligence. I thereby initiated a new research project on competence 
development in high-tech companies in Silicon Valley in collaboration with key 
persons in macroergonomics from USC. In parallel, I designed research on 
electronic and human communication in order to apply for financial support in 
Sweden. 

In 1994, I chaired ODAM-IV, held in Stockholm (Bradley & Hendrick, 
1994). The ODAM-IV subtitle and theme, "Development, Introduction, and Use 
of New Technology—Challenges for Human Organization and Human Resource 
Development in a Changing World," was closely related to my research. 
ODAM-IV took place just before the explosive development of the Internet—in 
retrospect, it was good timing given the conference theme. It also was the first 
time colleagues from Eastern European countries were significantly represented 
at an international ODAM conference. 

Structure of This Chapter 
We are living in a time of accelerated technological development, which affects 
us all, both in our professional and private lives and in our roles as citizens. This 
is true with respect to the nature of our work, the design of our organizations, our 
communications with others, and our leadership and managerial roles. The term 
"IT" or rather, "ICT" as it is known in Europe, surrounds us progressively more 
often. Computers and computerization are other words that sometimes are used. 
For me, ICT is the combination of computer technology, telecommunications 
technology, and media. The convergence of these three creates a very powerful 
force. As used herein, IT and ICT have the same meaning. 

Within social psychology, we talk about human physiological and psycho
social needs (e.g., influence, social belonging, learning and development, 
meaningful life content, and security). When these human needs are satisfied the 
individual is involved in society, but when these needs are not fulfilled, we 
become almost "strangers." The end result is that we feel powerless, without 
norms, and meaningless. 

What, then, are the main social and organizational impacts of computerization 
and the recent merger of technologies? The first part of this chapter is devoted to 
this question, based on my research over the years, both in terms of empirical 
experiences and the theoretical models developed. 

The second part of this chapter summarizes the six areas that constitute my gen
eral conclusions: (1) the allocation issue, (2) transfer and growth of knowledge, 
power, and influence, (3) work organization and work, (4) human communication, 
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(5) stress, and (6) ICT and higher education. These formed my primary research 
areas and I have studied them during different "historical" periods of technologi
cal development—from batch systems to the current network period. 

EMPIRICAL RESEARCH 

This section focuses on the changes in organization, in work content, and in pro
fessional roles resulting from computerization in large, complex organizations. 
Various data-processing systems offer different conditions for the structure and 
design of work and organization. Three main types of data-processing systems 
were studied in the research program, Computer and Work Life (RAM). These 
three system types are related to three phases in the history of computer technol
ogy: (1) a batch-processing system at a state-owned company, (2) an online 
system with display terminals at an insurance company, and (3) a microcomputer 
system at an electronics company. Problem areas concern computerization in 
working life. Essential concepts derived from the theoretical model were used to 
study the following: (1) general questions about the work environment and work 
satisfaction, (2) information and participation in decision making, (3) organiza
tional design, work content, and workload, (4) promotional and development 
patterns, (5) contact patterns and communications, (6) salary conditions and 
working hours, (7) education and training, (8) evaluation of work roles and 
physio-ergonomic conditions, and (9) leisure time and health. 

The empirical phases included both qualitative parts with interviews and 
observations, etc., and quantitative phases. Indices were constructed for the 
quantitative part of the collection and analysis of data as follows: psychosocial 
work environment factors (16 indices), physio-ergonomic work environment 
(4 indices), democracy at work (5 indices), effects of the display/terminal infor
mation system (14 indices), effects of the personal computer system (11 indices), 
health problems at work (5 indices), health problems during leisure time (6 in
dices), the effects of work on leisure time/family life (3 indices), the weight 
attached to specific work environment factors and the general attitude towards 
work (4 indices). 

From the empirical experiences, a checklist was developed to be used in the 
evaluation of projects for implementing computer systems, or systems in use, to 
give a rapid assessment of which aspects of work and working conditions were 
to be improved and developed. The key words were specified and were comple
mented with examples of areas to be selected for analysis, design, and action. 
These measures and tools are still relevant for studies of the social impact 
of ICT. 

Theories, methods, and results from the RAM program are summarized in the 
book Computers and the Psychosocial Work Environment (Bradley, 1989), 
based on 12 RAM research reports (ISSN 0349-2015) and briefly noted in 
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this chapter together with a discussion on actions. This section also analyzes 
knowledge-based systems (KBS) in an engineering environment and the organi
zational and psychosocial aspects of KBS introduction and use—the fourth 
phase of computerization. The KBS systems formed a kind of predecessor of 
what herein is labeled as the fifth phase of computerization—the network phase. 

In the network phase, we can observe that the three main technologies, noted 
earlier, are merging. The summarizing term for this merger is IT (information 
technology) or, alternately, ICT (information and communication technology). 
My present research concerns the impact of ICT on changes in life conditions at 
work and in private life. ICT has a deep impact on our professional roles, our 
roles as citizens, and our private lives (summarized in my ongoing research 
program in Sweden, entitled "Interplay ICT—Humans—Society." 

WORK ORGANIZATION 

Background 
As noted in Chapters 1 and 3, the structure of an organization forms the frame
work for changes in individual job positions or in work tasks. The design of the 
organization is a crucial factor in the study of the relationship between data pro
cessing and the work environment, and this same organizational design can also 
be seen as a direct part of the work environment. 

Changes in the structure of the organization may be a direct objective of 
computerization. A company may want to expand some units/operations and to 
reduce others, to eliminate some levels via rationalizations, to steer and control 
others via data processing, to localize some departments or larger units within 
the company, or to decentralize the operations of the company. It also is possible 
for employees to develop data processing systems that they need on a local level, 
and for these employees to cooperate with other sections of the operation. In this 
way, increased job autonomy can be developed on a local basis. However, 
changes in the organizational structure are often indirect effects, unintentional 
effects, of the use of data processing. The organizational design already in 
existence before computerization often is strengthened according to our research. 

Use of telecommunication technology in combination with microcomputer-
based equipment of various types (for example, word-processing systems, CAD/ 
CAM systems, personal computers) created new professional roles and patterns of 
communication between individuals and vocational groups—exemplified in two 
studies on the changing roles of secretaries and engineers (Bradley, Bergstrb'm & 
Lindeberg, 1984, 1988). This results indirectly in a "new look" for the organiza-
tion's structure, both in terms of formal organizational charts and informal 
networks. Such developments should be planned carefully and be based on 
knowledge about people and organizations, and the interplay between them. 



178 BRADLEY 

What changes have taken place regarding organizational structure during the 
computerization process? Various phases in the development of technology can be 
identified. In the late 1950s and, especially, in the early and mid-1960s, the domi
nant philosophy proclaimed that data-processing power should be centralized—it 
was the golden age of the mainframe computer. This was the first phase of com
puterization. Larger and faster computers were designed with relatively large 
memory capacities, and used more for administrative applications than for scien
tific or technical applications. Data-processing departments began to proliferate. 

During the later part of the sixties, this trend was broken as minicomputers (a 
second phase) appeared on the scene. They had limited memory and calculation 
capacities, but were capable of handling numerous technical applications and 
tasks. Moreover, they were easier to install and handle than the larger all-purpose 
computers. Minicomputers increasingly resembled mainframe computers in per
formance, but were available at much lower prices. 

Then, in a third phase of this development, the microcomputer was created. 
The microcomputer became the major contribution of component technology to 
the need in the 1970s for instruments, machines, and other equipment and, later, 
the PC explosion. Microprocessors, "the heart" of the microcomputer, can be char
acterized as highly complex, but adaptable to final applications by users who pro
duce the necessary software themselves; and as very inexpensive to purchase but 
imparting a higher value and usefulness to the products in which they are placed. 

A fourth phase in computer history can be identified when applications of AI, 
expert systems, or knowledge-based systems came into broader use. AI stands 
for artificial intelligence, a branch of research in computer science that attempts 
to duplicate human intellectual processes. KBS is a system of software designed 
to assist humans in solving complex problems that require special knowledge. 
Various "experts" use different definitions for the above-mentioned concepts. 
My colleagues and I observed extensive efforts to create practical KBS applica
tions in both the industry and service sectors. 

The AI or KBS technology was a logical predecessor to the present and ongo
ing fifth phase—the network phase—characterized by the merger of three major 
technologies: computer technology, telecommunications technology, and media 
technology. Thus, we increasingly are talking about information and communi
cation technology. 

Work Organization During Four 
Computerization Phases 
In keeping with the above, the RAM project took place in four phases, each with 
a specific technology background. 

Phase 1: The first company studied, from 1974 to 1977, the Postal Giro Service, 
is an example of an organization that was exclusively using mainframe computers 
with batch processing. Below is a list of some changes in the design/structure of the 
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organization that it was possible to attribute to the computer system: (1) a decrease 
in the number of levels in the hierarchy, (2) the closing down of a special key
punching center in the organization, (3) expansion of the data-processing depart
ment, and (4) creation of a special department for correcting errors made during 
the manual handling of data. 

Phase 2: The RAM project also observed the introduction and use of display 
terminals within an insurance company (Trygg-Hansa), where both mainframe 
and microcomputers were used, from 1976 to 1980. The following changes in 
the structure of the organization were observed: (1) a tendency toward eliminat
ing a number of levels in the organization; there had been too many supervisors 
on the intermediate level—a result of numerous mergers, (2) enlargement of a 
data-processing department, especially the commissioning of a large number of 
outside consultants, (3) introduction of a special word-processing department. 
Even before the use of display terminals, the company had democratized its 
structure, including the introduction of leadership groups, etc., which facilitated 
some of the changes. Thus, a more appropriate organizational structure had been 
established before the arrival of the technology. The simultaneous introduction 
of both modern office design and display terminals resulted in the collision of 
these two different methods of rationalization. 

Phase 3: The third phase in the development of computer technology, micro-
computerization, was studied at Philips Electronic Industries from 1979 to 1985. 
The following are specific implications of the use of microcomputers: (1) the 
enormous growth potential of the organization created by "cheapness" and 
"smallness"; (2) the invisible character of "microcomputerization," as compared 
to "mainframe computerization"; (3) major opportunities for decentralization; 
(4) major opportunities for centralization, such as linkage with computer systems 
and databases; (5) opportunities for local initiatives—other strategies for imple
mentation of the technology. 

The question of centralization and decentralization is often discussed in 
connection with the impact of computerization on the design of an organization. 
In addition, it is usually dealt with as a special data-processing policy goal that 
encompasses the centralization of system development and computer operations. 
The development of both minicomputers and microcomputers laid the ground
work for decentralization at the same time that the technology makes effective 
centralized coordination possible. In integrated information systems with tele
communications technology, the opportunities for both job autonomy and cen
tralization increase. It then becomes critical to determine in which areas job 
autonomy is ideal and in which centralization is ideal (e.g., see Chapter 3 with 
respect to decision making and other sociotechnical considerations). 

Phase 4: While a guest researcher at Stanford University in 1987,1 conducted 
a pilot study that included semistructured interviews with researchers within com
puter science and the behavioral sciences, people employed in high-technology 
organizations, and people with early experience using knowledge-based systems. 
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A number of assertions and hypotheses were derived from these interviews that 
have been used as points of departure for the empirical studies. Some of these 
hypotheses were "tested" in three main Swedish companies that used KBS 
relatively early (in the aircraft industry, banking, and a computer manufacturer). 

Work Organization and Knowledge-Based 
Systems (KBS): Hypotheses 
and Some Results 

• A company that learns to develop its own KBS will find it affects the design 
of the organizational structure. However, this requires success at the time of 
its introduction. 

• The hierarchic structure of a company will diminish with the introduction 
of a KBS. When computerization takes place both from the bottom up and 
from the top down in the company, the middle level will grow. 

• Ambiguity in organizations will be more pronounced with KBS (e.g., ambi
guity related to the limits of competence of the machine and the knowledge 
and skills of human beings). 

• The concepts of power, influence, authority, and participation in the work
place must be redefined as understanding of the psychosocial aspects of 
using KBS increases. 

• A company that has a formal and rigid definition of work roles will have a 
slower rate in introducing a KBS. An unsuccessful result is more likely to 
result in a company where work roles are less flexible and more formal. 

• To be able to cope with the KBS phase of computerization, there will be a 
need for cooperative patterns, reviewed salary policies, and greater use of 
interdisciplinary and interdepartmental contacts. 

• The challenge of KBS technology is the possibility for workers to observe 
the impact of their work on the entire production process. 

• Combining KBS with traditional computers and telematics will strengthen 
a company's structure if it is characterized by networking, flexibility, and a 
flat organization. 

Cognitive issues within KBS research received the most attention. Motivational 
issues, on the other hand, were little studied but especially important. The first 
empirical findings in Sweden confirmed that successful implementation of KBS 
depends on motivational and psychosocial issues—and that the multidimension
ality of these issues will increase. Moreover, they confirmed that earlier phases 
of computerization had changed the psychosocial work environment at the lower 
levels of organizations (see the preceding section). The use of KBS also affected 
the psychosocial work environment of the well educated as well, with psychoso
cial problems becoming dominant over physical ones. 
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In the companies studied, a number of individuals gained more power under 
the KBS without formal promotion. Broader use of the KBS technique will tend 
to make power within a company invisible. Influence and power are found in 
new channels and one less tied to positions in the company hierarchy. A KBS 
influences the transfer of knowledge within a company, both directly and indi
rectly shaping the distribution of power and influence. The empirical findings on 
the organizational and social impact of KBS in the three main Swedish compa
nies are summarized in Bradley and Holm (1991). 

WORK CONTENT 

Work Content During Four 
Computerization Phases 
The rationalization philosophy that for centuries has dominated both blue- and 
white-collar work environments has resulted in a working life that can be charac
terized by rigid specialization, both vertically and laterally. Work tasks that were 
created for the lower levels have often been routine and predetermined in detail. 
But the division of labor principle applies to more than one level. A strict divi
sion between planning and operations produces an exaggerated bias in work 
tasks in both directions. 

A new rationalization aid appeared about 40 years ago, data processing, 
which was "perfect" for the process of removing those jobs and tasks that had 
been created in the Taylorian spirit. For blue-collar workers, computerization has 
meant freedom from a series of work environments that are dangerous to health, 
such as those involving lifting heavy weights, noise, and air pollution. At the 
same time, stress factors were identified. In the newly created jobs, such as the 
processing operations, psychosocial demands dominated (e.g., analytic, skills, 
attentiveness, and swiftness in decision making). 

Computerization removed routine tasks from both blue-collar and white-collar 
workers. Those who performed such work tasks increasingly work with other tasks 
involving different demands within the same company, branch, or even in entirely 
different sectors. In connection with the first step of the automation process among 
white-collar workers, a series of new and fragmented work tasks and occupations 
that are predetermined (in detail) emerged, through the application of the same un
derlying principle of rationalization. However, in the second step of automation, 
these tasks were disappearing. The long-term trend was less predictable and was 
dependant on other labor market conditions, interventions through education and 
training, and a new type of technology. Use of technically advanced and integrated 
communication and information systems implied a fundamental change in the en
tire office environment. More qualified jobs were affected, first in technical and 
business areas (design work, budgeting, production engineering, and planning). 
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Apart from research strategy, it often has been possible to attribute observed 
changes to needs that can be related to the theory of alienation, or further 
developments of such a theory. However, the discussion of work content, at an 
early stage of computerization (phases 1 and 2), began to include new dimen
sions, such as: vulnerability aspects in the organization (the possibility of mak
ing and correcting errors, interruptions in operation, and waiting times); personal 
integrity on the job; abstraction of task and knowledge; more formalization; and 
more standardization. Studies on knowledge-based systems (phase 4) constituted 
a break in the earlier trends (Bradley & Holm, 1991). New psychosocial aspects 
related to work content were identified, pointing to the present stage/phase and 
showing new, very positive changes for the individual related to work content. 
Joyful experiences and involvement in work tasks were increasing and were 
identified in the newly created jobs. 

My colleagues and I also explored various stress phenomena in workplaces 
during the first computerization phases. We pointed out that it is desirable that a 
computer system contribute to the creation of work tasks and a work situation in 
which the workers are not subjected to the woes of either over- or understimula
tion. In our various studies, we identified a risk for both over- and understimula
tion and a split in the labor force—a phenomena entitled "the digital divide." 

Whether computerization splits the workforce into highly and poorly qualified 
groups, or whether an overall decrease or increase in the level of qualification 
takes place, will (at least in countries like Sweden) depend to a certain degree on 
the role given to education and training in that society. We asked if the educa
tional system should be used to force individuals to adjust and conform, or if it 
should be used offensively, for example, to increase the individual's chances of 
gaining influence (Bradley, 1989). Some possible future directions for education 
were also presented (see section on action strategies). 

At an early stage in the debate on computerization, the pros and cons of 
people versus computers regarding their capacity to handle information were dis
cussed. People's list of characteristics, was closely linked to human intellectual 
functions, but people's entire social contact function and its emotional compo
nents also were brought to the fore. How work should be divided between 
machines and people was often discussed. A problem arises when a work task 
contains some subtasks that are more suited to people and some that are more 
suited to computers. Closer analysis of these problems calls for human factors 
knowledge to establish the boundaries when using technology—not the least for 
ethical, moral, and psychological reasons. 

When more qualified work tasks of an administrative and intellectual charac
ter were first rationalized, the impact of the new technological aids on the 
thought processes and the opportunities for developing creativity, imagination, 
and emotional commitment began to be taken into consideration. In addition, the 
language of individuals and linguistic development were discussed. Attention 
has thereby been directed toward processes and conditions that are related; for 
example, motivation, cognition, and emotion. 
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The issue of people versus information and communication technology (ICT) 
comes into focus in certain areas in our lives. During the Internet era (see 
below), ICT is being used to support, not replace, human intellectual functions 
(e.g., cognition) and support and deepen experiential qualities (e.g., emotion). 

During the fourth phase of computerization, CAD/CAM systems had become 
an essential part of the design process in some professional groups. For the first 
time, a significant impact could be noted on professional groups that previously 
had held qualified, creative, and secure jobs. CAD systems initially were highly 
mathematical and expensive which made them viable only for use on large pro
jects within giant companies. 

A special study by Bradley, Bergstrom and Lindeberg (1988) addressed the 
use of CAD technology and the role of engineers and technicians. The engineers 
were using CAD systems for designing integrated circuits (chips). They had at 
least 4 or 5 years of academic studies and were graduates in engineering. The ac
tual drafting work was done by circuit design technicians with secondary techni
cal school training followed by several months of specialization. 

The advantages of CAD included higher performance, better overview, varied 
and upgraded tasks, higher product quality, less need to check details, tidier, more 
attractive design, and greater accuracy. Our subjects quoted such subjective im
provements in their work as more influence over their work content, pace, and 
scheduling of work breaks, more responsibility, stimulation, and challenge in tasks. 

The disadvantages of CAD included physical work environment problems, 
great dependence on the computer, a tendency toward isolation from colleagues, 
and the difficulties inherent in CAD systems. They experienced such subjective 
disadvantages in working with CAD as work pace dependence on the computer 
system, the uneven pace of the work, the demand for attention and accuracy, and 
company demands for efficiency. 

Engineers replied that CAD was not suitable for creative thinking and prob
lem solving, and often maintained the mind-set that "I'm the one who must solve 
the problem." Circuit technicians, however, wanted automation as part of their 
duties. They also emphasized personal contacts with colleagues when planning 
the work, not merely contacts via computers. They felt that their work roles had 
undergone deep changes due to computerization. 

Work Content and Knowledge-Based 
Systems (KBS): Hypotheses and Results 
The following hypotheses, initially formulated in 1988, were confirmed. They 
address skills/education/training and KBS and are closely related to work con
tent. They still have a central role in the debate surrounding new technology. 

• When a company introduces KBS, wider participation occurs, involving all 
categories of professions and persons (e.g., the end-user, the domain expert, 
the knowledge engineer, and the project manager). 



184 BRADLEY 

• Six types of educational requirements will be very important throughout the 
company: learning to solve problems, plan, make decisions, work in teams 
(schoolwork is individual, while most work in the future will be team based), 
learning about women's and men's jobs, and working between cultures. 

• Skills are transferred by being driven upward and concentrated among the 
experts themselves—thus the expert use of expert systems. Skills also can 
be driven downward, enabling workers' use of expert systems. 

• Successful use of KBS requires plans for educating and retraining the work 
force, plans for job security, and alternative careers within the professions 
involved. This is valid for experts, end-users, internal knowledge engineers, 
and other workers. 

• More extensive use of KBS requires more generalists, who can create new 
syntheses. Specialization will continue, but interdisciplinary skills must be 
developed. 

Regarding work content, both the experts and the end-users are getting enhanced 
possibilities to develop new knowledge. The work competence level will in
crease for those who are responsible for updating the system. One hypothesis is 
that experts become better experts within their field and develop better capabili
ties to solve problems; end-users will increase their capability by having contin
ual access to knowledge and expertise. Both parts of the statement are verified by 
our results. 

Regarding professional roles, it was argued that different experts may have 
responsibility for different areas of knowledge, but one individual is needed who 
has overall responsibility. 

THEORETICAL MODELS 

This section presents the initial theory on computer technology and work life 
(Fig. 9.1) and one "application" of the theoretical framework that especially ad
dresses "stress" (Fig. 9.2). The convergence model (Fig. 9.3), elaborated 25 
years later, is also discussed. Finally, actions related to the initial theories are 
noted. 

A theoretical framework was developed by Bradley entitled "Computer 
Technology and Working Environment," and was published in 1977. The frame
work included two theoretical models. One model was general. In the second 
model, the concepts and their interrelationships were specified. The models were 
empirically tested in three large work organizations in Sweden. Collectively, 
these organizations represented the three main historical periods of computer 
technology—from systems with batch processing to microcomputerization. 
Studies also were undertaken in two front-line Swedish companies that introduced 



FIG. 9 .  1 . Theoretical model of computer technology and work environment 
(Bradley, 1977, 1989, 2OO1). 
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FIG. 9.2. Relationship between computer technology, work en
vironment, and stress (Bradley, 1977, 1986, 2OO1). 

applied AI (KBS)—the fourth computerization period—relatively early. The 
psychosocial work environment was considered in terms of the following 
perspectives. 

• three levels of analyses (individual, organizational, and societal) 
• objective and subjective work environments 
• interplay between levels 
• interplay between objective and subjective work environments 
• interplay between working life and private life 
• a life-cycle perspective 

The content of some of the concepts in the models may be summarized as 
follows. The objective work environment refers to areas of work that are ger
mane to large groups of employees. The subjective work environment consists of 
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perceptions and attitudes related to corresponding sets of factors in the objective 
work environment. The subjective work environment is closely linked to the 
concept of job satisfaction. The organizational structure includes the methods 
used to allocate work, the basis for decision making, and organizational aids. Or
ganizational structure is seen as an important part of the work environment. 

Psychological variables is a general term covering a number of intermediate 
psychologically relevant variables, such as the level of aspiration and the weight 
attached to specific work-environment areas. These variables are essential if 
one wishes to understand and explain the subjective work environment and 
its dynamics and, also, the perceptions of the conditions that govern our lives 
in general. Psychological variables are crucial in the analysis of subgroups of 
employees and cultural variations. 

The concept of psychosocial refers to the process involving the interaction be
tween the objective environment and the subjective one. Essential concepts 
within the psychosocial work environment include factors such as contact pat
terns and communication, organizational structure and design, work content and 
workload, participation in decision making, promotional and development pat
terns, salary conditions, and working hours. In the Anglo-Saxon use of the word, 
there is more emphasis on the individual and characteristics of the individual. 
I use the concept with the definition it is given in Sweden and in the Nordic 
countries in recent years in laws and agreements. I also refer to the theory sup
porting this definition. 

The term psychosocial work environment is used to signify the course of 
events or the process that occurs when objective factors in the environment are 
reflected in the individual's perception (either positive or negative) of work and 
conditions of work. Its essence is the interaction between the environment and 
the individual. Thus work environment factors exist at different levels—the level 
of society, the level of the company, and the level of the individual—and they in
teract with one another. But there also is a distinction between the objective and 
the subjective work environments, which also interact (Bradley, 1989). 

Objective conditions outside work refers to behavior and consumption, the 
conditions that prevail during the hours spent away from work. These may be 
affected by change related to the use of computerization at work. Certain atti
tudes, values, and experiences related to private life/leisure and family life also 
were analyzed against the background of the introduction of computer technol
ogy into the individual's work. This was in the initial phase of our research. 
Now, 25 years later, we are directly targeting the use of ICT in the home 
environment. 

The theoretical models used in the RAM program also were used as models in 
discussing what structure a computerized society should have (see the two-way 
arrows in Fig. 9.2) and in specifying desirable goals. This was done in a special 
chapter in Bradley (1989) and also in the book, Computers and Society (Bradley, 
1993). 



188 BRADLEY 

The Convergence Model: 
ICT and Life Environment 
The fifth historical period of computerization I refer to as the "network period." 
It is very much based on the convergence and integration of three main technolo
gies: computer, telecommunication, and media. ICT is increasingly being used in 
almost every activity and embedded in most of things around us. Thus, the 
graphical representations in the models need to be changed. 

Comments on the model: 

• A convergence of computer technology, telecommunication technology, 
and media is occurring. 

• Professional roles (work life), private roles (private life), and citizen's roles 
also converge. 

• Work environment and home environment are converging to become life 
environment. 

• Effects on the individual are becoming more multifaceted and complex. 
• Technology, norms and values, and the labor market interact in the global

ization process. 
• There is a new emphasis on certain dimensions in the psychosocial 

environment. 
• New dimensions are appearing in the psychosocial environment. Openness 

to unforeseen implications is required. 

Some comments are in order regarding the convergence model and informatics 
and other IT-related disciplines. A discussion about focus is taking place; both 
analysis and design need to address not only the work process and management 
of production life, but also people's life environment—moving from a work sys
tem to a life system perspective. Our roles as citizens and private persons are 
crucial. Community research in a broad sense has come to the fore with respect 
to both physical and virtual communities. Analysis and design of ICT and soci
etal systems, both at the local level and globally, are now important. The labor 
market parties in the Nordic countries used to play a role in the discussion of sys
tem development and the orientation of research in informatics and ICT-related 
disciplines, emphasizing the participatory part. A renewal of the structures and 
focus within these organizations currently is taking place in Sweden and in 
Europe. There also is a need for new and additional actors in the integration of 
ICT in society (e.g., children, elderly, and consumer organizations). 

The design perspective is broadening. Systems design, organizational design, 
and role design are increasingly accompanied by regional planning and societal 
design, and are key issues for the emerging IT-related disciplines. These design 
perspectives can be represented by convergent circles in a three-dimensional 
"circle of action." Of course, more traditional fields like architecture, industrial 



FIG. 9.3. Convergence model—ICT and psychosocial life environment 
(Bradley, 2OOO, 2OO1). 
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design, and graphic design are involved and, digital technology also interacts at 
the various levels of analysis among these professions. 

Action Strategies According to the Theory 
According to the main and initial theoretical framework (Fig. 9.1), people are af
fected by factors at the national, company/organizational, and individual levels. In
dividuals, in turn, can influence these factors. These different interaction levels 
also may feature discussion of action to be taken in computerization. What actions 
do the various players—the state, company, labor market, organizations, and indi-
viduals—undertake to achieve a balanced work system and a balanced society, to 
use the classical term from sociotechnical systems theory and macroergonomics? 

An action tree was patterned that showed the various actions undertaken in 
Sweden during the time that the RAM project was underway (Bradley, 1989, 
1993). Referring to the overview of actions on new technology and work life, the 
most challenging task was to find a balance between strategies at the different 
levels or "branches in a tree of action"—particularly between efforts at the 
national and individual levels. 

For many years, there was success from the application of the so-called 
"Swedish model" or "Scandinavian model" within the field of new technology 
and work organization. More recently, that model has been debated and succes
sively revised. These revisions are related to both the economic development in 
the country and globalization and the so-called "new economy." 

The RAM project contributed an awareness of the various interacting factors of 
computerization, with special focus on the changes in the organizational and psy
chosocial work environment related to the use of computer technology. The term 
psychosocial was built into the Swedish Work Environment Act in which there 
also are certain paragraphs covering the introduction and use of technology. Laws 
cannot easily be changed—even if political change has taken place. Hence the psy
chosocial work environment issue, which primarily was driven by trade unions and 
their central federations, later come to be driven from the employers' side and, 
moreover, in a more decentralized way. In recent years, there has been a focus on 
technology—to keep up with the technological armament race worldwide. 

At the same time, one can see that a deep interest in this broader type of re
search and related action strategies is increasingly coming from informatics, 
computer science, other computer professionals, and people involved in organi
zational change. Visions about desirable workplaces and societies are a focus of 
many conferences, including the International Conferences on Information 
Systems (ICIS) and the corresponding European (ECIS) and Asian (PACIS) 
conferences. It would be desirable in the future to bring the ergonomic people 
and the IT-people together in a common place for dialogue and mutual support. 
In this dialogue human computer interaction (HCI) and computer human interac
tion (CHI) societies are essential partners. 
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SUMMARY OF ICT AND CHANGES 
IN WORK LIFE 

I will cover six areas in my summary of the impact of ICT on work life: (1) the 
allocation issue, (2) transfer and growth of knowledge/power and influence, 
(3) work organization and work content, (4) human communication, (5) stress, 
and (6) ICT and higher education. They all relate to my main research areas and 
I have studied them during the different "historical" periods in the technological 
development of computerization. 

The Allocation Issue and ICT Have 
Come to the Fore 
Twenty-five years ago, at a time when ICT was entitled EDP (electronic data pro
cessing), I used to close my speeches by arguing that computerization is really an 
issue of allocation. It has very much to do with allocating the so-called "good life." 

• Allocation of (1) work and leisure time, (2) citizens' services (paid/unpaid), 
and (3) production and reproduction 

• Allocation between cities and rural areas 
• Allocation of profit between (1) sectors within a country, (2) industrialized 

countries, and (3) industrialized countries and the third world 

Both physical power/strength (muscular) and "thought power" are being re
placed. However, the amount of human life that is devoted to work—what we 
today entitle work—does not seem to have diminished. We have achieved a 
subdivision that has created one group that is overworked and one group that is 
excluded from the workforce. This is not necessary. More and more people could 
have access to a good life. The allocation question and ICT is per se an important 
research area. Furthermore, ICT can support the "weak" in society—those peo
ple who have various kinds of linguistic, physical, or intellectual handicaps. 
There is a need for contributions from all humans (Hirst & Thompson, 1996). 

Transfer/Growth of Knowledge 
and Influence 
What we call "knowledge transfer" is an important phenomenon in the present 
and future knowledge society. This is valid for knowledge transfer between 
urban and rural areas, Sweden and Europe, and the center and the periphery, as 
well as globally. 

The technology now used to transfer knowledge to people earlier was available 
only to experts, and access to knowledge has strengthened people—both in their 
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professional roles, and their roles as citizens. Learning, in itself, is changing. We 
now can be coworkers and colleagues when shaping new knowledge. Distance 
education is becoming more and more common. The teacher's role and the stu-
dent's role are also changing, and we are learning more and more together. 

Hence, ICT involves a transfer of power connected with knowledge. A de
composition of the traditional hierarchical structure is occurring. There is an 
embryo for renewal. Long distance work, distance education, and long-distance 
services already provide new prerequisites for the role of regions (Bradley & 
Bradley, 1998). 

An old lace cloth is, to my mind, the best model for how the world might 
work—what social systems, organizations, and official authorities will look like 
in the future. I think of a lace that was actually crocheted by my grandmother. 
The network era has arrived and seems to be here to stay. It is possible to crochet 
all the time; each new loop is connected to another through the same yarn. The 
distribution of power is now possible in a profound sense. Competence is trans
ferred to the periphery, down to the line. 

Work Content and Work Organization 
Are Changing in Depth 
During the industrial era, which was characterized by automation of work tasks, 
research showed an increased alienation: Workers felt estranged from their work 
tasks and the results of their work, as well as in their personal relations. Work 
primarily was a source for earning money. During the early periods of computer
ization, however, new phenomena in work life arose (e.g., vulnerability and 
threat to personal integrity) and development of more abstract and formalized 
work tasks were focused in research on work life environment and in the discus
sion of the new technology. 

What is happening now with work content and work organization? We have 
achieved more flexible work processes regarding both the professional role itself 
and leadership. Further, the professional role, the learning role, and the role of 
citizen are becoming more and more integrated. Repetitive jobs and physically 
strenuous jobs, including routine work, are beginning to vanish and a total up
grading of qualifications is occurring. In parallel, the organization is becoming 
flattened. The type of organizational structure that has become progressively 
more common is networks. From an international perspective, more work tasks 
are becoming similar because software programs are sold worldwide and the 
work tasks are carried out in a similar way. 

The hierarchical structures of companies mirrored industrialization and indus
trial technology during the mainframe period of the computerization era. What 
characteristics does the network organization have and how are people affected 
by this new structure? Some examples include: (1) direct communication 
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between the various levels of the organization, (2) barriers between idea and 
execution are disappearing, (3) reallocation of power in the organization, (4) con
tinuous changing of structure and roles, and (5) openness to the surrounding world. 

How Does the Workforce in the Flexible 
Company Function? 

At the center there is a core workforce of permanent, full-time employees 
who enjoy a wide range of employment rights and benefits; however, the core 
workforce is decreasing. The other, increasing part, is called the peripheral 
workforce (Barnatt, 1997). This consists of part-time staff, self-employed con
sultants, subcontracted and outsourced workers, and temporary and agency em
ployees. Some of these "knowledge workers" are key resources, while others are 
exchangeable. Through the network organizational structure, they might have 
very strong positions in the company because of their expertise or social contact, 
although this is invisible. Power is invisible in these new forms of organizations. 
Power has no outward manifestation and is not reflected to the same extent as be
fore in properties and gadgets linked to leadership. One common trait is, how
ever, that the peripheral workers are so-called free agents: They take care of their 
own security, skills development, and personal marketing. They are very loosely, 
if at all, tied into the welfare system. They are strong when health and good 
times are present, but are in a high-risk situation if health and family problems 
sap their energy and motivation. 

Hence, we find increasingly organic organizational structures with a focus on 
flexible work processes, including dynamic networks for capital and human re
sources (compare the network organizations above). Economic systems are 
being created in which the present boundaries are increasingly eroded. Advanced 
ICT support is used for various forms of collaboration. More and more individu
als function as self-governing company units. 

ICT Has an Impact on the Social Contact 
and Communication Between People 
There is a change occurring in the structure and quantity of the contacts and 
collaboration between people in work life, in private life (e.g., in homes), and in 
the community as a whole. Electronic networks, electronic subcultures, and elec
tronic communities are emerging in work and private life with various functions. 

If technology is used in a proper way, it can give us more time for human 
contacts. Unfortunately, in many cases, it has produced the opposite effect. 
Many people are working at a computer screen the whole day and only interact
ing with the computer—they do not meet with living human beings. The dia
logue between people is running the risk of getting thinner. However, a new 
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world is opening when we think in terms of the virtual company, the virtual 
classroom, and the virtual living room. It seems like these new opportunities pro
vide us with an insight into the value of meeting in person—its importance for 
listening, for trust, and emotional support and safety. It is important that human 
emotional development can find its place. Sometimes people can hide behind the 
computer screen to avoid conflicts, or avoid difficult meetings with other per
sons. There are experiences that, in the long run, can contribute to personal 
growth and development. Children and young persons may lose an important 
time in their identity development if they are exposed too early and too intensely 
to electronic communication. 

However, the feeling of belonging when meeting in person can be facilitated 
and ennobled with the support of electronic communication. Electronic meetings 
also can be deepened by follow-up contacts in the form of face-to-face meetings. 
This ought to be an important goal. "Electronic solitude," that is structural loneli
ness forced on a person, and which exists today, has to be prevented in the ICT 
society, or at least combated and counteracted. 

We now have new collaborative structures—and possibilities for a deepening 
of democracy as well as international understanding. Today there are real prereq
uisites for peace. 

Communication between people with an increased use of ICT makes it clear 
to us that communication has different purposes: a knowledge function, a social 
function, a control function and, not least, an expressive function. Qualitative as
pects of communication (e.g., trust, confidence, interest, listening, and emotional 
engagement) are now essential. New dimensions in the quality of communica
tion will occur. 

With ICT Our Tempo Is Increasing: 
A Stress Factor 
Our perception of time and space is changing. New opportunities for flexible 
work (telework), to work and learn independent of location, have changed our 
perception of space. Our requirements for ourselves regarding pace and tempo 
are becoming higher all the time—there is a change in the level of expectations 
(aspiration). An adaptation to the machine occurs. The pace of the machine 
affects us in an unconscious way. The words "slowly" and "fast" have new 
meanings. The same is true for the words "close" and "far away." 

There is a basic level of stress in our technological environments in large 
cities. It used to be entitled "technostress," a phenomenon on the societal level. 
Technostress is an accelerated tempo which, to a large extent, is a consequence of 
effectiveness and efficiency. Perhaps technology fits better into a societal struc
ture on the macro level where small scale, closeness to the environment, to nature, 
to the woods, lakes, and the sea, exists. One could talk about overstimulation, 
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often in the big cities, and understimulation, often in rural areas, as promoting 
stress. This could be balanced. 

Certain ICT stress is related to the fact that we have an increased dependency 
on computers, electronic networks, and on the equipment functioning reliably and 
properly. With the Internet, we have a super network that dominates electronic 
communication in business and private life. This dependency is accentuated when 
there is a demand for access to information. Stress phenomena in the Internet 
world are information overload, contact overload, demand for availability, lack of 
organizational filters, hard to separate "noise" from essentials, changing level of 
expectations, and changed perception of time and space in general. 

The phenomenon called ICT stress can be characterized by too much or too 
little of various things, such as workload, information, contact with people, flexi
bility, opportunities for development, and training (Bradley & Robertson, 1991). 
Perhaps we could even revise plans and develop a "society of moderation." 

ICT Has a Deep Impact on Learning 
and Education 
What are the important competencies (capacities) that we will need in the 
future? My colleagues and I have studied both environments where ICT is being 
developed—the Silicon Valley in California and the corresponding area in 
Sweden, Kista, which is close to Stockholm—and environments where ICT is 
used extensively. In all of these environments, the following seem to be needed: 
(1) leadership rather than management, (2) creativity, (3) problem-solving 
capacity, (4) social competence and communication skills (human to human) 
(5) computer competency, (6) ability to work and function in multicultural envi
ronments, and (7) ability to cope with stress and psychological strain. 

During the last two years, I have attended many conferences dealing with 
stress and ICT. What strikes me is the prevailing resignation: The focus is not 
primarily on preventing stress in the workplace, but rather, how to cope with the 
stress that we necessarily have to live with. This is a challenge for research. 
Some of my computer science students have started to become stress re-
searchers—focusing on the preventive aspect. What can technology do? How 
can society contribute? What actions can be undertaken in both the close and 
more remote environment? 

Jacques Delors' report, Learning—The Treasure Within (UNESCO), brings 
forward four pillars of education that I think are very central for all learning in 
the future: 

• Learning to know (for knowing) 
• Learning to do: (1) from skill to competence, (2) from intellectual to behav

ioral skills, and (3) innovation and creativity in a local context 
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• Learning to live to together: (1) discovering others and (2) working towards 
common objectives 

• Learning to be. 

IMPORTANT RESEARCH

AREAS FOR THE FUTURE


The theoretical models illustrate a view of working life and its processes. 
However, there is a risk that the same phenomena that occurs in working life in 
general—the fragmentation of knowledge—will also occur in the field of 
data-processing research and research into the consequences of computerization. 
Integration is easily lost, and it becomes increasingly difficult to gain an 
overview of research results in terms of computer technology and various combi
nations of new technology. Parts of the reality can be separated out and de
scribed in great detail—effects can be shown—but the force of these effects in 
the interplay with other parts and "fragments" is often uncertain. Atomization 
versus the holistic approach has always been one of the dilemmas of research, 
but becomes a more serious consideration in some disciplines—particularly 
when theories about humans are applied and there is a need for interdisciplinary 
approaches. 

Focus on Psychosocial Life Environment/Quality 
of Life and Well Being 

I think that when we have been embedded in a society deeply and broadly af
fected by the new technology, it might be harder to identify both the risks and 
opportunities. A new generation has grown up in the digital environment. There 
are reasons today to go back to classics in research. There are no more work en
vironments in the traditional sense—they are dissolving; but the phenomena 
identified in work life research (where Scandinavia was very active for many 
years) have to be reviewed with a new perspective. How are human needs for in
fluence, belonging, and meaning being met in the new structures? In the develop
ment of "the home of the future," there is a growing market for all kinds of ICT 
applications—services and equipment. We need to analyze and design "the good 
home" (Bradley, Andersson & Bradley, 2000). 

Some examples of desirable research focusing on the individual are: How is 
ICT changing our identity and self-perception, social competence, creativity, 
integrity, and trust? How is ICT changing: 

• Being connected and not being connected 
• Things and services 
• Balance between emotional and rational components 
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• Balance between female and male 
• Involvement and alienation 
• Individual and collective. 

Focus on Some Major Psychosocial Processes 
as Policy Statements 

One way to summarize the discussion on the IT society and the individual is 
to address psychosocial processes. They could be formulated as policy state
ments or viewed as research questions. By now there are reasons to start up 
normative research that, later on, could be discussed across wider cultures. It 
concerns the classic question: Is research value-free? 

• Integration or isolation: Normatively, ICT should contribute to an enrich
ment in social contact between people and should be used to prevent social 
isolation and facilitate integration. 

• Autonomy or control: ICT should contribute to greater autonomy for the 
individual. Control or freedom is a classic issue, often described in terms of 
"privacy-integrity." 

• Overstimulation or understimulation: ICT should facilitate information 
access for all and support individual learning, but at the same time prohibit 
various kinds of overload (e.g., information overload, contact overload). 

• Dehumaniiation or humanization: ICT should contribute to the deepening 
and development of true human qualities and be used to provide time for 
people to develop themselves as human beings. 

• E-conflicts (wars) or E-cooperation (peace): E-conflicts must be avoided. 
E-co-operation and peace are major concerns. 

Focus on Synthesis 

We need to focus on syntheses. Again I think there is a need for normative re
search in the next step where we place human welfare and quality of life for all 
as crucial societal goals. 

Some main areas for research would be to study ICT and various cultures, 
ICT and democratic processes, and ICT and leadership—on a governmental 
level as well as in work organizations and schools, analyses of life styles and val
ues, and new organizational models of work and life in general. ICT itself serves 
as a tool for both quantitative and qualitative analyses. 

Research program/projects during the last few years in which I was 
directly involved are: (1) interactive creative environments (2) networking— 
organizational and psychosocial communication, (3) towards a global learning 
space, (4) the home of the future, societal and psychosocial challenges, and 
(5) ICT—comparisons between a rural community and a suburban community. 
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CONCLUDING REMARKS


In the summer of 2000,1 was honored to serve as one of the keynote speakers at 
the IEA/HFES Triennial Congress in San Diego (Bradley, 2000). I closed my 
speech by using some animations with seeds and sunflowers. My comments 
were as follows: 

New applications of information and communication technology are like seeds. 
They pop up all the time. Some of them will not survive and cannot grow. Others 
will stay and grow to beautiful plants and flowers. This is true for those applications 
that fulfill human needs and requirements: Influence on one's own life conditions 
and society, social belonging, a meaningful life content, learning and developing 
oneself. We will hopefully have a field of flowers that will broaden and deepen 
quality of life for all. 

As I pointed out at the beginning of this chapter, the perspective in my re
search is very similar to Chapter 1, "An Overview of Macroergonomics", even if 
the language is somewhat different. Using my initial theory and the convergence 
model as a basis for analysis, the integrated design criteria in macroergonomics 
are most helpful in the design, not only of our workplaces, but also for our 
homes which are becoming centers for a lot of activities related to the profes
sional role and the citizen's role, in addition to the private role—a pronounced 
communication sphere. Hence, in the design of the ICT society the following 
macroergonomic design criteria have a key role: 

• Joint design: Human or personnel subsystems are considered jointly with 
the technological subsystems, with a built-in process of participation and 
influence by people. 

• Humanized approach: The starting point in design should be people and 
humans needs, capabilities, competencies. Later, various allocation issues 
can be considered. 

• Integration of the organization's sociotechnical characteristics into the 
design: A continuous evaluation process must be done at various levels of 
analysis (organization, individual, societal) as a basis for integrating the 
crucial psychosocial factors into the design—to lead towards well being 
and quality of life for all, or a balanced society. 
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Macroergonomics

of Hazard Management


Thomas J. Smith 
University of Minnesota 

INTRODUCTION 

The control of hazards by biological systems to avoid danger and secure survival 
is as old as life itself. Emergence of organized systems of work, more lethal 
weapons, and increasingly complex technology has prompted human apprecia
tion of hazard control as a key to safety, security, and productivity. This suggests 
that management of hazards should represent an integral aspect of macro-
ergonomics. Nevertheless, the recognition of safety as a legitimate management 
function is relatively recent, emerging in the United States gradually only over 
the past five decades or so. Further, there is by no means a consensus within the 
safety community regarding what it is about safety that should be managed. 
Indeed, "loss control," "accident prevention," and "safety" itself are cited far 
more often than hazards as the proper management focus. 

Accordingly, this chapter first provides definitions, scope, rationale, and back
ground for a macroergonomics of hazard management (HM). Subsequent sec
tions introduce a behavioral cybernetic model of HM, and go on to address 
macroergonomic keys to HM embodied in the model. 
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Definitions and Scope 
In this chapter, the terms safety management and safety program refer to any 
organizational function or program with a general focus on safety and accident 
prevention, whereas the term hazard management refers to a safety program 
with a specific focus on detecting, evaluating, and abating hazards. Hazard 
refers, in a general sense, to any work design factor that elevates the risk of detri
mental performance by a worker (employee or manager) or an organizational 
system. Macroergonomic refers to the organizational design and management 
(ODAM) characteristics of a safety or HM function, program, or system. Safely 
performance, in a broad sense, refers to the integrated performance of all organi
zational and individual entities whose activities affect safety. 

Heinrich (1959, Appendices I and II) and Montgomery (1956) provide a 
chronology and historical background of the safety movement, from the classical 
to the modern era. Pope (1990) provides an extensive set of safety definitions. 
Safety refers to freedom/security from danger, injury, or damage. Hazard is de
rived from Old French and Middle English terms of the same spelling referring 
to games of chance—the term thus connotes chance or risk. 

Even today, the meaning of the term safety is not uniformly understood 
within the safety community and elsewhere. Pope (1990) asserts that the term 
lacks absolute definition and is not acceptable for precise administrative lan
guage. Petersen (1971, p. 26) suggests that "safety is not a resource: it is not an 
influence: it is not a procedure: and it is certainly not a 'program.' Rather, safety 
is a state of mind, an atmosphere that must become an integral part of each and 
every procedure that the company has." Zaidel (1991), with reference to driving 
safety, suggests that, "safety . .  . represents behaviors, situations, or conditions 
that. . . are associated with either higher or lower probability of accidents." 

The latter definition invokes a long-standing and cherished assumption in the 
safety field that the primary concern of safety is dealing with accidents. Indeed, 
the first text of the modern era on occupational safety is entitled, The Prevention 
of Accidents (Calder, 1899). Webster's definition of "accident" is instructive: 
"an event that takes place without one's foresight or expectation; an event which 
proceeds from an unknown cause, or is an unusual effect of a known cause, and 
therefore not expected; chance." In a similar vein, Pope (1990, p. 107) offers a 
series of definitions of the term, all of which refer to the unexpected, unplanned, 
and uncontrolled nature of accidents. 

Some in the safety community observe that given their unpredictable and 
uncontrollable nature, a focus on accidents is incompatible with a philosophy of 
safety management. Guarnieri (1992) notes that the word accident has almost 
disappeared from safety science and engineering use. 

The safety field is huge with an extensive literature; Pope (1990, pp. 71-75) 
cites some 163 texts and monographs relevant to the field published since 1899, 
over half published since 1975. The primary purpose of this chapter therefore 
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is to develop and address major themes, concepts, principles, and practical 
considerations relevant to the macroergonomics of managing hazards. The 
primary focus will be on occupational safety at the organizational and workplace 
levels, with an emphasis on U.S. experience. Chapter 16 deals with the macro-
ergonomics of major disasters. 

Rationale and Background 
Accidents by their very nature are inherently unmanageable. Safety management 
has emerged as a major focus of the safety field. However, the imprecise meaning 
of safety leaves unclear what it is precisely that is being managed. Connotations 
of the term loss control may go beyond safety-related loss, and hazard control 
arguably represents an essential prerequisite for loss control. 

The term hazard management avoids these shortcomings. According to 
Webster, the term management refers to, "the executive function of planning, 
organizing, coordinating, directing, controlling and supervising." Hazards repre
sent concrete, recognizable entities whose existence can be characterized and 
quantified. With adequate data, informed judgments and predictions can be made 
about possible outcomes associated with the prevalence and persistence of 
particular hazards. Reduction in risk associated with hazard modification or elimi
nation thus can be estimated. In other words, hazard conditions represent a highly 
eligible target for management. Moreover, reference to other chapters in this text 
suggests that HM represents a prominent target of macroergonomics generally. 

Today, hazard control appears to represent the prevailing focus of the safety 
management profession. Grimaldi and Simonds (1989, p. 16) illustrate this point: 

it seems clear that the pursuit of safety must be pointed toward the identification of 
hazards, determination of their significance, evaluation of the available correctives, 
and selection of the optimal remedies. When this path is followed, it ends with the 
control of unwanted events at an irreducible minimum. "Accidents" in this case are 
not the target. Instead, it is the hazard that causes the unwanted harmful event, 
which is to be eliminated. This is the primary concern of safety management. 

Recognition of safety as a legitimate management function and target for 
macroergonomic analysis is relatively recent. An early statement of this viewpoint 
is that of Agricola (1912) in 1556, who notes in a discussion of mine accidents that, 
"often, indeed, the negligence of the foreman is to blame." More recently, a broad 
consensus has emerged in the safety community. According to the compilation of 
Pope (1990, pp. 71-75), from 1956 through 1990 a total of 18 texts and mono
graphs with the term safety management in the title were published. The National 
Safety Management Society was founded by Creswell and Pope in 1966 (Pope, 
1990, p. 56). Support for the management approach to safety is provided by 
Borowka (1986, 1988), Creswell (1988), Cutter and Wilkenson (1959), DeJoy 
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(1994), Marcum (1984), Miller (1982), Morris (1984), Nuernberger (1956), Pope 
(1981), Pope and Cresswell (1965), Veltri (1991), and Wangler (1986). 

One consequence of the emergence of the concept of safety as a management 
function is an increased emphasis on management responsibility for safety prob
lems. Indeed, some advocates of safety management assume that any and every 
safety problem represents a management defect. The first principle of loss con
trol cited by Petersen (1971, p. 19) illustrates this point of view: "an unsafe act, 
an unsafe condition, an accident: all these are symptoms of something wrong in 
the management system." This perspective provides a strong rationale for the 
application of macroergonomic principles and practices to improve the design of 
safety management systems. 

What kind of hazards are we referring to as the object of HM? An ongoing de
bate in the safety community contrasts the role of hazardous conditions versus un
safe behavior in accident causation. This debate originates with Heinrich (1931, 
1959), who in the later publication argues that 88% of 75,000 industrial accident 
cases reviewed were attributable to what he calls "unsafe acts of persons." The 
prevailing view is that accidents have multiple, complex causes related to both 
physical-environmental hazards and behavioral variability (Petersen, 1971). 

The rationale for the present chapter rests in part on this debate because the 
prominent focus of ergonomics is on design variability, as opposed to behavioral 
variability. The model in the next section presents a behavioral cybernetic per
spective on multiple causation theory, in which safety performance of the orga
nizational system is viewed as a process of interaction between the human and 
design elements of the system, and hazards are viewed as manifestations of flaws 
in workplace design subject to organizational management and control. 

More specifically, the nature of risk associated with hazards can be under
stood from a human factors and safety performance perspective with the central 
concept that across many different categories and forms, a hazard represents a 
job or workplace factor that gives rise to a fundamental mismatch between 
worker behavior and workplace conditions (K.U. Smith, 1973). 

K.U. Smith is one of the pioneers in adoption and development of HM as 
a human factors-based systems theory and process for safety improvement 
(K.U. Smith, 1975a, 1975b, 1979, 1988, 1990). With a series of HM projects 
and programs in the Behavioral Cybernetics Laboratory at the University of 
Wisconsin-Madison, Smith elaborated the theory, principles, and applications 
of HM in the 1960s and 1970s as an early macroergonomic formulation of 
worker-management participation and union-executive cooperation in operational 
management of safety and production efficiency in the workplace. The HM initia
tives of Smith are among the first specific instances in management science in 
which macroergonomic principles were applied to safety management of complex 
systems. As such, they can rightly be viewed as early pioneering efforts in organi
zational macroergonomics generally and safety macroergonomics particularly. 
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BEHAVIORAL CYBERNETIC MODEL 
OF HAZARD MANAGEMENT 

The term ergonomics refers to the natural laws (nomos} of work (erg) (Konz, 
1995, p. 12). In the ergonomics/human factors (E/HF) community, broad agree
ment has emerged that such "laws" refer to design factors, conditions, or strate
gies that accommodate human capabilities and limitations, and that E/HF science 
is intimately linked to design (Chapanis, 1991; Meister, 1989). 

Given the fundamental focus of the field on design, it may be argued that the 
basic premise underlying E/HF science is that variability in the behavioral 
outcomes of human performance and work—such as safety, health, quality, pro
ductivity, or user acceptance—is critically influenced by design attributes of the 
environment in which performance occurs (T.J. Smith, 1993, 1994, 1998, 1999; 
T.J. Smith, Henning & Smith, 1994). This premise forms the basis for the HM 
model presented in this section, which assumes a closed-loop or cybernetic rela
tionship between workplace design conditions (including hazards) and safety 
performance of organizational systems (behavior) to account for differences 
observed in the safety record of different systems in different contexts. 

This model is based on behavioral cybernetic theory (K.U. Smith, 1972; 
K.U. Smith & Smith, 1962; T.J. Smith & Smith, 1987), which maintains that 
human behavior is guided as a closed-loop, feedback-controlled process. A major 
implication of this theory is that to a substantial degree, variability in the control 
system (behavior) should be referenced to variability in what is being controlled 
(sensory feedback). The cybernetic model of behavior thus establishes a biologi
cal basis for the interdependence of performance and design, supported by an 
extensive body of empirical evidence (Flach & Hancock, 1992; Meister, 1989; 
T.J. Smith, 1993, 1994, 1998; T.J. Smith, Henning & Smith, 1994). 

Figure 10.1 applies behavioral cybernetic concepts to the particular case of 
HM. Elements of the hazard control system specified in the shaded region of the 
figure are: (1) a hazard detection system (the sensor), which provides a means of 
monitoring sensory feedback from workplace hazards (input); (2) a safety report
ing system (the controller), which provides a means of referencing actual with 
desired safety performance; (3) actual safety performance (output) of the organi
zational system (effector); and (4) system safety performance targets and goals 
(the reference). The model assumes that effective management control of safety 
is mediated by comparison of feedback from actual system safety performance 
with safety performance targets and goals. Error between actual and desired 
performance is used to guide management decision making directed at tightening 
system control over workplace hazards (hazard feedback control), thereby reduc
ing system performance error and improving accident and injury prevention. 
Many years ago, Juran (1964) introduced a similar servomechanism model to 
characterize the management of system quality. 



FIG. 10.1. Closed-loop control model of hazard management, with ergonomic 
analysis and intervention specified as keys to breakthrough in system 
performance in a feedforward control manner. 
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It is the area of desired performance—safety goals and standards—that distin
guishes the macroergonomics of HM as a matter of particular complexity in both 
the design and the operation of the organizational system. This is because of the 
number of players with a direct, vested interest in influencing workplace safety 
goals. In addition to managers, the workforce, and customers, these also include 
insurance companies, government regulators, and labor unions. By comparison, 
the latter three parties typically are less immediately involved in setting targets 
for such organizational performance attributes as quality or productivity. 

One of the implications of the model in Fig. 10.1 is that it points to a role for 
ergonomics in facilitating breakthrough in safety performance. The key to main
taining and sustaining performance of a system at any given level is the opera
tion of system control, defined by Juran (1995, p. 1) as "staying on course, 
adherence to standard, prevention of change." As he points out (Juran, 1995), 
"under complete control, nothing would change—we would be in a static, quies
cent world." However, Juran (1995, p. 3) goes on to observe that: "control can be 
a cruel hoax, a built-in procedure for avoiding progress—we can become so pre
occupied with meeting targets that we fail to challenge the target itself—this 
brings us to a consideration of breakthrough." 

Juran (1995, p. 3) defines managerial breakthrough as "change, a dynamic, de
cisive movement to new, higher levels of performance." The model in Fig. 10.1 
conceives of breakthrough as a closed-loop process involving feedforward rather 
than feedback (i.e., servomechanism) control (T.J. Smith, 1999). Feedforward 
control is ubiquitous among biological systems. It enables them to rely on sensory 
feedback from present conditions to project their behavior into the future. 

Similarly, the impetus for breakthrough in organizational performance is some 
feedback indicator suggesting that the current level of performance is no longer ade
quate. This prompts the system to initiate breakthrough by feedforward projecting 
its behavior into the future to achieve a new, improved performance level. It is 
likely that often, if not always, the root cause of inadequate performance at any 
given level is some sort of design flaw, either in microergonomic design of the work 
process or environment, or in macroergonomic design of the organizational system, 
or both. In the safety field, these design flaws are termed hazards (Fig. 10.1). 

This is where ergonomics comes into play. As denoted by the system control 
elements outside the shaded region in Fig. 10.1, ergonomic analysis can be used 
to detect system hazards. Ergonomic intervention then can be used to abate 
hazards and improve system design in order to facilitate the breakthrough 
process. Application of ergonomics can thus serve as a key breakthrough strat
egy by means of which the system elevates its safety performance from one 
control level to the next. In this manner, the organizational design incorporates 
ergonomic systems provisions for alteration of the safety goals themselves to 
deal with altered circumstances (new regulations, new technology, etc.). 

The basic premise in Fig. 10.1 is that an occupational ergonomics program 
meets this requisite system design need for initiating and managing breakthrough. 
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Methods of ergonomics analysis are admirably tailored for hazard assessment; 
results of this analysis therefore can serve as early warning sentinels for the need 
for initiating a breakthrough process. Once design problems have been identified, 
methods of ergonomics intervention then are admirably suited for contributing 
to problem resolution, through microergonomic improvement in system design 
features, including hazard abatement, macroergonomics improvement in organi
zational design features, and alteration or refinement of safety targets and goals. 

A second implication of the model in Fig. 10.1 is that variability in safety 
performance of the organizational system should be prominently influenced by 
design characteristics of the particular set of hazards at which the HM process is 
directed. In other words, the model predicts context specificity in organizational 
HM performance analogous to that observed with individual performance 
(TJ. Smith, 1993, 1998; T.J. Smith, Henning & Smith, 1994). This in turn sug
gests that there should be no "magic bullet" or completely generalized scheme 
for macroergonomic design of HM systems. Rather, the design of each HM 
system must be customized and specialized in relation to the particular mix of 
hazards being addressed. Moreover, as or when the design of the hazard environ
ment is modified (through abatement of existing hazards, introduction of new 
ones, or both), it may be necessary to in turn modify the macroergonomic design 
of the HM system itself to deal most effectively with the new hazard mix. 

MACROERGONOMIC KEYS

TO HAZARD MANAGEMENT


The remainder of this chapter is devoted to a discussion of various macro-
ergonomic strategies whose adoption might support breakthrough in HM success 
specified in the figure. Rather than reviewing widely accepted safety management 
strategies (Grimaldi & Simonds, 1989; Heinrich, 1959; Petersen, 1971; Pope, 
1990), the emphasis is on innovative macroergonomic approaches to safety that 
may not be generally familiar to the safety community, yet whose benefits have 
been reasonably well documented and whose effects on safety therefore should 
synergistically complement those of more widely recognized strategies. 

Organizational "Best Practices" 
for Safety Management 
One obvious source of inspiration for HM breakthrough is the safety management 
practices of companies with commendable safety records. Cohen (1977) and 
MJ. Smith and colleagues (1978) have investigated factors and characteristics 
that differentiate highly successful from less successful occupational safety 
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programs. Both studies found that relative to high accident rate companies and 
sites, low accident rate companies and sites are distinguished by the following 
ODAM approaches to safety (the order does not represent an importance ranking). 

1. Greater management concern and involvement in safety matters, reflected 
in regular inclusion of safety issues in plant meeting agendas, and rou
tine, personal inspections of work areas by top plant officials. 

2. Greater management skill in managing both material and human 
resources. 

3. Full-time safety director who reports to top management. 
4. Greater emphasis on hazard control, with tidier work areas, more orderly 

plant operations, better ventilation and lighting, and lower noise levels. 
5. More open, informal communication between workers and management, 

with frequent contacts between workers and supervisors on safety and 
other matters. 

6. More stable workforce, with older, more experienced workers, and less 
absenteeism and turnover. 

1. Well-defined employee selection, placement, and job advancement 
procedures. 

8. More flexibility in discipline for safety violations, such as safety counsel
ing in addition to suspensions and dismissals. 

9. Greater availability of recreational facilities for worker use during off-job 
hours. 

10. Greater effort to involve worker families in safety campaigns. 
11. Frequent use of safety incentives and promotions. 
12. Frequent use of accident investigations and formal accident reporting 

systems. 
13. Formal safety training for employees and supervisors. 

Both studies conclude that management commitment to safety is the most 
critical key to HM success, and also report that customary use of conventional 
safety practices, such as safety promotion, safety training, and accident investi
gations (Points 11-13), did not differentiate as strongly between low versus high 
accident rate companies. 

In its emphasis on the link between safety performance and management of 
the organizational system, and on the importance of hazard control, the model in 
Fig. 10.1 is aligned with findings cited above. More broadly, the significance of 
macroergonomics to success in safety and HM is supported by the following 
conclusion of Cohen (1977, p. 177). 

Overall, this review would suggest that the more distinguishable elements of 
successful safety performance rest largely on psychological or human factor consid
erations. Management commitment, aspects of interpersonal communications and 
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interaction, early safety indoctrination and follow-up training, workforce stability, 
and personnel development and support programs all fall in the psychological do
main. While not belittling the importance of engineering approaches to accident pre
vention, the evidence here would argue for increased emphasis on nonengineering 
measures. 

M.J. Smith and Beringer (1987) echo this theme in advocating four basic 
E/HF approaches that can be used to control workplace hazards: (1) applying 
ergonomic principles to the design of workplaces and jobs in order to provide 
work situations and environments that capitalize on worker skills and capabili
ties; (2) designing organizational structures that encourage safe working behav
iors; (3) training workers in hazard recognition and in employing effective work 
behaviors for dealing with these hazards; and (4) improving safe work behavior 
through work practices improvement. 

Worker Self-Regulation 
of Hazard Management 
Probably no component of the safety system modeled in Fig. 10.1 has received 
greater attention than that of hazard detection and monitoring. As noted earlier, 
understanding in the safety community of what a hazard is has been dominated 
by the thinking of Heinrich (1931, 1959), who focuses on unsafe acts (behavioral 
hazards) and unsafe conditions (physical hazards) as the hazard categories of 
greatest concern. 

A fundamental problem with the characterization of accident and injury risk 
in terms of behavioral and physical-environmental hazards is that HM strategies 
directed at abating these hazards do not reliably and predictably result in acci
dent and injury prevention. For example, Jones in 1973 documented the limita
tions of dependence on engineering controls and related enforcement measures 
in bringing down occupational injury rates to acceptable levels. Gill and Martin 
(1976) echo this finding with the claim that the engineering approach to safety 
management is not sufficient to prevent all accidents, and that innovative hazard 
control strategies such as performance standards and worker participation should 
be considered to achieve further improvement in accident prevention. M.J. Smith 
and colleagues (1971) and Gottlieb and Coleman (1977) report that inspections 
carried out by OSHA are relatively ineffective in preventing accidents because 
most hazards cannot be identified by traditional workplace inspections. Results 
from these and other studies suggest that, in general, only 5 to 25% of accidents 
can be avoided by rigorous compliance with conventional safety standards (Ellis, 
1975; K.U. Smith, 1979). OSHA itself has noted that, "OSHA's own statistics 
appear to indicate that 70-80% of all deaths and injuries each year are not attrib
utable to a violation of any OSHA specification standard" (Occupational Safety 
and Health Reporter, 1976, p. 684). 
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These considerations suggest that along with physical and behavioral hazards, 
there is an entire additional domain of hazards related to macroergonomic design 
defects in the management of safety. The analyses of Cohen (1977), Ellis (1975), 
and M.J. Smith and colleagues (1978) suggest that in terms of their adverse 
impact on safety, this class of hazards may be more significant than either behav
ioral or physical-environmental hazards. This perspective has prompted the de
velopment and testing of a range of macroergonomic strategies that emphasize 
the role of workers in self-regulating their interaction with workplace hazards 
and with the occupational safety system. Various aspects of this topic have been 
reviewed by Cohen, Smith, and Anger (1979), Coleman and Sauter (1978), 
K.U. Smith (1979, 1988, 1990), M.J. Smith (1994), M.J. Smith and Beringer 
(1987), and T.J. Smith, Lockhart, and Smith (1983). 

The concept of worker self-regulation of HM is based on the premise that 
compared with managers and safety professionals, workers often know as much 
or more about their jobs, about job-related hazards that they encounter on a daily 
basis, and about how to reduce or eliminate those hazards. Four macroergonomic 
strategies based on this premise, three of which explicitly involve the participa
tory approach (Chapter 2), are summarized in sections below: (1) the worker 
hazard survey; (2) measures that encourage worker self-protection against work
place hazards; (3) worker involvement in safety program decision making; and 
(4) ergonomic intervention to improve HM. 

Worker Hazard Survey 
The purpose of the worker hazard survey, developed by K.U. Smith and col
leagues (K.U. Smith, 1979, 1988, 1994; M.J. Smith, 1994; M.J. Smith & 
Beringer, 1987; T.J. Smith, Lockhart & Smith, 1983), is to obtain information 
from workers about the identity and control of job-related hazards. The survey 
therefore represents one alternative for the hazard detection and monitoring stage 
of HM, as depicted in the model in Fig. 10.1. Survey information is acquired 
through short interviews conducted by unbiased interviewers. 

The major purpose of the worker hazard survey is to discover what workers 
know about job hazards, and to establish what knowledge, skills, techniques, and 
actions workers employ in detecting and controlling hazards. To this end, an 
interview with a worker should focus on: (1) identification of job hazards per
ceived by the worker, itemized in order of severity; (2) worker rating of each 
hazard (high, moderate, or low risk for causing accident or injury); (3) methods 
used by worker to detect and control identified hazards; (4) worker recommenda
tions for reducing or eliminating hazards; (5) worker ideas and recommendations 
for improving performance skills required to control identified hazards; and 
(6) description of near, minor, or major accidents associated with identified 
hazards. 
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Figure 10.2 illustrates a worker hazard survey form developed for this 
purpose (Kaplan, Knutson & Coleman, 1976). M.J. Smith and Beringer (1987, 
Fig. 7.1.5, p. 779) illustrate an alternative form developed for the State of 
Wisconsin Department of Industry, Labor and Human Relations. 

The worker hazard survey process can be used as a base, or foundation, for 
introducing an entire HM program. In particular, once worker hazard survey 
information has been collected, a series of organizational follow-up steps are 
recommended (K.U. Smith, 1979, 1988, 1994) to develop and establish a defined 
HM program. These are summarized in Fig. 10.3 in flowchart form. 

WORKER HAZARD SURVEY FORM 

Organization Division Department 

Job Shift Interviewer 

Date Telephone Fax 

List of hazards in order of severity. For Description of specific tool, Description of techniques/methods/ 
each hazard, describe specific job physical machine or equipment, procedures used for detecting, 
operation (related to situation, tool, work station, and/or interface monitoring and controlling the hazard 
equipment, materials, process, or associated with hazard. specified. 
organizational factor) associated with 
hazard. 

1 . (most severe) 

2. 

3. 

4. 

5. 

1. 

9. 

10. 

Description of prior accidents with this job associated with any specific operations and hazards listed above: 

FIG. 1O.2. Worker hazard survey form. 



10. MACROERGONOMICS OF HAZARD MANAGEMENT 21 1


Hazard Management Benefits 
of Worker Hazard Survey 

That workers can recognize hazards, and have knowledge and skill in self-
controlling them to improve safety performance, represents the fundamental 
premise of the worker hazard survey. This premise has been tested, with positive 
results, in a series of cross-industry studies conducted within the conceptual 
framework of the University of Wisconsin HM program (Cleveland, 1976; 
Coleman & Sauter, 1978; Coleman & Smith, 1976; Gottlieb, 1976; Kaplan & 
Coleman, 1976; Kaplan, Knutson & Colemen, 1976; Richardson, 1973; 
M.J. Smith, 1994). 

FIG. 1O.3. Process flowchart for installation of a hazard 
management program. 
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Generally, the worker hazard survey results reveal that employees are one of 
the best sources of information about day-to-day hazards of their jobs. Major 
conclusions supported by this work can be summarized as follows: 

Workers generally identify hazards that most directly affect their personal 
safety. Unsafe conditions and operating procedures often are specified, but it is 
not uncommon for possibly hazardous actions or behaviors to be candidly cited. 

Worker-identified hazards largely comprise those of immediate self-concern. 
Whereas government standards are specification-based, tending to focus on 
physical-environmental hazards, workers tend to identify a broader range of 
hazards, often related to job performance, to dynamic operational circumstances, 
and/or to intermittent or transitory work situations or conditions, for which no 
physical standards or standard operating procedures exist. Hazards of this type 
are termed operational hazards (K.U. Smith, 1979, 1988, 1994). 

Based on worker hazard survey results from six Wisconsin metal processing 
plants (Cleveland, 1976; Coleman & Sauter, 1978), employee-identified hazards 
bear a significantly closer resemblance to actual causes of accidents than do 
those designated by government specification standards or state inspections. 

Experience with the worker hazard survey method suggests that for every 100 
hazards reported by employees, 1 is very serious and should be addressed imme
diately, 24 require prompt attention to avert a potential accident, 50 represent 
less serious hazards that may require some minor action to improve working 
conditions, and 25 relate not to safety but to personal employee complaints 
(M.J. Smith & Beringer, 1987). 

Experience with the worker hazard survey approach in the public sector was 
not uniformly successful (Richardson, 1973). Follow-up by management to deal 
with identified hazards appeared to represent the key to success in public agen
cies; in agencies in which management failed to take action and to provide safety 
feedback to employees, the hazard identification programs failed due to lack of 
employee involvement (M.J. Smith, 1994). 

Workers typically can clearly delineate their actions in avoiding, reducing, or 
controlling hazards. Workers tend to identify health hazards in terms of their acute 
toxic effects, rather than their long-term potential for causing illness or disease. 
There is substantial awareness of engineering defects in ventilation or personal 
protection that may cause increased risk of toxic exposure. 

Employers cooperating in worker hazard surveys generally conclude that: 
(1) employees can provide more and better information about job hazards than 
other available sources; (2) workers often identify hazards that management is 
totally unaware of; (3) survey results are of value in establishing priorities for 
safety and HM procedures; (4) the surveys do not tend to disrupt work; and 
(5) employee awareness of hazards typically increases following a survey. 

These worker hazard survey results support the conclusion that workers repre
sent a relatively untapped resource for hazard control. A few others in the safety 
community have reached this same conclusion. Swain (1974) refers to workers as 
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subject-matter experts on their work situations, whose input to management can 
serve as a key contributor to safety performance. He notes that worker hazard data 
represent a rare but effective source of information about near accidents and 
potentially unsafe situations. Hammer (1972, 1976) likewise presents evidence 
showing that workers have high awareness of job-related hazards and that asking 
them directly represents the best way of obtaining this information. Both authors 
note marked discrepancies between worker-provided hazard data versus that pro
vided by more conventional specialist reports and postaccident investigations. 

Worker Self-Protection Against Workplace Hazards 

Given findings cited above that workers readily can identify and evaluate risk 
associated with workplace hazards, it seems logical to suggest that macro-
ergonomic initiatives directed at encouraging more effective behavioral strategies 
on the part of workers in interacting with and controlling hazards might also 
yield safety benefits. Results from a number of such initiatives, variously termed 
worker self-protection or behavioral safety programs and built primarily around 
provision of safety performance feedback, training, and safety incentives, 
support this assumption. Worker self-protection programs therefore represent a 
viable option for the hazard feedback control stage of HM, as depicted in the 
model in Fig. 10.1. 

A conceptual analysis by Cohen, Smith, and Anger (1979) of strategies that 
promote worker self-protective behaviors targets use of safety training, incen
tives contingent on worker safety performance, "selling" and "telling" safety 
communication, and tangible expressions of management commitment to safety. 

These recommendations are supported by the review by McAfee and Winn 
(1989) of a series of 24 field studies, dating from 1971 to 1987, that examined 
use of safety incentives and/or safety performance feedback to enhance work
place safety. The major finding was that every study reviewed, bar none, found 
that use of safety incentives and/or feedback enhanced workplace safety and/or 
reduced accidents, at least in the short term. However, the analysis revealed that 
not all safety-related behaviors improved in every study, suggesting that there 
are limitations to the use of safety incentives and feedback for enhancing worker 
self-protective behavior. 

Because studies reviewed by McAfee and Winn (1989) employed different 
types of safety incentives and/or feedback in different combinations, accompa
nied in some cases by safety training, the authors could not address the relative 
effectiveness of different behavioral safety strategies in promoting worker self-
protective behaviors. In an attempt to address this shortcoming, Ray, Bishop, and 
Wang (1997) conducted a safety study in a General Motors automobile parts plant 
which comprised: (1) two groups of experienced workers (experimental and con
trol) performing similar operations; (2) introduction of a behavioral safety pro
gram to the experimental group; and (3) no intervention for control group. Results 
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from the study indicate that safety performance: (1) does not improve with train
ing alone; (2) improves significantly when training is accompanied by feedback; 
and (3) improves even more when feedback is accompanied by goal setting. 

Participation by Workers in Hazard Management 
Decision Making 

The thesis that workers should be actively involved in the process of making 
decisions about matters governing their own safety in the workplace is an im
plicit feature of the closed-loop model of HM in Fig. 10.1. Evidence cited above 
demonstrates that workers have capabilities for both recognizing sensory feed
back from hazards and developing behavioral proficiency in hazard feedback 
control. From a cybernetic perspective (Juran, 1964; T.J. Smith & Smith, 1987), 
therefore, it is unlikely that safety will be effectively served by a process that 
confines safety-related decisions exclusively to management, with no opportu
nity for worker input. As Viaene (1980, cited in Bryce, 1981, p. 1) puts it, "one 
of the most important trends that has emerged from the recent reforms is that of 
the transfer of power and responsibility on an ever-growing scale to those who 
are, fundamentally, the people who have to face these hazards." 

Bryce (1981) and the U.S. Department of Labor (1989) note that the joint 
labor-management occupational safety and health committee represents one of 
the most effective avenues for worker influence over safety decision making. 
Generally speaking, these committees (to varying degrees in different countries) 
are aimed at advancing the right of the worker to: (1) participate in occupational 
safety and health programs and in setting safety guidelines and standards; 
(2) have access to job-related safety and health information and relevant training; 
and (3) refuse to participate in unsafe work and to avoid penalty if this right is 
exercised (LaBar, 1990). The U.S. Department of Labor survey (1989) notes that 
there are thousands of such committees in the United States (most established 
after passage of the 1970 OSHA Act), and describes six case studies that docu
ment the relative success of these committees in achieving labor-management 
cooperation in dealing with safety problems. 

Ergonomic Intervention to Improve 
Hazard Management 

One of the premises of the model in Fig. 10.1 is that ergonomic analysis and 
intervention can support breakthrough improvement in system safety by allowing 
the system to project the trajectory of its safety performance into the future, in a 
feedforward manner, through use of ergonomic analysis to identify and evaluate 
workplace and system hazards, followed by ergonomic intervention to abate 
targeted hazards. Behavioral cybernetic theory assumes that variability in safety 
performance should be influenced by the design of the performance environment 
with which the performing system interacts, just as is observed with individual and 
organizational performance generally (T.J. Smith, 1993, 1994, 1998; T.J. Smith, 
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Henning & Smith, 1994). Ergonomic intervention strategies aimed at improving 
work design deficits therefore should beneficially impact variability in safety 
performance in a manner that complements and extends the impact of traditional 
safety programs. Various lines of evidence support this viewpoint. 

While other chapters deal extensively with various facets of macroergonomic 
intervention, this section will confine itself to evidence pertaining to the impact 
of ergonomic intervention on safety and HM. Cohen and colleagues (1997, 
pp. 114-18) review 24 ergonomic intervention studies reported since 1979, all of 
which were directed at reducing the incidence of musculoskeletal injuries and 
discomfort through implementation of microergonomic or macroergonomic 
redesign strategies. Tangible improvement in various measures of safety perfor
mance was cited in every study. 

In a similar but somewhat more objective vein, Westgaard and Winkel (1997) 
review findings from 92 ergonomic intervention studies published between 1969 
and 1995, all directed at improving musculoskeletal health. The studies are cate
gorized into interventions to reduce musculoskeletal injuries using one of three 
strategies: (1) redesign of workstations, work methods, tasks, jobs, or work places 
to reduce exposure to mechanical hazards; (2) redesign of production systems, 
often with a dual aim of increasing productivity, and frequently involving partici
patory ergonomics; and (3) training/treatment methods, encompassing physio
therapy, health education, exercise, relaxation training, work technique training, 
or combinations thereof. Seventy-four of the 92 studies reviewed report reduction 
of musculoskeletal injuries and/or discomfort attributable to the intervention. 

Possibly the most persuasive evidence regarding the distinctive benefits that 
ergonomic intervention can bring to improving safety performance is that pro
vided by Guastello (1993). He reviews findings from studies of 48 different in
tervention programs, each of which employed one of eight different intervention 
strategies for accident prevention: personnel selection, poster campaign, exer-
cise/stress management, safety audit system, quality circles, technological inter
vention, behavior modification (safety training, incentives, goal setting), and 
comprehensive ergonomic programs. The latter were most effective in accident 
reduction (51.6% average reduction in accidents), subsequently confirmed in a 
follow-up study of Shannon and Guastello (1997). 

Synergistic Effects of Hazard 
Management and Quality Management 
on Safety Performance 
A variety of observations suggest that successful safety and quality management 
(QM) programs share a number of parallel macroergonomic design features 
(T.J. Smith, 1999; T.J. Smith & Larson, 1991). These include management com
mitment to the program, employee participation in program decision making, de
fined methods for tracking program performance, and a closed-loop management 
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control system (as in Fig. 10.1) that links program input (e.g., hazards, quality 
defects) to program performance (e.g., hazard control, quality control). Social 
cybernetic theory (T.J. Smith, 1990; TJ. Smith, Henning & Smith, 1994, 1995; 
TJ. Smith & Larson, 1991; TJ. Smith & Smith, 1987) suggests that if design 
features of different interacting operational programs in an organizational system 
are closely comparable, we may anticipate effective social tracking and mutual 
performance synergism between them. 

Evidence from both conceptual analyses and field experience can be cited 
to support these hypotheses. Salazar (1989), Krause (1993), and Millar (1993) ad
vocate the application of principles of QM to improve safety system performance. 
Winn (1994) points out that acceptance of QM principles has encountered skepti
cism and resistance in the safety community, but that nevertheless there is evi
dence that application of the QM approach affects safety positively. Companies 
that report positive safety performance benefits from adoption of QM principles 
in safety management include Unocal Chemical and Minerals Division (Minter, 
1991), Inco Manitoba Division (Scott, 1991), PPG Glass Group (Durbin, 1993), 
and Georgia Gulfs Delaware City operation (DiPiero, Davis & Krause, 1993). 

T.J. Smith (TJ. Smith, 1999; TJ. Smith & Larson, 1991) reports similar 
experience for a manufacturer of floor finishing equipment. Over 15 years after the 
company had implemented a progressive safety program that included elements of 
management commitment, safety performance tracking, and employee involve
ment, a QM program was introduced. Over the ensuing 10 years, performance in 
both quality and safety improved virtually in lockstep with one another, such that 
improvement in the latter was highly correlated with improvement in the former. 

A plausible explanation for observations of synergism between safety and 
quality performance is that individual responsibility for careful workmanship in 
producing defect-free products and in participating in quality program decision 
making, embodied in the QM approach, naturally carries over to working safely 
and to participating in HM. The more general behavioral cybernetic interpreta
tion is that emphasis placed on employee involvement in both programs intro
duces intimate behavioral feedback links between the safety and the quality of 
work performance that leads inevitably to the pattern of program interaction 
observed. The linchpin of both quality and safety is worker performance, and 
management commitment to support and encourage self-responsibility in the 
effective execution of work can be expected to benefit results in both areas. 

CONCLUSIONS 

A detached look at occupational safety today encounters a field replete with 
uncertainty, a situation that seems not to have changed much throughout the 
modern era. For example, over 20 years ago Ellis (1975) surveyed the efficacy 
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of five alternative approaches to occupational accident and injury prevention: 
(1) inspection for compliance with government safety standards; (2) employee 
safety training; (3) accident statistics feedback; (4) management-sponsored 
safety programs; and (5) economic incentives, including workers' compensation 
(WC). Conclusions reached are that: (1) sound evidence supporting the safety 
effectiveness of inspections is lacking; (2) complete abatement of all hazards 
identified by inspection would prevent only about one fourth of all occupational 
injuries; (3) evidence regarding the safety benefits of training is mixed; (4) safety 
benefits of accident statistics feedback is uncertain; (5) accident and injury 
prevention outcomes of safety management programs are consistently positive, 
despite a diversity of approaches; and (6) no solid evidence exists that WC yields 
safety benefits. Point 5 supports the macroergonomic approach to HM. 

Many other observations and lines of evidence support the pattern of incon
sistency and contradiction inherent in the findings of Ellis (1975); for example, 
there have been dramatic improvements in workplace safety over the course of 
the century, yet job-related accidents and injuries, particularly of the muscu
loskeletal variety, continue to extract a formidable personal and financial toll. 
There is widespread agreement that safety should be treated as an integral 
management function. Yet the philosophy of safety engineering, pioneered by 
Heinrich almost 70 years ago, continues to dominate the field (Pope, 1990). 
A key premise of this philosophy, the unsafe acts/unsafe conditions model of 
accident causation, has attracted both praise (Heinrich, 1956) and criticism 
(Blake, 1943, 1956; Petersen, 1971). Engineering controls are emphasized as a 
key factor in the success of both ergonomic intervention and safety programs 
(Cohen et al., 1997; M.J. Smith & Beringer, 1987), yet various observers 
conclude that engineering controls, in and of themselves, do not dramatically 
improve safety performance (Cohen, 1977; Gill & Martin, 1976; Jones, 1973). 
Behavioral modification through safety incentive programs (promotions, slogans, 
and/or performance feedback), as a key strategy for improving safety perfor
mance, encounters praise (Bruening, 1989, 1990a; Kendall, 1986, 1987; Krause, 
Hidley & Hodson, 1990; McAfee & Winn, 1989; Moretz, 1988; Topf & Preston, 
1991), conditional support (LaBar, 1989), or skepticism (Bruening, 1990b; 
Kohn, 1993); an objective survey of the efficacy of various accident prevention 
strategies shows a mixed record for different behavioral modification approaches 
(Guastello, 1993; Shannon & Guastello, 1997). Safety training is lauded as a 
key to effective safety performance (Cohen, 1977; Reid, 1987; M.J. Smith & 
Beringer, 1987; M.J. Smith et al., 1978), despite evidence showing that training 
does not compare favorably with other macroergonomic strategies for safety im
provement (Ray, Bishop & Wang, 1997). It's enough to make dedicated safety 
professionals tear their hair. 

From a behavioral cybernetic perspective, these contradictions and inconsisten
cies are strongly suggestive that safety performance, like individual, social, and or
ganizational performance (T.J. Smith, 1998; T.J. Smith, Henning & Smith, 1994, 
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1995), is context specific (section 2), specialized in relation to design features of 
particular work environments. That is, variability in safety performance of differ
ent operations should be prominently influenced by distinctive design contexts of 
their physical, operational, and organizational environments. Interventions directed 
at altering the design of the work environment and/or the work system for purposes 
of hazard abatement thus should differentially affect safety performance of differ
ent operations in different ways. This is exactly what is observed. 

Section 3 discusses a series of macroergonomic strategies that are likely to 
benefit safety performance: best practices analysis, worker hazard survey, behav
ioral safety analysis, participatory HM, ergonomic intervention, and integrating 
QM with HM. Although evidence points to the safety benefits of each of these 
strategies, not all have achieved widespread adoption. The analysis of HM of
fered here supports the following macroergonomic recommendations for safety 
program design and management that offer potential for bringing about tangible 
gains in occupational hazard abatement, safety performance, and accident and 
injury loss control. 

1. Manage safety hazards, not safety behaviors. Behavior is self-controlled, 
not directly susceptible to outside manipulation. However, variability in behav
ioral performance is strongly influenced by design factors in the performance en
vironment. Given the closed-loop coupling of design and performance, redesign 
of the workplace through macroergonomic intervention to abate hazards is 
highly likely to yield safety benefits by reducing unwanted variability in safety 
behavior. 

2. Close the loop between hazard analysis and hazard control. The most 
effective system of hazard assessment is of little use if not accompanied by an 
equally effective system of hazard control, which rests in turn on management 
commitment to safety. 

3. Validate program content and effectiveness. The effectiveness of hazard 
control is predicated on the validity of the HM program, demonstrated by face, 
criterion, and economic validation procedures plus program reliability assess
ment. Traditional approaches to validation of a safety program tend to focus 
largely, if not exclusively, on standard measures of safety performance, such as 
accident and injury statistics. However, no entirely satisfactory approach to 
safety performance assessment currently exists (Grimaldi, 1970; Grimaldi & 
Simonds, 1989, Chap. 7). This consideration supports the following recommen
dations: (1) consider a multidimensional approach to program validation; 
(2) criterion validation of the program should focus on hazard control efforts, be
cause both identification and abatement of hazards can be objectively assessed, 
and the beneficial impact of hazard abatement on safety performance is well 
documented; (3) to satisfy regulatory reality, high priority organizational need, 
and acceptance by both managers and workers, criterion validation of safety 
performance itself should focus on standard lost time incidence measures of 
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performance, with an emphasis on the elimination of severe events (Grimaldi, 
1970; Grimaldi & Simonds, 1989, Chap. 7); and (4) pursue research to develop 
feasible, meaningful, and acceptable measures of safety performance. 

4. Adopt a systems perspective on hazards. From a systems perspective, 
occupational hazards represent incidents or conditions that exist or arise through 
the variable, sometimes transitory, and typically synergistic convergence of 
organizational, behavioral, operational, and physical-environmental factors spe
cific to particular tasks, job operations, and sociotechnical systems. The com
plexity of this interaction mocks simplistic attempts to pigeonhole hazards into a 
limited number of categories (e.g., physical versus behavioral), defeats efforts to 
attribute occupational accidents, injuries, and safety problems to one type of haz
ard or another, and stymies abatement strategies based on dissective assumptions 
about hazards. In today's workplace, operational hazards cause the most acci
dents and injuries. Typically, these are not addressed by government standards, 
are not detected by outside inspectors, and are not abated by remedial ap
proaches prompted by standardized accident and injury investigations. Further, 
operational hazards are context specific to particular tasks, jobs, and operations. 
From the standpoint of both organizational and personal self-interest, therefore, 
guided by dictates of the Pareto principle (Juran, 1964, 1995), the HM program 
should focus on operational hazards as a major priority for hazard control. 

5. Exploit parallels between proficiency in safety performance and motor 
performance. Safety performance by workers in the workplace represents, in 
essence, a manifestation of motor behavioral performance. Skill in safety perfor
mance therefore rests, in large part, on acquisition of motor skill. From the motor 
behavioral literature, we know that there are three fundamental keys to the acqui
sition of motor skill (Schmidt & Lee, 1998): provision of feedback, repetition, 
and patterning of movement. We know from the safety literature that provision 
of safety performance feedback, worker experience (repetition), and safety training 
(patterning) benefit safety, although findings regarding training are mixed 
(Cohen, 1977; Ellis, 1975; Guastello, 1993; McAfee & Winn, 1989; Shannon & 
Guastello, 1997; M.J. Smith & Beringer, 1987; M.J. Smith et al., 1978). These 
parallels are not accidental. Macroergonomic strategies that promote the acquisi
tion of motor behavioral skill in safety performance may be deemed a key pre
requisite for a successful HM program. 

6. Utilize workers as a resource. As noted earlier, front line workers: (1) are 
acutely aware of hazards that directly threaten their health and well being; 
(2) can recognize a broad array of operational hazards that standards and inspec
tions do not address; (3) can devise methods for abating these hazards; and 
(4) can beneficially participate in safety decision making. Utilization of workers 
as an integral contributor to HM represents a macroergonomic strategy whose 
widespread adoption is long overdue. 

7. Integrate ergonomics into HM. Among different options for HM, ergo
nomic programs have proven effectiveness for the identification, evaluation, and 
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abatement of operational hazards, particularly those associated with risk of 
musculoskeletal injury. 

8. Integrate safety with production. A number of arguments can be advanced 
for this recommendation, advocated by a number of observers (Petersen, 1971; 
Schlueter, 1965; TJ. Smith & Smith, 1983). First, it unifies, rather than playing 
off, the mission of the production system with that of the safety system. Second, 
evidence shows that it is cost effective, by reducing both production and safety 
costs. Finally, if quality management has been incorporated into the production 
system, there is likely to be a synergistic and beneficial influence on performance 
of the safety system (TJ. Smith, 1997, 1999; TJ. Smith & Larson, 1991). 

9. Consider performance standards. For dealing with operational hazards 
that are not adequately addressed by specification standards, performance stan
dards (K.U. Smith, 1973) offer a complementary approach that may benefit HM. 
A further advantage is that safety performance can be made a defined perfor
mance criterion for both employees and managers. 

10. Adopt a no-fault philosophy. From the systems perspective of a hazard as 
comprising a complex and variable interaction between a design flaw (hazard) 
and worker or organizational behavior, it makes little sense to attempt to assign 
blame for a particular incident to one system component or another. Neverthe
less, blame-mongering continues to plague the safety field—pervasive use of 
"human error" as code for "operator error" represents a prime example. Con
versely, the term "systems error" implies that the performance-design system 
as a whole is at fault. Various lines of evidence indicate that negligence-based 
WC or inspection-based approaches to safety are of marginal effectiveness in 
improving safety performance. These considerations suggest that a no-fault 
approach to safety performance appraisal (K.U. Smith, 1973; TJ. Smith & 
Smith, 1983) may benefit HM. Operationally, what this means is that hazard 
abatement should pursue the dual approach of design improvement coupled with 
macroergonomic interventions to improve proficiency in safety performance. 

11. Aim for continuous improvement. Humans are imperfect control systems. 
Human behavior always has been and always will be highly individualistic, and 
somewhat variable and unpredictable. Safety behavior is not immune from these 
biological realities. Therefore, achieving perfection in safety performance (Pope, 
1990) represents a naive and unattainable goal. A more realistic and attainable 
objective is to strive for continuous improvement in safety performance 
(DiPiero, Davis & Krause, 1993; Salazar, 1989). This philosophy has paid well-
substantiated dividends in the arena of quality management and quality perfor
mance (Deming, 1986). There is every reason to believe that safety performance 
will benefit from a similar approach. 

12. Eschew safety nostrums and quick fixes. All evidence suggests that 
variability in safety performance, like that observed in individual performance 
and other domains of organizational performance, is highly specialized in rela
tion to distinctive physical, organizational, and operational design characteristics 
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of different organizations and operations. From this perspective, one operation's 
strategy for safety salvation may not necessarily generalize to other operations. 
For effective HM of a particular operation, the key is to target those macroer
gonomic strategies that are likely to positively influence safety performance of 
that operation, to implement those strategies in an evolutionary rather than revo
lutionary manner, to track their effectiveness (Point 3 above), and to modify and 
redesign the approach if necessary in an iterative manner. Usability testing 
(Point 13) offers a model for this kind of process. 

13. Consider usability testing as a model for fine-tuning safety performance. 
The process of usability testing first was widely employed in the computer indus
try (Gould, 1990), based on recognition that user acceptance of new technological 
designs could not necessarily be predicted in advance. The process is iterative— 
user acceptance of a new design first is assessed, and the design iterated based on 
user feedback until an acceptable level of acceptance is achieved. This process 
appears to offer lessons for the safety field. Effects of new macroergonomic HM 
design strategies on safety performance may not be entirely predictable. Perfor
mance consequences and user acceptance therefore both should be assessed, and 
HM strategic designs iterated until acceptable levels of both performance and 
acceptance are achieved. 

14. New technology—new hazards—new hazard management demands. 
MJ. Smith (1994) notes that emergence of new technology has introduced a new 
constellation of hazards which pose new challenges for HM. For example, rising 
complaints of work-related musculoskeletal disorders have been attributed to the 
growth of video display terminal work (Bammer, 1987; Hendrick, 1994b). Thus, 
as with business generally, the only constant in the safety field is change. Work
ers and safety managers alike must be constantly alert to the possibility of new 
hazards associated with new technology, and must be prepared to consider new 
macroergonomic strategies for managing these hazards. 
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INTRODUCTION 

Contemporary enterprises apply information-based technology to automate dif
ferent aspects of design, planning, and operation of manufacturing systems in
cluding, for example, engineering, production planning and control, management 
of human resources, marketing, purchasing, and finance. All these functions must 
also be integrated to improve competitive advantage in view of changing market 
requirements. This is because effectiveness of such systems depends on abilities 
of the people to compensate for the limitations of technology. Therefore, organi
zational and related human issues, which are the focus of the macroergonomic 
discipline, are critical to the success of technology, which is greatly dependent 
on the nontechnical characteristics of a corporation. As discussed by the Manu
facturing Studies Board (1986a), achieving the full benefits of information-based 
manufacturing requires interrelated changes in many areas of human resource 
practices, including: plant culture; organization; job design; compensation and 
appraisal; selection, training, and education; and labor-management relations. 
Other studies on the fusion of manufacturing systems and information technolo
gies in Europe (Brodner, 1987) also concluded that organization is the key 
element of success, which should be valued and appreciated at a level equal to 
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information technology; for example, human resource utilization is considered 
essential for assuring efficient manufacturing and high quality products under 
conditions of market uncertainty (Jaikumar, 1986; Kember & Murray, 1988; 
Majchrzak, 1988; Wall, Clegg & Kemp, 1987). 

Manufacturing companies are continually exposed to changing market de
mands, rapid progress in technology, evolving legal provisions, and concurrent 
social changes. These demands produce complex and dynamic changes in the busi
ness environment, and greatly influence the requirements for organization and 
management of human work. Because contemporary manufacturing facilities are 
social, technological, and informational systems, a vision for integrating people, 
organization, technology, and information systems has recently gained significant 
attention (Corbett, 1988; Goldman, Nagel & Preiss, 1995; Karwowski & Salvendy, 
1994; Kidd, 1994; Majchrzak, 1988, 1995; Wall et al., 1987). The design of 
enabling information technologies often focuses on the system's organizational 
architecture in order to enhance human communication and to support cooperative 
work between people (Savage, 1991). Under this framework, people are knowl
edge contributors who also have specific personal needs. Such needs affecting 
work design requirements are the social needs (i.e., desire for significant social re
lationships) and the growth needs (i.e., desire for personal accomplishment, learn
ing, and development) (Wall et al., 1987). 

As discussed by Karwowski et al. (1994), developments in information-based 
manufacturing systems have had profound impact on work design (i.e., on how 
the tasks are grouped into jobs and allocated among different work groups). Two 
key technological features that affect work design are technical interdependence, 
or the extent to which the technology requires cooperation among employees to 
produce a product or service, and technical uncertainty, or the amount of infor
mation processing and decision making workers must exercise during task exe
cution (Wall et al., 1987). Work design also is affected by task environment. 
When task environments are relatively stable, the jobs can be programmed and 
standardized; when the environment is relatively dynamic, the jobs must be man
aged adaptively (see Chapter 3). Implementation of information-based manufac
turing requires nontraditional work designs and significant modifications in the 
work context. The new forms of technology tend to increase technical interde
pendence, uncertainty, and environmental dynamics. In addition to assessment of 
skills, training, and human-machine interfaces, effective design of manufactur
ing systems includes examination of the system of reward of human skills, direc
tion of technological innovation, and human operator control over manufacturing 
operations (Majchrzak, 1995). 

Potential contributions of macroergonomics to modern manufacturing reflect 
the variety of human components of an industrial enterprise and include the 
following broad areas of application: (1) development of business practices, 
(2) design of enabling (information-based) technologies, and (3) management of 
new technologies and business practices. This chapter presents an overview of 
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some of the main macroergonomic issues in information-based manufacturing 
systems, and discusses selected applications of macroergonomic principles 
applicable to the design and operation of such systems. 

EARLY MANUFACTURING CONCEPTS


The first organizational structures in manufacturing utilized narrow and precise 
definitions of tasks leading to job specification and tasks grouping (or depart
mentalization). For example, Charles Babbage (1832) advocated an increase in 
work efficiency from job specialization achieved through decreased learning 
time and increased skill due to repetition, fewer tool changes, and decreased 
waste. The horizontal differentiation extended through the number of required 
specialties and the level of training for specific jobs (Hendrick, 1986). Taylor 
(1911) developed the principles of scientific management (i.e., vertical work spe
cialization based on the division of work and allocation of responsibility between 
the management and workers (see Chapter 3 for additional explanation). The 
creation of management science, focusing on one optimal method for definition 
of work task and determining all of its details, formed the basis of Taylor's sys
tem. This system was characterized by division and simplification of work and 
work standards, and led to a separation of planning, controlling, and monitoring 
activities. 

Weber's (1946) ideal bureaucracy reinforced and extended the Tayloristic 
design principles based on the "one best way" by focusing on organizational 
structure that emphasized efficiency, stability and control, and division of labor 
through well-defined, simple and routine tasks performed by the workers. The 
widespread adoption of Taylor's (1911) principles of scientific management on 
the shop floor led to drastic job fragmentation. From a purely technological 
standpoint, the one best way of doing the job, matching people to tasks, supervi
sion, incentive schemes, and creation of staff groups to plan and control of work
ers, was considered progress toward creation of an effective factory organization 
(Hayes et al., 1988). The main weakness of this approach, however, was undesir
able social consequences (MacKenzie & Wajcman, 1985; Rosenbrock, 1983). 

Separation of managers and staff from workers, disregard of the need for con
tinued improvement of workers' skills and organizational capabilities, and job 
fragmentation proved to be serious deficiencies of many systems. The technology-
driven or technocentric approach to design and management of information-
based manufacturing was in principle no different from the Tayloristic method 
(Brodner, 1987; Cooley, 1986; Corbett, 1985; Kidd, 1987). As such, the quest 
for information-based manufacturing as practiced in the recent past further en
hanced vertical division of work, and aimed to reduce human involvement in the 
manufacturing processes. 
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The emergence of an information-based global economy, as well as technical 
requirements of flexible and mass-customized production, stimulated introduction 
of the new paradigm in manufacturing philosophy, characterized by the following 
assumptions: (1) producing is a service, (2) flexibility ensures productivity, 
(3) productivity in information management increasingly influences the productiv
ity of material processing (utilization of work, capital, material, energy), (4) more 
productivity is gained by uniting information processing, decision making and 
realization in small, fast control loops or work groups, (5) the workforce becomes 
more important, and (6) manufacturing systems have to be designed as more 
use-oriented than cost-oriented units. In order to realize these objectives and re
quirements, a set of new ideas and new ways of thinking have been developed 
(Warnecke, 1993). Majchrzak (1995) concluded that information-based manufac
turing implementation is more likely to be successful when the technology, organi
zation, and human resource/people issues have been designed to complement and 
integrate with each other. Many of these failures in implementation efforts could 
be attributed to managers and technology, as well as designers lacking an under
standing of the required organizational and human resource changes. 

CONTEMPORARY MANUFACTURING

CONCEPTS


The contemporary manufacturing paradigm stipulates the systems approach 
to integration of technology, people, and organization (Goldman et al., 1995; 
Karwowski et al., 1994; Karwowski & Salvendy, 1994; Kidd, 1994; Majchrzak & 
Wang, 1994). Appropriate technology needs to be implemented with due consid
eration to the requirements for selection and training of human resources, alloca
tion of decision making, and control over technology by the people charged with 
its use. Organizational structures allowing persons to manage the available 
resources and adapt quickly to a changing marketplace are also needed. While 
many different concepts were developed in the recent past to realize this new 
manufacturing paradigm, they all attempt to capture critical requirements of the 
global economy and changing market conditions (i.e., cost, quality, flexibility, 
and time) (Itoh, 1991). These concepts are briefly reviewed below. 

Lean Manufacturing 
The concept of lean manufacturing Womack, Jones, and Roos (1990), which 
replaces the traditional mass production paradigm, considers the organizational 
structures and human resources, alongside of information-based technology, 
as important factors for generating expected productivity and quality results. 
Lean production combines the advantages of both craft and mass production, 
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including high volume and diversified production using flexible automation, 
multiskilled teamwork, and an overall corporate culture of continuous improve
ment and high quality. Wobbe and Charles (1994) identified five general princi
ples for lean production. First, the more complex products become, the more 
quality is dependent on upgrading of all stages of manufacturing and demands 
the full dedication of employees at all levels. Second, the more sophisticated 
manufacturing technology becomes, the more it is vulnerable and dependent on 
human skills for control and maintenance. Third, the more customized produc
tions are, the more human intervention is necessary with regard to change-over, 
setting up machines, adaptation, adjustment, and control. Fourth, if products de
mand a high service input, and aftersales service and maintenance, skilled people 
are required to accomplish these tasks. Finally, the shorter the life cycle of prod
ucts becomes, the more innovation comes into play; take-off phases occur more 
frequently, and their mastery is dependent on experienced personnel with formal 
knowledge to overcome new challenges connected with the start of a new product. 

Concurrent Engineering 
Concurrent engineering (CE) aims for near simultaneous design of new products 
and processes (Sinclair et al., 1995) through identifying the effects of possible de
sign features on each other as well as the intended performance criteria—including 
management practices such as organizational design, job design, and training. 
King and Majchrzak (1995) discussed different management practices dependent 
on the key design decisions regarding stand-alone versus integrated manufacturing 
systems, and application of information-based technology. The basic assumptions 
about concurrent engineering, with respect to communication and (lateral) coordi
nation between disciplines, data representation for designers, and human-
computer interaction of individuals, were found to be inconsistent. Therefore, the 
following complementary strategies were recommended. The first strategy advo
cated the use of a user-centered design approach for organizations committed to 
change over several design cycles. A second strategy stated that CE tools should 
integrate human aspects of design with the technical elements, and allow sharing 
of cognitive models as well as technologies to accommodate the variety of per
spectives that team members bring to a CE design process. A third strategy advo
cated sharing of ideas with appropriate people at the closeout of each session, 
rather than demanding it using standardized project management techniques. 

Agile Manufacturing 
A more recent manufacturing philosophy and business approach is the concept 
of agile manufacturing (Goldman et al., 1995; Kidd, 1994; Kidd & Karwowski, 
1994). The term agile manufacturing was first introduced with the publication of 
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the 21st Century Manufacturing Enterprise Strategy (lacocca Institute, 1991), 
which made three important points in an effort to define agility manufacturing. 
These key points are as follows: 

1. A new competitive environment is emerging, which is acting as a driving 
force for change in manufacturing. 

2. Competitive advantage will accrue to those enterprises that develop the 
capability to rapidly respond to the demand for high quality, highly cus
tomized products. 

3. To achieve the agility that is required to respond to these driving forces 
and to develop the required capability, it is necessary to integrate flexible 
technologies with a highly skilled, knowledgeable, motivated, and empow
ered workforce. This must be done within organization and management 
structures that stimulate cooperation both within and between firms. 

As discussed by Kidd (1994), lean manufacturing and agile manufacturing are 
two different concepts. Agility, which implies a quickly moving, nimble, and ac
tive system, is not the same as manufacturing flexibility, which means adaptabil
ity and versatility. While flexibility is a necessary requirement for competitive 
corporations, it does not constitute agility; nor does the concept of lean manufac
turing (i.e., doing everything with less) (Jones, 1992). Although lean manufac
turing is necessary for agility, it is not sufficient. Similarly, computer-integrated 
manufacturing and computer-integrated enterprises, even though they assure 
rapid communication, exchange and reuse of data, are not necessarily agile. 
However, computers that link across applications, functions, and enterprises may 
provide for the necessary conditions for agile manufacturing (Goldman et al., 
1995). An agile company aims to manage change and uncertainty through the 
entrepreneurial approach, combined with a flexible organizational structure and 
distributed managerial decision-making authority, which allows for rapid recon
figuration of the human and technological resources in a quest for meeting glob
ally changing market requirements (Karwowski et al., 1994). 

According to the lacocca Institute (1991), the agile manufacturing enterprise 
exhibits the following characteristics: (1) concurrency in all activities, (2) contin
uing education for all employees, (3) customer responsiveness, (4) dynamic 
multiventuring capabilities, (5) employees valued as vital assets, (6) empowered 
individuals working in teams, (7) environmental concern and proactive approach, 
(8) accessible and usable information, (9) skilled and knowledgeable employees, 
(10) open system architectures, (11) right first time designs, (12) total quality 
philosophy, (13) short cycle times, (14) technology awareness and leadership, 
(15) enterprise integration, and (16) vision-based management. 

Agile manufacturing can also be considered as a framework, within which a 
company can develop its own business strategies (Kidd, 1994) supported by 
three primary resources: innovative management structures and organization; 
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a skill base of knowledgeable and empowered people; and flexible and intelligent 
technologies. Agility can be achieved through the integration of these three 
resources into a coordinated and interdependent system that aims to achieve 
cooperation and innovation in response to the need to supply customers with 
high-quality customized products. The first principle of agile manufacturing is 
that an enterprise should be built on the competitive foundations of continuous 
change, rapid response, quality improvement, and social responsibility in terms 
of environment and employees (Kidd, 1994). 

Implementation of the agile manufacturing principles may often require 
extensive changes in the existing business practices, or even a complete overhaul 
of such practices (Goldman et al., 1995; Greiss, 1993). Because success may 
depend on rapid development and delivery of quality products, modern corpora
tions aim to maximize their ability to capture and utilize corporate experience 
in product design through concurrent engineering practices (Goldman & Priess, 
1992). Also, an implementation of collaborative design efforts is required to 
assure fast-paced design decisions in a competitive environment with no error 
tolerance (Forsythe & Ashby, 1994). 

Consideration of macroergonomic factors affecting decision making within 
dynamic markets is very much needed for development of manufacturing agility. 
This includes knowledge of team dynamics, individual information require
ments, information management and utilization, and monitoring and assessment 
of the status of complex and dynamic systems (Forsythe & Karwowski, 1995). 
The appropriate organizational structure and infrastructure support for corporate 
communication and information transfer also are needed, including system and 
software compatibility. In agile manufacturing enterprises, integration and net
working occurs at all levels of the organizational structure. Therefore, the needs 
of a complex infrastructure and the numerous human issues should be addressed 
(Haney, Reece, Wilhelmsen & Romero, 1994). 

Virtual Enterprise and Human Networking 
Agile manufacturing can be viewed as the business concept that brings together 
many ideas in order to develop an appropriate response to global market oppor
tunities (Goldman et al., 1995; Kidd, 1994), and which can be realized through 
virtual enterprises. The agility comes from integration of organization, people, 
and information-based technology into a coordinated interdependent system. A 
framework of generic features of agile manufacturing may be comprised of the 
following elements (Kidd, 1994): (1) integrated enterprise, (2) human network
ing, (3) enterprise based on natural groups, (4) increased competencies of all 
people, (5) focus on the core enterprise competencies, (6) virtual corporation, 
(7) an environment supportive of experimentation, learning, and innovation, 
(8) multiskilled and flexible people, (9) team working, (10) empowering of 
all the people in the enterprise, (11) knowledge management, (12) skill and 
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knowledge enhancing technologies, (13) continuing improvement involving all 
people, and (14) change and risk management. 

The two important building blocks of manufacturing agility are human net
working and employee empowerment. Under the concept of human networking 
(Naisbitt, 1984; Savage, 1990) workers are networked together by interactions 
that occur between all people in the organization. Traditional, information-based 
networks also can be used to support human networking. 

Human Networking 
and Manufacturing Effectiveness 
The manufacturing enterprise is effective when it accomplishes its stated goals, 
makes maximum use of its resources, and satisfies its strategic constituencies 
(Savage, 1991). The goal attainment approach seeks to satisfy the goals of an 
organization. However, there can be long- and short-term goals, and individual 
and organization goals. By making use of the principles of human networking in 
modern manufacturing, it is possible to build cross-functional teams with com
mon goals. Peer-to-peer interaction and an integrated structure can ensure timely 
flow of information between teams and efficient sharing of knowledge and skills. 

Savage (1991) proposed that the organizational functioning of modern manu
facturing be based on the strategic constituencies approach, which holds that any 
organization must satisfy its strategic constituencies, owners, employees, cus
tomers, suppliers, unions, and government to survive. To satisfy all these groups 
the organization must develop a network connecting all groups. Employees, both 
blue and white collar, are critical to the success of an organization. Under the 
contemporary manufacturing concept, work has been divided into parts and sub
parts with one worker doing only a small part of the whole work. Furthermore, 
work is seen as a process, and the worker is intimately connected with product 
through this process. The worker has the vision about the product and the knowl
edge of the process to work toward the product. 

HUMAN-CENTERED MANUFACTURING 

The concept of human-centered manufacturing focuses on five basic principles 
of work design (Corbett, 1990; Murphy, 1989); (1) retention and enhancement of 
existing skills, (2) extension of operator choice and control (humans control the 
technology, not vice versa), (3) minimal subdivision of work (unites planning, 
execution, and monitoring), (4) maximization of human operator knowledge of 
the whole production process (encourages social communication and interac
tion), and (5) consideration of ergonomic factors (layout of equipment, design of 
keyboards, software, etc.). The above allows us to extend traditional human 
factors considerations through the design of manufacturing architecture within 
adaptive organizational structures. 
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Under the above, modern manufacturing enterprises are viewed as socio
informational systems, with focus on the following issues: (1) parallel design; a 
cyclical and iterative process of simultaneous planning of both human and tech
nical aspects of new systems, (2) the complementarities of technical and social 
components of the new systems; design of equipment hardware and software as 
a set of tools to perform routine transfer and control tasks and enhance the ability 
of humans to make choices in situations of uncertainty and deal with unpre
dictable events, and (3) new system design techniques created to overcome 
designers' lack of understanding of contemporary manufacturing operating re
quirements (Badham & Schallock, 1991). 

According to Corbett (1988), the human-centered computer integrated manu
facturing (HCCEVl) system satisfies several basic requirements. In general, the 
more degrees of freedom open to users to shape their own working behavior and 
objectives, the more human-centered is the manufacturing system. The HCCIM 
aims to unite the planning, execution, and monitoring component of work in order 
to minimize the division of labor common to present day practices. HCCEVI 
encourages social communication (both formal and informal) between users, pre
serving face-to-face interaction in favor of electronically transmitted data exchange, 
and accepts the present skills of the user and allows them to develop. This approach 
is contrary to conventional design, which tends to incorporate the skills into the 
machine. Finally, it provides a healthy, safe, and efficient work environment. 

The design of human-centered components of the manufacturing systems 
extends beyond providing computer-supported group work on the shop floor. 
For example, Badham and Schallock (1991) outlined a human-centered work-
oriented model for advanced manufacturing based on the strategy of integrated 
group manufacturing. First, operators' tasks were widened as far as possible. 
Second, computer-aided planning facilities were located at the shop floor level 
rather than at the planning department level. Third, as much as possible, plan
ning and scheduling functions were supported at the production island rather 
than the foreman/area control level. The above model was adapted to conditions 
of smaller firms and batch sizes, high quality and customized markets, relatively 
high skill levels, unionization, and "high trust" production cultures (Badham & 
Schallock, 1991). 

This approach has been developed within the ESPRIT research program (Kidd, 
1990a). By splitting orders instead of dividing labor, job shop manufacturing was 
changed into group manufacturing where part families were manufactured in their 
entirety (Brodner, 1986). Such integration enabling a tool facilitated the exchange 
of ideas and allowed for interactive learning between the computer and designers. 
Another application is the use of human-centered concepts in designing an auto
mated manufacturing cell. The operator runs the manufacturing cell with the aid 
of powerful software tools, including creation of machine programs using high-
level software tools, optimization of these programs using his or her skills and 
experience to minimize the cutting time, performing machine scheduling, and 
programming the work-handler to load/unload, and doing the leftover tasks. 
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Open System Design in Manufacturing 
The human- and computer-integrated manufacturing systems require flexibility, 
adaptation, improved responsiveness, and the need to motivate people and make 
better use of their skills, judgment, and experience (Kidd, 1992). The above 
implies that organizational structures, work practices, and technologies should 
be developed in such a way as to allow people at all levels in the company to 
adapt their work strategies to the variety of system control situations. Therefore, 
they should be designed and developed as open systems. The term open system is 
used to describe a system that receives inputs from and sends outputs to the sys-
tem's environment (Kidd, 1992). This term was associated, in the context of 
modern manufacturing, with the system architectures based on the International 
Standards Organization Open Systems Interconnection model (ESPRIT Consor
tium AMICE, 1989). The idea can be applied not only to system architectures 
and organizational structures, but also to work practices, human-computer inter
faces, and the relationship between people and technologies, such as scheduling, 
control systems, decision support systems, etc. (Kidd, 1990a, 1990b). 

An open manufacturing system allows people a large degree of freedom to 
define the mode of operating the system and adapting to its environment. For ex
ample, Kidd (1990b) has demonstrated the concept of an open system for the 
human-computer interface (HCI) in the workshop-oriented computer numerical 
controlled (CNC) cell. The HCI system allows the human operator to customize 
the interface to his or her own personal preferences by changing the dialogue, 
the screen layout, etc. In a closed manufacturing system, actions of the user 
are determined by system designers through hardware, software, or performance 
constraints, and the user-computer relationship is predefined. An example of a 
closed system is the design of the human-computer interface of CNC machine 
tools, which are predetermined by the manufacturing designers. A closed system 
limits the user's freedom of action, or forces the user to use the manufacturing 
system in a particular way. A closed system approach aims to automate a partic
ular task, but when the manufacturing process fails, it leaves the user without the 
necessary information-based decision support. 

An open manufacturing system does not restrict what the human operator can 
do by allowing the designer to make use of any of the infinite number of possi
bilities between the two extremes—the computer acting alone or the user acting 
alone. In the open system, the relationship between the user and the computer is 
determined by the user, not by the designer. The role of designer is to create a 
system that will satisfy the user's personal preferences and allow the users to 
work in a way that they find most appropriate, making the system more adapt
able and agile. Wall, Corbett, Martin, Clegg, and Jackson (1990) examined two 
work design styles used to manage and operate CNC stand-alone systems. The 
work designs of interest were the specialist control and operator-centered control 
designs. In the specialist control mode, engineers and computer specialists 
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maintain, repair, write, and fine-tune the programs, while the operator has 
minimal involvement. In the operator-centered control mode, the operator is 
responsible for monitoring and maintenance and programming of problems as 
they occur. The results showed that introduction of an enhanced operator control 
over CNC assembly machines led to reduction in downtime for high variance 
machines, and suggested that work redesign improved intrinsic job satisfaction 
and reduced feelings of job pressure among operators. 

HUMAN ROLES IN INFORMATION-BASED 
MANUFACTURING 

Complementarities of Cognitive 
and Macroergonomic Approaches 
With increasing automation, the nature of tasks in modern manufacturing systems 
shifted from those that mostly require perceptual-motor skills to cognitive activi
ties, such as problem solving and decision making in supervisory control tasks 
(Goodstein, Anderson & Olsen, 1988). Traditional approaches to design and man
agement of information-based manufacturing consider workers as deterministic 
input-output systems, and tend to disregard the teleological nature of human be
havior (i.e., the goal-oriented behavior relying on seeking relevant information 
and active selection of goals) (Rasmussen, 1983). However, to be successful, the 
design and management of advanced manufacturing systems needs to incorporate 
descriptions of human mental functions required for a specific task. 

Sanderson (1989) identified two complementary approaches to defining the 
role of people in contemporary manufacturing systems: (1) cognitive engineering, 
based on cognitive and motivational psychology and focusing on the individual, 
and (2) macroergonomics, based on a combination of industrial/organizational 
psychology, social psychology, and systems theory, which focuses on the entire 
organization. These two approaches are complementary because the actions of the 
individual operators are restricted by the policies and "culture" of the organiza
tion. On the other hand, the functioning of the entire manufacturing organization 
is reflected in the actions of the people who supervise the system's operation. 

The application of information technology affects the human roles in con
temporary manufacturing systems in two ways: hierarchically and horizontally 
(Sanderson, 1989). The hierarchical effect of information technology manifests 
itself through the process of automation, and leads to human operators acting as 
supervisors of the artificially intelligent manufacturing processes. The horizontal 
effect of information technology can be described in information processing 
terms, and illustrates the situation in which the human operators have access 
to information about all aspects of the manufacturing system. The cognitive 
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engineering approach (Hollnagel & Woods, 1983) emphasizes appropriate goals 
for the human roles, a need to understand the details of the particular system, and 
system complexity. Human knowledge and skill are considered as an inherent 
part of system design requirements. The interaction between the technical and 
human parts of the system is to be designed to make the best use of the knowl
edge and skills of both parts of the system. 

System Complexity and Change Process 
Management of change is the systematic application of a change management 
methodology that includes the politics of management, development of strategies, 
and treating human resource management as a business issue. It also includes 
analysis of work system design, design of technology, and quality. The support 
for a change process can be established through such actions as: (1) development 
of skills and training for new forms of team work, (2) implementation of the re
ward systems for participation in teams, (3) design of a comprehensive communi
cation system that incorporates a knowledge of change, and (4) establishment of 
procedures that allow for experimentation, creating a culture of change, and pro
viding facilities to support change. The knowledge and tools of the macroer
gonomic discipline can be very useful in this process. 

Contemporary manufacturing enterprises are by their nature very complex and 
uncertain systems. The reduction of such complexity can be achieved by compre
hensive use of the unique worker skills and on the basis of human-oriented organi
zational schemes (Kidd, 1994). Human skills can be developed and utilized by 
taking into consideration all the factors that define the working tasks and manage
ment procedures. These procedures, in turn, have to be appropriately designed with 
respect to the organization, use of technology, and corporate policies. An appropri
ate framework needs to be developed to deal with change, risk, and complexity. 
For example, an integration of human resources across departments and at differ
ent hierarchical levels in developing the strategic vision should be followed by a 
strategy to realize appropriate changes within a new organizational structure. 

HUMAN- AND COMPUTER-INTEGRATED

MANUFACTURING


Human- and computer-integrated manufacturing refers to developing integrated 
systems of people, organization, and technology (Kidd, 1991). Three main types 
of system integration are: (1) integration of people, by assuring effective 
communication between people, (2) human-computer integration, by designing 
suitable interfaces and interaction between people and computers, and (3) tech
nological integration, by assuring effective interfacing and interactions between 
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machines. One of the main ingredients of integrated manufacturing is the con
cept of skill-based technology—a strategy that involves people who work within 
appropriate organizational structures and are supported by information-based 
technology. The above-defined concept takes its origins from the early ideas of 
the human-centered approach to design of advanced manufacturing technology 
(Rosenbrock, 1989). 

Organizational Design Issues 
Contemporary manufacturing systems must use the process of differentiation 
in order to divide its staff, functions, and processes into distinguishable units 
(Majchrzak, 1988). At the same time, however, these units must also be closely 
coordinated through the process of (computer) integration. Maintaining the bal
ance between integration and differentiation is a central dilemma for organizing 
manufacturing systems. Majchrzak (1988) proposed a model describing six 
major components of the human infrastructure in contemporary manufacturing 
systems. This model is arranged into four components as stages to signify the 
fact that earlier decisions affect later options. These stages include: 

1. The consideration of equipment features (parameters) and selection of 
equipment, 

2. effects that decisions about equipment features could have on jobs (first
order effects), 

3. effects that the decisions about jobs can have on personnel training, selec
tion, and other related policies, and on organizational structure (second-
order effects), and 

4. the ultimate significance of the equipment for the production process, 
human infrastructure benefits, and organizational survival. 

The two remaining components of the above model are the planned change 
process for implementing the decisions and constraints on the human infrastruc
ture decisions (i.e., workforce, control over resources, predictability of market
place, and management of human resources priorities). The choices about human 
infrastructure must be compatible with equipment parameters to achieve optimal 
use of the new technology. 

Socio-lnformational View 
of the Manufacturing Enterprise 
Many corporations made an effort to develop and introduce new work structures 
that would be compatible with different branches of modern manufacturing 
systems (Womack, Jones & Roos, 1990). Significant improvements were made 
by structuring manufacturing into functional blocks (products in assemblies, 
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production in work groups, and manufacturing cells), leading to greater system 
transparency of internal processes as well as to greater system flexibility. In such 
a decentralized system, with people who are adequately skilled, production plan
ning and control can be shifted to the operational (factory floor) level, which 
leads to shorter and faster control loops and smaller organizational hierarchy. 
Organizational flexibility also was enhanced by including other support activities 
in the change, such as programming, maintenance, servicing, and tasks con
nected with quality assurance. The improved use of the system (availability) 
compensated for additional costs for personnel caused by higher qualification. 
Finally, utilization of the teamwork concept allowed for increased flexibility 
concerning quantity and personnel. Recently, planning and controlling tasks are 
increasingly being transferred to task groups, so that there is not only an increase 
in autonomy but also in responsibility. 

In order to account for the multitude of factors encompassed in human, orga
nization, and technology issues, manufacturing enterprises focus on the interac
tions or congruence of these factors (Majchrzak, 1988). The manner in which 
such factors match one another is more important than any single factor alone, 
and it is the degree of appropriate match that the organization should promote. 
Some of the important tools designed to assure congruence between different 
manufacturing factors were developed by Majchrzak and Gasser (1992) and 
Majchrzak (1995). These tools, such as HITOP and ACTION, incorporate expert 
system techniques and knowledge bases in order to provide managers with struc
tured information about organizational structures, given the technology and 
human attributes of the manufacturing facility. 

TOOLS FOR MANUFACTURING 
INTEGRATION 

Integration Process 
Computer-integrated manufacturing (CIM) aims to integrate technology, organiza
tion, information systems, and people to improve the industrial performance of a 
company. The objectives of CIM are to achieve multiple and changing business 
goals, long-term competitiveness, and productivity. Unfortunately, many such sys
tems fail to achieve their intended objectives. While most of them are technically 
successful, only 14% show significant improvements in the competitive business 
position of the enterprise (Jaikumar, 1986). These failures have both short-term 
and long-term effects. The short-term losses include wasting of valuable resources 
and failing business objectives. The long-term losses are unfulfilled strategies; 
lower confidence in leadership; increased resistance to change, and threats to orga
nizational survival. Similar consequences can be expected from failing to adapt the 
CDVI architecture to changing internal and external future needs. 
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Many of the current CIM reference architectures, which are the models used 
as a benchmarks against which to assess both the structure and performance of a 
particular CIM facility, utilize out-of-date design criteria that lack a comprehen
sive consideration of macro- and micro-ergonomics issues. Other problems with 
these architectures are complexity and difficulty in transferring abstract design 
into an implementation plan. Simple but comprehensive quantitative tools 
that would help in designing successful CIM systems are needed (Kantola & 
Karwowski, 1999). Such tools would improve the success rate of CIM imple
mentation efforts and help to determine requirements and resources needed for 
CIM implementation. 

According to Gasser and Majchrzak (1994), one needs to address the follow
ing set of issues in preparation for using the manufacturing integration tools in 
practice: 

1. Are the management and engineering staffs aware of the technology fail
ure rates internal to the organization? 

2. Have there been any efforts in the organization to document learning from the 
failures to confirm that the failures have been attributable to lack of planning 
of how the technology would be integrated with the people and organization? 
Have these lessons learned been disseminated to managers and engineers? 

3. Have there been any efforts to examine in the organization how technol
ogy design, especially as it relates to organizational and people issues, is 
conducted today? Has there been any effort to benchmark how the organi
zation does technology design with how other companies do it? 

4. Have there been any efforts to examine how tools could be used to help 
facilitate the technology-organization-people (TOP) integrative design 
process? Has a list of criteria for a worthwhile tool been generated? 

5. Have there been any efforts to search for available tools that have been or 
could be used to help facilitate a technology-organization-people (TOP) 
integrative design process? 

6. Have there been any efforts, albeit small steps, to involve shop floor 
workers in continuous process improvement efforts in which they work 
collaboratively with engineers? 

CIM Implementation and Complexity 
Computer-integrated manufacturing differs from nonintegrated systems with 
respect to technical complexity and the scope of operations (Majchrzak, 1995). 
Complexity means that with integrated manufacturing, the equipment often 
serves multiple and flexibly interchangeable functions, and significant informa
tion typically is needed by the human operator to interpret, evaluate, and diag
nose events. Such a situation may lead to technical problems that are more 
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difficult to diagnose than those that can occur in the nonintegrated manufacturing 
systems. The scope of operations means that under integrated manufacturing sys
tems the equipment performs many more operations than before, making distur
bance removal more difficult (i.e., a solution to a problem at one machine needs 
to be considered in relation to other machines). Therefore, appropriate manage
ment strategies must be developed to allow workers to cope effectively with the 
greater complexity and scope of integrated manufacturing. 

Some of the ways to support workers in managing complexity include the 
following (Majchrzak, 1988; Majchrzak, 1992; and Liker et al., 1993): 

1. broadening manufacturing operators' job responsibilities to include machine 
repair, process improvements, and inspection 

2. enlarging maintenance workers' job responsibilities to include teaching, 
ordering parts, scheduling, and machine operations 

3. extending supervisory job responsibilities to include working with other 
departments to resolve problems 

4. more maintenance people to compensate for increasing equipment unpre
dictability 

5. increased use of work teams to provide a coordinated response to broad 
problems 

6. operator selection based more on human relations skills than seniority to 
ensure necessary communication and coordination capabilities 

7. increased training in problem solving and how the various manufacturing 
processes function to handle the increased scope of problems 

Majchrzak (1995) also postulated that enterprises that successfully utilize inte
grated manufacturing technology exhibit more of the management practices 
discussed above than the less successful plants. In addition to implementing the 
integrated manufacturing, the successful plants also have these management 
practices in place. For corporations with nonintegrated manufacturing, the kinds 
of management practices needed for integrated manufacturing are not nearly as 
critical for the plant to perform successfully. 

With flexible manufacturing automation, workers need to be able to respond 
to a greater number of issues than with manual operations. They thus need to 
have the appropriate authority, technical skills, latitude in work procedures, and 
motivating rewards for quick and effective response. Therefore, design of TOP 
integration should include the following requirements (Majchrzak, 1995): 

1. a broadly diffused expertise among workers, engineers, technicians, and 
managers about different TOP integration options and their impacts on 
each other 

2. different disciplines and stakeholders working together as a team to create a 
comprehensive picture of the as-is and to-be TOP aspects of the enterprise 
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3. modeling techniques that allow the team to explore and assess the conse
quences of different integration options so that intuitive predictions about 
effects of technological or organizational change can be tested against 
best-practice models 

4. documentation of designs with the expectation that they will evolve over 
time in response to ongoing learning and adjustment; so as workers gain 
experience with new technical and organizational designs, they can 
improve their designs. 

The HITOP System 
HITOP, or high integration of technology, organization, and people (Majchrzak, 
1990), is a methodology that allows a design team to conduct an analysis of 
a TOP system. A HITOP analysis involves the design team completing a series 
of checklists and forms that describe their organization and current technology 
plans, and then helps the design team to identify the implications of those plans 
with respect to organizational and people issues. However, the HITOP analysis 
contains no knowledge base, nor does it recommend specific design options. 

The ACTION System 
ACTION is an interactive software system and methodology that embodies an 
extensive knowledge base about relationships among technical, organizational, 
and strategic features of manufacturing corporations (Majchrzak, 1995). The 
system allows one to model the impacts of different organizational, technology, 
and strategy choices. This can be done, for example, by specifying the character
istics of the technology, best practice skills, information, performance measures, 
rewards and norms, and empowerment needs for the comprehensive data sets 
related to different activities, process variance control strategies, and business 
strategies (including new product development flexibility, minimizing through
put time, and maximizing process quality). A profile of the ideal organization 
can then be invoked from the knowledge base in terms of the required activities, 
information, skills, technologies, etc. 

According to Majchrzak (1995), the identified system integration-related 
problems (gaps) and alternative priorities for solving such problems, which are 
based on different prioritization criteria, can be in analyzed in ACTION and pre
sented to the user. The prioritization is calculated based on a probability model 
in which a high probability of accomplishing a particular business strategy is 
calculated based on the number of problem areas meeting particular criteria of 
successful organizational designs, minimized coordination needs, maximizing 
unit capabilities, and motivating workers through appropriate performance metrics 
and rewards. ACTION promotes the modeling of alternative TOP integration 
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designs by a computer-accessible knowledge depository of best practices. 
Furthermore, the system uses a simple mode of changing inputs in order to 
describe alternative ideas, and allows for an arbitrary order for input of data, de
sign scenarios, information processing, and output. 

Although the ACTION theory and software tool is considered to be the most 
powerful tool available for implementing socio-informational systems, because 
it allows one to align social and technical subsystems in manufacturing organiza
tions, it has also some shortcomings. ACTION does not cover all critical design 
aspects of a CIM system and the reference architectures and ACTION are quali
tative tools only. 

The CIMOP System 
Computer-integrated manufacturing facilities or enterprises are complex systems 
that require a high level of integration between its four subsystems, i.e., technol
ogy, organization, information system, and human resources. Knowledge about 
the relationships during these subsystems is essential for achieving the multiple 
and changing objectives of the entire CIM system. While each of the subsystems 
represents different design aspects, the whole system design must be optimized 
with respect to a large number of relevant variables. It should also be noted that 
the design aspects of a CIM have different levels of importance, and these deci
sions must be made based on the system hierarchy. 

Recently, Kantola and Karwowski (1999) developed the CIMOP method for 
evaluating computer-integrated manufacturing, organization, and people system 
design (Fig. 11.1). The critical design aspects are quantified and are called the de
sign factors (DFs). These factors relate a CIM system design to practice and allow 
for quantitative: (1) evaluation of a CIM system design, (2) evaluation of an exist
ing CIM system, (3) comparison between CIM system designs, and (4) "what-if" 
type analyses of the effect of alternative system design improvements. The ability 

FIG. l l . l  . Organization, technology, information systems and 
people are integral parts of a CIM system. 
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to evaluate CIM subsystems individually (from their integration point of view), in 
addition to the whole system, helps to pinpoint problem areas in the design. 

CIMOP utilizes 75 design factors representing critical design aspects, includ
ing: (1) organization subsystem (12 DFs), (2) technology subsystem (17 DFs), 
(3) information systems (IS) subsystem (22 DFs), and (4) people subsystem 
(24 DFs). These design factors were defined based on the latest knowledge from 
the following disciplines: human-centered CIM (HC-CIM); manufacturing 
organization design; manufacturing system design; information systems in 
manufacturing; flexibility, reliability, availability, and maintainability (RAM); 
human-computer interaction (HCI); and human-machine system design (HMS). 

The CIMOP method allows users to select specific DFs for inclusion in the 
evaluation criteria. While it is strongly recommended to include all DFs in every 
CIM system evaluation, limited evaluation criteria (with less than 75 DFs) can 
be used to evaluate systems with a lower level of integration. DFs are arranged in 
a top-down manner to a functional hierarchy, which shows their primacy and 
subordination to each other. The design factors and their grouping are shown in 
Table 11.1. The evaluation of DFs indicates the degree to which specific objectives 
of a CIM system design are met. DFs are not independent, and the interaction 
between them allows for trade-offs through compensatory effects of different in
puts related to the specific output. The DFs were chosen to be universal in a quest 
to minimize the need for different definitions under varied social environments. 

In CIMOP, five evaluation modes are used to determine the overall system de
sign quality: (1) CIM system design, (2) organization subsystem, (3) technology 
subsystem, (4) IS subsystem, and (5) people subsystem. The greatest advantage 
from such an evaluation is the ability to evaluate CIM structure prior to its imple
mentation so as to avoid possible design failures. Costs at the design stage are rela
tively low compared to the costs resulting from a CIM system failure. Figure 11.2 
illustrates the hierarchical structure of CIM system design evaluation. 

The DFs, DF groups, CIM subsystems, and overall CIM design quality are 
defined as fuzzy linguistic variables. Three linguistic states, LOW, MEDIUM, 
and HIGH, are used to describe the state of DFs, and also the state of inputs 
(intermediate results) to the next level of the evaluation process. The value of 
HIGH describes the desired state of DFs. LOW denotes an unacceptable state 
of DF, which is a generally known obstacle to a successful CIM system. 
The MEDIUM state describes the value of DF, which is acceptable, but needs 
improvement. Generally, MEDIUM is estimated halfway between LOW and 
HIGH. Five linguistic states: LOW, LTM, MEDIUM, LTH, and HIGH are used 
to describe the design quality of DF groups (intermediate result), the design 
quality of CIM subsystems, and the design quality of the CIM system. 

CIMOP allows the one to account for the DFs imprecision, i.e., the 
uncertainty in evaluation of DFs. Such uncertainty is present due to the follow
ing reasons: (1) DFs are qualitative and they are imprecisely defined; (2) the 
assessment of DFs is subjective; (3) partial ignorance about the state of DFs can 



TABLE 11.1 
Design Factors and Their Grouping 

CIM Design Factor 
Subsystem Group Design Factors 

Organization Organizational Allocation of operations, allocation of controls, 
design information flows, organizational design process 

Functional Organizational levels, recursivity of cells, central 
structure coordination, system dependence 

Organizational Intracell learning, intercell learning, system-level 
learning learning, organizational self-renewal 

Technology Components Machine tools, tools and fixtures, intracell material 
handling system, intercell material handling system, 
quality assurance (QA) 

Features Layout, safety, possibility to intervene, complexity, 
upgrades 

Flexibility Basic, process, routing, product, production 
RAM Reliability, maintenance 

IS Implementation Networks, compatibility, standardization, IS management, 
upgrades 

IS components PPC, CAD/CAE, CA(P)P, CAM, CAQ* 
Information Information types, data access, quality of the information, 

data entry, databases 
HCI Use of IS, feedback, flexibility, design of human-

computer interaction, interfaces 
RAM Reliability, maintenance 

People (Top) Support, role, openness to new ideas, performance 
management measures, environmentally conscious manufacturing 

Teams Determination of skill requirements, norms, skill 
requirements, structure, hiring 

Tasks Task requirements, continuation, task allocation between 
man and machine, task allocation between team 
members, workload 

Communication Customer involvement, top management, horizontal 
communication, vertical communication 

Motivation Working environment, salary, monetary compensations, 
nonmonetary compensations, flexible work time 

*PPC Production Planning and Control 
CAD/CAE Computer-aided Design and Engineering 
CA(P)P Computer-aided Process Planning 
CAM Computer-aided Manufacturing 
CAQ Computer-aided Quality Control 

be involved in the evaluation; (4) the evaluation done by the members of an 
evaluation group is not uniform. The linguistic values, which are utilized for 
design quality evaluation, are modeled in CIMOP by fuzzy sets, which represent 
the CIM system design quality better than crisp sets. This is because the predi
cates in propositions representing CIM system design quality do not have crisp 
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FIG. 1 1 .2. Example of the hierarchical structure of a CIM system 
design evaluation. 

denotations, and their explicit and implicit quantifiers are intrinsically fuzzy. 
CIM system design quality is expressed through a degree of membership for a 
fuzzy set representing different levels of design quality. 

The reasoning scheme of the CIMOP Method utilizes a fuzzy logic control 
(FLC). FLC is applied to model the imprecise, complex, and abstract aspects of 
CIM system design. In CIMOP, the FLC has a hierarchical structure, which resem
bles the hierarchical structure of a CIM system design. A FLC consists of four 
modules: (1) fuzzy rule base, (2) fuzzy engine, (3) fuzzification module, and 
(4) de-fuzzification module. The CIMOP method was programmed with Microsoft 
Visual Basic 5.0 along with MS Access database (Visual Basic, 1987-1997). Data
base queries are done with the Structured Query Language (SQL). The CIMOP 
method operates on a PC in the Windows 95 operating system. The method has an 
online help including the following help topics: the CIMOP method, DFs, Evalua
tion, Comparison, Analysis, Results, and Output scale. Projects can be printed. 
Printouts include general information, evaluation inputs, and graphical results. 

The Evaluation screen allows for the quantitative evaluation of a CIM system 
design. This is done by evaluating the state of DFs of the system design 
(Fig. 11.3). DFs are arranged as a hierarchy, as described earlier, at the left side 
of the screen. The tree can be expanded or collapsed by clicking the nodes. The 
rightmost branches are the DFs. Predefined levels of the DFs appear on the 
textbox on the right side of the tree. After all DFs have been evaluated, results 
can be viewed. Results are presented graphically on the Results screen. Another 
way to view results is to make printouts. 

The CIMOP method has two alternative output scales for the results: Numeri
cal and Verbal. The output scale can be selected by clicking on the Output scale 
listbox above the tree. Both scales are linear. The range of the numerical scale is 
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FIG. 11.3. Evaluation screen of the CIMOP method. 

from 0 to 10 scaled from the defuzzified values. The suggested verbal scale has 
3 levels: Design is acceptable, Design needs improvement, and Design is unac
ceptable. Results can be reviewed for the overall CIM system design, organiza
tion subsystem, technology subsystem, IS subsystem, and people subsystem 
(Fig. 11.4). Results indicate the level of design quality for the whole system, and 
indicate how different subsystems contribute to the CIM design quality, and how 
different DF groups contribute to the quality of subsystem design. 

The evaluation in CIMOP is to be conducted by an evaluation team represent
ing the most reliable information about the CIM system design. The team should 
have representatives at least from (top) management/factory level, human 
resources, IS management, and manufacturing cells/shop floor level. The evalua
tion team then compares the state of each DF against the predefined levels 
(Fig. 11.2). After the state of each DF in the project has been estimated, graphi
cal results representing the design quality can be examined. The graphical results 
indicate the design quality of the CIM system, its subsystems, and DF groups 
(Fig. 11.4). Result of the evaluation can aid in determining whether a particular 
system design should be implemented or improved. 

Based on the outcome, an implementation plan can be determined in each 
particular case. Intended users of the CIMOP method are companies with an 
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FIG. l 1.4. Design quality of a CIM system and its subsystems 
on the numerical scale. 

existing CIM system, companies designing, redesigning, or implementing a new 
CIM system, consultants, researchers, or any other parties engaged with CIM 
system design and evaluation. 

CONCLUSIONS 

Recent changes in the global economy induce a need to implement highly 
adaptive organizational structures, and adopt people-oriented, rather than 
technology-centered, approaches to design and operation of information-based 
manufacturing systems. Some of the existing organizational structures are too 
rigid to cope with external complexity and rapid changes in products and 
processes suitable to meet market demands (see Chapter 3). Such functional 
structures underutilize specific skills of human operators (i.e., workers' ability to 
cope with the system's uncertainties and emergencies by modifying rules when 
appropriate). Information-based manufacturing companies are learning to create 
organizational structures and procedures that would enhance communication and 
cooperation between different organizational units. Such structures also should 
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enable people to do what they can do best, through an improvement of their tech
nical qualifications, a shift of decision-making authority, utilization of advanced 
tools for information handling, and feedback systems. 

The macroergonomic discipline can offer specialized knowledge on many 
aspects of the above paradigm, specifically on the management of change with 
respect to: (1) work organization, (2) job design, new ways of organizing manu
facturing processes, (3) skill-oriented control and responsibility, (4) management 
of change processes by assessing the critical change factors and developing sys
tems, procedures, and tactics to address them, (5) evaluating change by aiming 
to make problems visible and create energy for change, (6) determining the 
cost/benefit of solution alternatives based on the degree and type of change, and 
(7) specific tools, techniques, and methods. 

As discussed by Karwowski et al. (1994), the knowledge of change imple
mentation should be translated into a comprehensive and practically usable 
methodology. Macroergonomics can help to improve and develop manufacturing 
industry capabilities in the areas of: (1) management of change, (2) technology 
deployment, (3) integration of organization, people, and technology into a coor
dinated system aimed at delivering competitive advantage, (4) development of 
information-based and knowledge-based tools to support analysis of complex 
organizations, based on holistic methodologies, (5) development of skills and 
competencies in the area of systems strategy, systems architecting, and systems 
integration, focusing on both soft systems and hard systems, and (6) develop
ment of technologies that leverage the skills and knowledge of users. 

Particular emphases of macroergonomics efforts are being directed toward 
facilitating development of agile manufacturing enterprises. There is a need for 
new methods and tools to support an interdisciplinary approach, with special 
emphasis on combining top-down and bottom-up methods, holistic approaches, 
organizational simulation, appropriate and selective use of technology, increased 
user involvement, rapid prototyping, etc. The macroergonomic discipline has an 
important role to play in both advanced manufacturing technology development 
and in defining various technology systems and their usage (Forsythe & 
Karwowski, 1995; Karwowski et al., 1994). For example, a challenge of agile 
manufacturing is socio-informational in nature (Forsythe & Ashby, 1996), as it 
imposes new demands on managers and floor workers. Empowerment of product 
development teams and increased openness of information sharing may lead to 
decreased power on the part of management. At the factory floor level, there is 
an increased responsibility on the part of the workers who are brought into the 
product development and decision-making processes, and the threat posed by 
computerization and automation of fabrication and assembly tasks. 

Contemporary manufacturing faces increasingly competitive global markets 
of the 21st century by adopting new management and technology concepts, 
including the ability to develop and make new products rapidly (Forsythe & 
Karwowski, 1995; Kovac, 1993; Nagel & Dove, 1992). In recent years, the 
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manufacturing industry experienced an infusion of information-based tech
nologies and pronounced changes in work culture and work practices. Macroer
gonomics plays an important role in assuring that the technical and social 
objectives of information-based manufacturing are met, and in shaping the new 
manufacturing paradigms of the future. 
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INTRODUCTION 

Macroergonomics is concerned with human-organization interface (HOI) tech
nology, which includes the systematic consideration of the personnel subsystem 
(see Chapters 1 and 3). As described in Chapter 3, macroergonomics involves 
designing the work system to be compatible with the psychosocial and skill char
acteristics of the people who will constitute the personnel portion of the system. 
Accordingly, the personnel subsystem also involves the analysis, design, and 
evaluation of training systems to ensure that they meet the personnel subsystem 
requirements of the work system. Today, many organizations are developing 
training programs to meet the demands of both complex external environments 
and new technologies being introduced into the workplace. 

Training is an integral part of a larger work system, with the individual or 
end-user in the center. It is important that the entire work system be taken into 
account, including the balance of the interrelated system elements. These work 
system elements include: job design, environmental design, technology, and the 
work system's structure and processes. All of these integrally related system ele
ments should be considered to enhance productivity effectively and minimize the 
negative health and safety effects arising from poorly designed work systems. 
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These training elements, processes, and models are applicable to a broad 
spectrum of work environments and conditions, such as aviation maintenance 
(Robertson, 1998), manufacturing, telecommunications, government, military, 
utility, and service organizations, among others. The effectiveness of these 
training programs varies, depending on several issues such as the organization's 
culture. 

When a macroergonomic approach is taken, training is part of a comprehen
sive, systematic approach to enabling knowledge within an organization. This 
approach enables training to play a key role in linking an organization's corpo
rate goals with organizational effectiveness and facilitating required change 
processes. Training programs can modify how people work together, solve 
work-related problems, and actively fulfill their role in implementing workplace 
solutions. For instance, when a successful office ergonomic training program is 
implemented, the result is an increased ability for the worker to change his or her 
work environment, reduce exposure to work-related risk factors, and promote 
healthy work practices. High-quality training also incorporates a "participatory" 
approach, in which end-users, managers, designers, support staff, and others are 
involved. A participatory approach assures that each employee develops the 
knowledge, skills, and motivation to feed back useful suggestions for improve
ments to the organization, including its work system design (see Chapter 2). For 
example, it is this participatory aspect, along with the ergonomic training, that 
forms the basis for creating an improved work environment and continual work 
system improvement within the organization. 

To illustrate macroergonomic aspects of the instructional systems design 
(ISD) process, this chapter will provide an overview of a macroergonomic train
ing approach to designing, implementing, and evaluating ergonomic training 
programs. A case study then will be presented to illustrate the macroergonomic 
ISD model. The case study demonstrates the applicability of this macroergonom
ics training model in the occupational context of aviation maintenance opera
tions. The goals of the training programs were to reduce human error and 
improve safety in aviation maintenance environments. Elements necessary 
for successful programs and training models for designing and evaluating the 
effectiveness of training programs are also presented. 

MACROERGONOMIC COMPONENTS 
OF A SUCCESSFUL TRAINING PROGRAM 

Successful training programs consistently incorporate several critical components. 
These include creating a responsive organizational environment, supporting active 
participation, developing active learning experiences, creating continuous learning 
and improvement pathways, providing continuous feedback, training supervisors 
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and middle managers, having senior management support and commitment, and 
using an instructional systems design model. Each component is discussed below 
along with examples. 

Creating a Responsive 
Organizational Environment 
Training of managers and supervisors also is necessary in order to provide a 
responsive environment in which employees are encouraged to utilize their train
ing through reinforcement and reward. Because supervisors have more influence 
on the daily performance of individual employees, their participation in the train
ing process is essential for the success of the ergonomic training program. 
Luopajarvi (1987) found that supervisors responded best to training that empha
sized situations over which they had some measure of control, and that such 
training made them more cooperative and supportive of change. This type of 
training assures that supervisors learn to respond effectively to suggestions 
regarding office ergonomics given by employees. 

Supporting Active Participation 
Participating in the creation, development, and implementation of a training pro
gram stimulates a feeling of individual ownership. Active involvement creates a 
sense of commitment to supporting the training program goals and a willingness to 
engage in the required cultural change process. Being a member of a team that is 
designing and implementing an office ergonomic training program is motivating, 
rewarding, and beneficial to the individual and the organization. Working together 
on a cross-functional, interdisciplinary team provides a unique strength in design
ing and developing a training program. If there is a lack of active worker participa
tion in the training program, workers' motivation for, and understanding of, the 
material presented is low and their resistance to change is high (Luopajarvi, 1987). 

Developing Active Learning Experiences 
More effective instructional methods, sometimes called "inquiry" or "discover" 
learning, emphasize the involvement of learners. These methods include trainees 
by having them participate in problem-solving activities and group discussions. 
The strength of this approach is that the use of group exercises and related case 
studies promotes an active learning environment. It creates an interactive, highly 
motivating approach, since the trainees are doing more than just passively 
receiving the information—they are actively applying and using the concepts and 
skills. To further strengthen this approach, training courses can be cofacilitated 
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with the trainer by trained workers who are knowledgeable in specific work 
requirements and processes. These facilitators can encourage students to partici
pate by bringing "real world" experiences into the classroom. Often, these em
ployee facilitators are viewed as relevant and valid experts. If the class makeup 
consists of individuals from various job positions in the organization, active and 
interactive discussions can occur providing an ideal opportunity to discuss "real" 
problems together. 

Continuous Learning and Improvement 
Every work system changes over time. For example, in the systems approach, 
office ergonomic training and practice must be viewed as part of the overall 
health, safety, and ergonomic program. As such, the training program must be 
adapted to other kinds of changes that occur in the work system—such as the in
troduction of new technology or new work procedures—as well as to changes in 
health and safety practices. The idea of continuous change and adaptation is fun
damental to making any work system responsive to the needs of the workers, as 
well as to changes in the organization's technology or relevant external environ
ment. Financial and organizational resources must be committed to actively 
support the change process. For example, with respect to changes in the organi-
zation's safety culture, this includes the commitment of human resources within 
the company, such as administrators, trainers, and curriculum developers, and 
media and computer application developers. Continuous improvement is not a 
short-term activity. Rather it requires long-term management commitment to 
continuously adapt and improve the program. 

Providing Continuous Feedback 
Performance improves more quickly when people are given feedback (Hackman & 
Oldham, 1976, 1980). Feedback provides information to accomplish two key 
performance improvement goals: (1) improve the training program and identify 
necessary corrective actions, and (2) reinforce the positive outcomes and benefits 
of using the learned skills in the workplace. 

Senior Management Support 
and Commitment 
The foundation of any successful organizational training program is senior 
management support; for example, if an office ergonomic training program is to 
be successful, senior managers must have the vision and commitment to reduce 
adverse health effects and increase employee quality of work life, as well as 
productivity, through the application of office ergonomics. When top decision 
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makers clearly support the mission and purpose of an office ergonomic program, 
an organizational culture and safety climate change can occur (e.g., see Chapter 
8). Without such a commitment, a pervasive organizational change is unlikely. 

Training for Supervisors 
and Middle Managers 
Linked to senior management support is training for supervisors and middle 
managers. These individuals interact daily with the workers who are ultimately 
responsible for implementing the new strategies. Mid-level managers also need 
the support of upper-level management in implementing the new skills, knowl
edge, and practices in the work system. This support can take many forms, but 
certainly includes the time to attend appropriate training courses. With this com
mitment, supervisors will have the opportunity to use their own enhanced skills 
and knowledge. Most importantly, they will know what behaviors to look for to 
reinforce in their trained employees. 

Using an Instructional 
Systems Design Approach 
Designing an effective training program should include several processes and ac
tivities including: (1) conducting a needs or front-end analysis, (2) designing the 
training materials, (3) developing the training materials, (4) implementing and 
delivering the training, and (5) evaluating and measuring the effectiveness of the 
training. There are several ISD models, and each one incorporates these basic 
processes or phases to create effective training programs (e.g., Gagne, Briggs, & 
Wagner, 1988; Gordon, 1994; Goldstein, 1993; Mager, 1984). For each instruc
tional system development stage, different types of information are conveyed 
and different techniques are used to analyze the collected information. See 
Fig. 12.1 for the ISD model and phase activities. 

Conduct a Front-End Analysis—Phase 1 

A front-end analysis is conducted to determine strategic training needs and to 
assess the company's return on investment in training. A training design team 
first identifies the organizational and trainee needs and constraints before it be
gins designing the training program. Analysis is the foundation for all later work 
related to implementing a training program. A thorough needs assessment helps 
reduce the risk of funding inappropriate or unnecessary training. Training should 
be developed by a team that includes, among others, training professionals, a 
human factors/ergonomics practitioner, and, as applicable, various maintenance 
or operations supervisors and workers. 
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FIG. 12.1 . Instructional system design phases, activities, and 
feedback loops. 

Needs Analysis. In the needs analysis phase, an organizational, task (job), 
and person analysis is conducted. Two questions need to be answered: "What is 
the current performance of the organization and the workers?" and, "What is the 
desired performance for the organization and the workers?" The derivation of 
the training objectives and their linkage to the corporate goals are accomplished 
at this stage. If the performance problem is identified as a lack of knowledge, 
skill, or ability of the workforce, then a training program should be designed as a 
necessary intervention strategy. However, if the needs analysis uncovers that the 
performance problem is due to a poorly designed work system, then training is 
not the only intervention solution. Also accomplished in this phase is developing 
the criteria for evaluating and measuring training effectiveness. These criteria are 
linked to the training objectives and are established at the trainee, departmental 
(strategic business unit), and organizational performance levels. 

Organizational Analysis. Organizational analysis consists of (1) an evalu
ation of the organization and/or industry in which the trainee performs his or her 
job and (2) an evaluation of the organization or unit expected to provide the 
training. There are a number of methods that can be used to obtain information 
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and collect data for an organizational analysis. Probably the most efficient ap
proach is a combination of document analysis, interviews, and questionnaires; 
that is, the training designer would start by obtaining and analyzing organiza
tional documents. Once this has been completed, a few key interviews will yield 
additional relevant information. This information is verified on a wider popula
tion sample via questionnaires. The training design and development team is se
lected during this phase of the process. It is critical to the success of the training 
program to include representatives from all of the essential areas of the orga
nization. Likewise, senior management must allow team members to devote the 
necessary time to the project. Organizational analysis determines the probable 
cause(s) of performance gaps and includes a distinction between needs that can 
be solved by training and needs that must be addressed by a change in organiza
tional procedures or policies. Of course, if an incompatible work system design 
is suspected, a macroergonomics analysis of the work system's structure and 
processes and any resultant work system changes should be completed first (see 
Chapters 3 and 4). 

Tasks Analysis. Task analysis determines the tasks required in a job, the 
subtasks that costitute each task, and the knowledge and skills required to suc
cessfully complete these. Task analysis helps the instructional designer deter
mine exactly what the learner needs to be able to do. It also allows the designer 
to develop objectives from the task elements. A task analysis may be accom
plished by: (1) observing a skilled and knowledgeable employee, (2) reviewing 
documents/manuals on the tasks, (3) interviewing employees who perform the 
tasks, and (4) performing the tasks. It is critical to remember that the best se
quence for instruction might be quite different from the sequence of tasks in the 
workplace. An instructional designer may be able to generate the instructional 
objectives directly from the task analysis results. 

Trainee Analysis. Trainee analysis is performed to identify the relevant 
characteristics of the learners who will be participating in the training program. 
These characteristics and associated learning issues are presented in Goldstein 
(1993) and Gordon (1994). 

Design—Phase 2 

In the design phase, results of the needs analysis are used to determine 
how the training objectives are going to be met. This involves determining the: 
(1) training prerequisites, (2) trainee population, (3) desired learning outcomes 
(e.g., knowledge, skills, and abilities in cognitive, affective, and psychomotor 
domains), (4) training media and techniques, (5) training environment, (6) learn
ing conditions (e.g., individual differences), (7) instructional strategies, and 
(8) learning principles. Contextual factors involving organizational, environmental, 
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and social issues, such as designing training for newly hired workers versus ex
perienced workers, are determined in this phase. Because training occurs within 
an organizational culture, how the organization values the training and its inte
gration and link to the corporate strategy must be accounted for in this design 
phase. Information derived from the needs analysis phase is used to identify 
these factors. 

Specifying the selection of instructional strategies must be determined before 
developing the training materials themselves. This selection also is needed to 
outline how the instructional activities will relate to the accomplishment of the 
training objectives and goals. Gagne, Briggs, and Wagner (1988) propose a se
ries of nine instructional events that must occur for learning to take place that 
apply learning theories to the development of training. These nine events 
include: (1) gaining attention of the trainee, (2) informing the trainees of the 
training objectives, (3) using recall or transferring from the trainee's existing ex
perience, (4) presenting training material to be learned, (5) providing learning 
guidance or elaboration, (6) eliciting desired performance, (7) providing feed
back, (8) assessing performance, and (9) enhancing retention and facilitating 
transfer of training to actual task performance. 

Optional selection of the training delivery system is conducted by matching 
the training media strengths with the identified training objectives as determined 
in each instructional event. Different instructional media have different capabili
ties and strengths for providing the various events of instruction. For example, 
Fig. 12.2 presents a media decision table in which an instructional designer makes 
a series of decisions depending on the type of learner reaction(s) required. In de
veloping an instruction strategy, the choice of the training delivery system can be 
assigned event-by-event and objective-by-objective in order to accomplish the 
training goals. 

Evaluation of the resources available for the development and delivery of 
the training program also is necessary. This consists of identifying various 
constraints, such as the availability of equipment, time, money, and instructors. 
This information is transformed into a set of functional design specifications, 
a specific list of training goals, and system requirements that will provide the 
boundaries of the training program. 

This phase of the ISO model involves developing the goals and objectives 
of a training program, selecting the instructional content, specifying the instruc
tional strategies, designing evaluation instruments, and specifying the training 
media. The design process consists of four levels: (1) program, (2) curriculum, 
(3) course, and (4) lesson (Hannum & Hansen, 1992). Program and curriculum 
are associated with a macro (general) type of organizational analysis (Hannum & 
Hansen, 1992). Training is linked with the strategic plans of the organization 
and a series of course needs is identified for different groups of trainees. The 
course and lesson levels are defined as the micro type of planning, such as devel
oping instructional objectives, learning task hierarchies, evaluating and testing 
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FIG. 12.2. Media selection model. 

procedures, and selecting media (Hannum & Hansen, 1992). At this point, 
decisions are based on instructional theory and research. Thus the designers are 
concerned with the learners' ability to understand, remember, and transfer the 
training concepts to the work site. A training program can include several curric
ula. Each curriculum consists of a series of courses and each course will usually 
include a number of different lessons. The time required to design a curriculum 
containing several courses varies from a few weeks to a few months, depending 
on the level of effort expended and the complexity of the curriculum. Designing 
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a course might require several days to a week. A lesson usually can be designed 
in 1 to 3 hours. 

Micro Design. During micro design, the course and instructional objectives 
and course and lesson plans are developed. The learning task hierarchies, testing 
evaluation procedures, and finally, the training media are all created and devel
oped. Course-level design requires a careful analysis of goals and objectives to en
sure they are observable and measurable. Learning objectives—what the trainees 
are expected to know and be able to do after training—guide the selection of "en
abling objectives." Course prerequisite knowledge and skills are established. The 
differences between pretraining and posttraining knowledge and skills are trans
formed into learning objectives for individual lessons. The learning objectives are 
organized into a learning objective hierarchy. Lesson plans are then developed to 
implement the objectives and determine the sequencing of the course. 

Organizing and Sequencing Instructional Content. To organize and 
sequence training program content, assigning large units of related content to 
courses is completed first. Then the related content within each course is grouped 
into individual lessons. Finally, the content of each lesson is analyzed to deter
mine the necessary supporting content or prerequisite knowledge and skills. 
Once the content of individual lessons is set, the instructional events that are 
components of a lesson are developed and sequenced. The first step in organiz
ing and sequencing courses for a given curriculum is to link the courses with 
their expected outcomes and instructional objectives. Related instructional goals 
are organized into course groups. A course typically contains several lessons 
completed over several days. 

Learning Task Analysis. It is important to determine exactly what a person 
must learn in a training course in order to reach the desired performance goals. The 
task analyses that were conducted in the needs assessment phase are used as the 
starting point for a learning task analysis. To complete a learning task analysis, 
the types of learning, and the learning domain implied by each instructional goal 
are identified. The different learning domains are: (1) intellectual skills—skills in
cluding understanding and articulating concepts, rules, and procedures, (2) infor-
mation—ability of individuals to verbalize declarative information, (3) cognitive 
strategies—acquiring strategic knowledge, (4) attitudes—emotions and values 
adopted by trainees, and (5) psychomotor skills—skills involving muscle develop
ment and coordination (Gagne, Briggs & Wagner, 1988). Because the learning 
outcomes are different in each domain, analyzing these learning outcomes requires 
different techniques. Once the particular domain is identified, the appropriate 
analytical technique can be applied. As human performance is organized by these 
categories of learning outcomes, understanding and identifying these learning 
outcomes help determine the appropriate instructional conditions for the trainees. 
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Sequencing Instructional Content. There are two aspects to sequencing 
lessons: (1) instructional content and (2) instructional events (Hannum & 
Hansen, 1992). Instructional content includes those facts, ideas, concepts, skills, 
etc., that are defined in the instructional objectives. This is the material instruc
tional designers expect the learners to master by going through the lesson. 
Instructional events are those features of a lesson that, when present, facilitate 
learning. These include informing the learner of the objectives of the lesson, pro
viding examples, and giving feedback. The content in different learning domains 
has a different natural organization; for example, motor skills have procedural 
structures, intellectual skills have learning prerequisite structures, and attitudes 
have a behavioral structure. These different structures imply different instruc
tional sequences. There is not one instructional sequence that is effective for all 
types of instructional outcomes. Learning is more complex than that. Different 
types of instructional content, i.e., different domains of learning, require differ
ent instructional sequences. 

Learning Objectives and Hierarchy. The learning objectives related to 
each learning outcome are ordered so that an instructional designer can specify 
the level or depth to which the potential learners must be brought in order to 
know the information. The use of learning categories ensures that instruction 
is properly focused. Identifying and understanding the learning outcomes can 
ensure that it is implemented in a logical and sequential manner. 

Performance Objectives. Developing and writing performance or instruc
tional objectives should follow the "ABCD" format as described by Knirk and 
Gustafson (1986). It is more important to include all four components than to 
follow the exact sequence implied by the format. Clearly stated and written 
performance objectives establish the basis for evaluating the training. Basically, 
instructional designers are trying to determine whether the trainees have success
fully accomplished the stated instructional objectives. Learning objectives can 
serve as an organizer for trainees. These objectives explicitly state what trainees 
are expected to learn and demonstrate. 

Specifying Training Media. After instructional objectives have been 
developed, designers must select instructional strategies and media. These deci
sions tend to be interrelated and should be made concurrently. Many instruc
tional strategies use a combination of methods and media to deliver training. The 
instructional medium should present instructional stimuli in an efficient, easily 
understood manner. Complex media, which tend to be costly and time consum
ing, are often inefficient and unreliable. Use the least expensive medium that will 
result in trainees' attaining the desired objectives within a reasonable amount of 
time. Choose as the primary medium of instruction one that is appropriate for 
the majority of objectives—one that can be used throughout the instructional 
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program. Additional media, such as simulations or animated visualization, can 
be used for emphasis or motivation. It is desirable to have a mix of instructional 
methods that actively involve the learners. Frequent media changes are often 
confusing, time consuming, and expensive. Interactive exercises, role playing, 
and games or simulations that involve the trainee, promote the sense that the 
training is relevant and useful. 

A method of making media selection decisions is to relate the general domain 
of each objective to student grouping requirements (Goldstein, 1993; Salas, 
Dickinson, Converse & Tannanbaum, 1992); for example, if the course objec
tives are at the lower end of the cognitive taxonomy (e.g., knowledge of specifics 
and comprehension), then certain types of teaching activities or media are more 
appropriate for individualized instruction. Others may be more appropriate for 
group instruction. 

Training Plan: Course Outline and Lessons. A training plan provides a 
blueprint for training development. This includes providing a description of the 
training objectives, content, media, training aids, and other elements required for 
actual instruction, and estimated time required for each training topic. 

Design of Evaluation Instruments. Evaluating the training program 
involves measuring the degree to which the learning objectives were met. Using 
the information from the task analyses and the learning objectives hierarchy, 
one can establish performance criteria that can be subsequently measured and 
evaluated. These training evaluation instruments may include: (1) questionnaires, 
(2) observations, (3) interviews, (4) verbal protocols, (5) task performance mea
sures, and (6) work unit and organizational performance measures. Certain instru
ments collect essential training-related performance data before and after the 
training takes place. These assessment tools are used at different times during 
the training evaluation process (Cannon-Bowers et al., 1993; Goldstein, 1993; 
Gordon, 1994; Kirkpatrick, 1979). Table 12.1 presents a typical evaluation as
sessment process (Cannon-Bowers et al., 1993; Gordon, 1994; Hannum & 
Hansen, 1992; Kirkpatrick, 1979). Creating an evaluation plan during the design 
phase will ensure that the process is more efficient and provides useful informa
tion. The evaluation process establishes the link between the goals and objectives 
of the training program and its results. Information collected from the course eval
uation creates an important feedback loop—demonstrating the overall effective
ness of the training. This information is also useful for course revision. 

Development—Phase 3 

Developing the training materials is the next phase in the instructional system 
design processes that includes developing all training materials, in whichever 
media are selected during the design process. It is important to note that the 
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TABLE 12.1 
Evaluation Process—Five-Level Process and Evaluation Measures 

Five-Level Process Examples of Evaluation Measures 

1. Baseline Measurements taken prior to implementing the alternative 
Assessment (intervention). Measures could include: 

• Health and safety performance indicators (e.g., lost work days, 
absenteeism, frequency, and severity rates) 

• Productivity data (e.g., individual performance, strategic business 
units, organizational performance, market share, customer satisfaction, 
balance scorecard) 

• Users' and managers' current skills, knowledge, abilities, attitudes, and 
opinions 

• Time series and trend data is preferred, several months to a year of data 
continuously collected before implementation of alternative 

2. Reaction Users' and managers' reaction to the intervention; including managerial 
response. Measures could include: 

• Surveys 
• Semistructured interviews 
• Users' perception of the usefulness and relevancy of the intervention 

to their job 

3. Learning Users' and managers' degree of learning (knowledge, skills, and abilities). 
Measures could include: 

• Surveys (same as preknowledge) 
• Semistructured interviews 
• Observations; attitude change, opinions 

4. Performance Users', Managers', and business unit performance. Measures could include: 

• Surveys; self-reported performance, perceptions, intent of behavior changes 
• Semistructured interviews: attitude, behavior, and productivity changes 
• Observations: behavior changes; team performance changes (collaboration 

and communication) 
• Unit or departmental performance measures (e.g., products, project 

completion; quantity and quality of service) 

5. Organizational Performance and productivity measures. Measures could include, similar 
Results to baseline tracking measures: 

• Safety and health performance measures (e.g., lost work days, frequency, 
and severity rates) 

• Strategic organizational performance measures (first to market, 
product innovation, customer satisfaction) 

instructional design process itself determines the effectiveness of a training 
program, not the training media and technology. If sound instructional design 
principles are used, the instructional designer will choose instructional or other 
technologies that meet the functional and training requirements. Because various 
media interact with certain instructional methods, the development phase 
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involves piloting and walkthroughs of all training modules. During this phase, 
instructional strategies are applied sequentially to each training activity, then the 
most effective media delivery techniques are selected. Additionally, the format 
of delivering the training is determined, that is, it may be instructor/facilitator 
controlled, performance controlled, or trainee self-paced style. 

Training Plan Development. The primary activities in the development 
phase are developing training materials and media, as well as developing and 
testing prototypes. Training materials are modified during this phase, based on 
the results of prototype and user testing. An outline of typical activities for 
selecting and developing training materials is shown below (Gordon, 1994; 
Hannum & Hansen, 1992; Knirk & Gustafson, 1986): 

• Create a development plan 
• Search for existing content related training materials 
• Evaluate existing instructional materials 
• Match objectives with training content and materials 
• Make trade-offs of objectives and training materials (economic and effec

tiveness) 
• Examine copyright requirements (obtain copyright permissions) 
• Revise/modify existing training materials 
• Develop and produce new training materials 
• Develop facilitator and participant handbooks 
• Prototype and walk through new training materials 
• Revise/modify new training materials and handbooks 
• Final user testing of training materials and handbooks 
• Final development of training materials and handbooks. 

A training development project should specify the following elements (Gordon, 
1994): 

• Personnel—training and human factor specialists, content specialists 
(maintenance) 

• Budget—money to develop the training materials and handbooks; personnel 
cost of developing the course; travel time and expenses; evaluation costs 

• Equipment—technical equipment, audio/video facility, video cameras, studio 
equipment, editing equipment, audio equipment 

• Outside services and consultants—scriptwriters, actors, graphic designers, 
videographers, computer programmers. 

• Tasks and activities to be completed and by whom 
• Training tasks and activities timeline. 

Developing Training Materials. The media selection model(s) chosen in 
the design phase will serve as the framework for developing training media. 
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Before beginning production, instructional objectives should be reviewed to 
confirm their sequential order. Conceptual sketches and outlines of the audio
visual aides are developed and then reviewed by other members of the design 
team and relevant subject matter experts. 

Storyboard Scripting. Developing a script requires the instructional de
signers and other team members to think visually. Sound and the written word 
are often not as reliable as a visual presentation for enhancing the trainees' reten
tion. Visuals can carry the message and narration can be used to clarify and rein
force the visuals. The development team should be certain that the graphics, 
written material, and audio support each other. Scripting the training materials 
requires the instructional designer to: (1) clarify difficult points through visual 
illustrations, (2) simultaneously present to two different human senses, i.e., see
ing and hearing, (3) determine the best approach to convey the message quickly 
and clearly, and (4) isolate and focus the trainees' attention on the central points 
specified by the performance objectives (Gagne et al., 1988; Knirk & Gustafson, 
1986). 

Walkthrough and Formative Evaluation. It is much easier to modify the 
training materials during the design and development cycle, rather than after the 
training program has been implemented. Conducting a formative evaluation of 
the training program while the training materials are in a draft form allows 
essential and meaningful feedback to be collected from the learners. A simple 
formative evaluation consists of having a pilot trainee group read and review a 
storyboard. It should also measure the usefulness of the materials. User teaming 
will give the development team a good idea whether the general training ap
proach is a sound one. Table 12.1 lists various formative evaluation methods, 
primarily at the second and third evaluation levels (trainees' reaction and 
learning) (Cannon-Bowers et al., 1989; Gordon, 1994; Kirkpatrick, 1979; Knirk & 
Gustafson, 1986). The advantage of user testing is that it allows the design team 
to solicit meaningful feedback from the users. Early user testing can reduce 
program costs and increase the probability that the product will perform as 
required. 

Final Development and User Testing. After the prototyping and walk
throughs have been completed, the training materials are put through the final 
development and production steps. After the production training materials are 
available, but before they are actually implemented, they should be subjected to 
one more stage of user (learner) testing. 

Facilitator and Trainee Handbooks. After the final user testing is 
completed and the training program is ready to move into full development and 
production, facilitator and trainee handbooks should be developed. Typically the 
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facilitator handbook contains the following elements: (1) a detailed outline of the 
instructional sequence, (2) a description of the course and lesson goals and 
objectives, (3) a narration of the visuals to be presented, (4) the training time 
frame, (5) administration issues and guidelines, (6) description of the group exer
cises, (7) a list of the participant and facilitator materials, (8) a list of reference 
materials, (9) a description of how to set up the training classroom, and (10) a list 
and description of the evaluation instruments (Dupont, 1997; Robertson, 1998; 
Robertson & Endsley, 1997). 

Implementation—Phase 4 

Implementing the training is the next phase, consisting of scheduling how and 
when the training is to be delivered. In this phase, the overall training implemen
tation plan is developed and the training is actually conducted. If the training is 
delivered in stages, it is possible to conduct further formative evaluations and 
revise the training program and materials before full production and implementa
tion. A spreadsheet can be created that includes the schedule for delivering the 
training. It also is possible to purchase various computer-based management 
programs that can provide a framework for structuring the training schedule. An 
important program element that must be addressed during this phase is to gain 
(or reconfirm) management's commitment to deliver the training program and 
provide the necessary resources to successfully implement the course. 

Facilitator Training. During the implementation phase, the facilitators 
must be formally trained. It is possible that the facilitators are part of the design 
and development team and require only a minimal level of training. However, 
in many instances the facilitators or instructors will not have taken an active part 
in designing the training program and will need assistance. If they have been 
identified previously, facilitators can practice delivering the training lessons 
during the formative evaluation and user testing stages. In this way, immediate 
feedback can be provided to the instructors as part of the overall evaluation 
process. 

Evaluation—Phase 5 

Planning for evaluation should take place during the design phase. Evaluation is 
important in order to: (1) determine if the training meets the objectives, (2) deter
mine if the entire training program meets its goals, (3) provide feedback to the 
facilitators, (4) provide feedback to the trainees, (5) provide feedback to top 
managers and the organization as a whole, and (6) review and improve the train
ing program. The evaluation process should measure the effects of training on 
the variables that have been identified as being important. Evaluation "criteria" 
are those variables that represent the specific factors course designers have 
targeted during the development process. These criteria are based on the training 
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objectives and goals and are established in the needs assessment and design 
phases. 

Evaluation Process. There are two types of evaluation: formative and 
summative (Gagne et al., 1988; Goldstein, 1993; Knirk & Gustafson, 1986). 
Formative evaluation was discussed in the design and development phases as 
part of the user prototyping activities. Summative evaluation is conducted after 
the training course has been developed, implemented, and delivered. Summative 
evaluation typically determines the extent to which the training program has 
been successful in meeting its stated training, behavioral, and organizational ob
jectives. It also determines the value of the training program, and what modifica
tions need to be made to make it more effective. A summative evaluation should 
be conducted using the following general principles: (1) conduct the evaluation 
in an environment that is as similar to the ultimate job environment as possible, 
(2) conduct the evaluation after a realistic period of time (preferably 2, 6, and 12 
months following training), and (3) conduct the evaluation based on the targeted 
job tasks and conditions (Gordon, 1994; Knirk & Gustafson, 1988). 

Evaluation Model. Table 12.1 lists various methods for evaluating training 
courses (Cannon-Bowers et al., 1993; Goldstein, 1993, Gordon, 1994; Hannum & 
Hansen, 1992; Knirk & Gustafson, 1986; Kirkpatrick, 1979). These levels of 
evaluation and the types of data that can be collected provide for a solid frame
work in evaluating a training program. Evaluating the effectiveness of the training 
program and providing feedback to the organization and trainees is the last phase 
in the instructional system design. When the training results match the training 
goals and objectives, the training program can then be concluded to be effective. 

A systematic, multiple measures, five-level training evaluation model can be 
used for evaluating training effectiveness (Gordon, 1994; Kirkpatrick, 1979). 
This five-level evaluation model process includes: level I, training baseline 
assessment; level II, reaction to the training program; level III, learning of princi
ples, facts, techniques, and attitudes; level IV, behavior relevant to job perfor
mance; and level V, results of the training program related to organizational 
objectives. Measurements that may be taken at each of these training evaluation 
levels are as follows: level I: baseline measures of performance and organiza
tional measures prior to training; level II, posttraining questionnaire asking the 
trainee to evaluate the value and usefulness of the training; level III, pre- and 
postquestionnaires/tests assessing how well the trainee learned the information 
taught as well as observations/interviews with the trainee; level IV, assessment 
of the trainees' behavior on the job—how well the trainee was able to transfer 
the knowledge and skills to the job—this may be completed by observations 
and/or interviews; and level V, results and impacts of the training program on or
ganizational performance measures, which requires benchmarking and tracking 
of organizational performance measures. 
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CASE STUDY: HUMAN FACTORS 
TRAINING IN AVIATION MAINTENANCE 

Background of Program 
Aviation maintenance operations are complex, demanding, and dependent on 
good communication and teamwork for their success. Success in aviation mainte
nance is measured by the safety and quality of a maintenance operation. Aviation 
maintenance operations are most successful when crews function as integrated, 
communicating teams, rather than as a collection of individuals engaged in inde
pendent actions. Over the past decade, the importance of teamwork has become 
widely recognized (Maurino, Reason, Johnston & Lee, 1995; Robertson, 1998; 
Rogers, 1991; Taylor & Robertson, 1995). This has resulted in the emergence 
of maintenance resource management (MRM) training programs and other safety-
related programs within the aviation community. 

MRM training is a human factors intervention designed to improve communi
cation, effectiveness, and safety in airline maintenance operations. Effectiveness 
is measured through the reduction in maintenance errors and the increase in indi
vidual and unit coordination and performance. MRM training also is used to 
change the "safety culture" of the work system by establishing a positive attitude 
toward safety among the maintenance personnel. Attitudes, if positively rein
forced, can lead to changed behaviors and performance. Safety typically is mea
sured by occupational injuries, ground damage incidents, reliability, and aircraft 
airworthiness. MRM improves the reliability of the technical operations pro
cesses by increasing the coordination and exchange of information among team 
members, and among teams of airline maintenance crews. 

Within their programs, airlines may use MRM principles differently. Based on 
human factors principles (e.g., engineering, cognitive psychology, work physiol
ogy) and the research literature in the behavioral sciences (e.g., industrial psychol
ogy, organizational behavior), MRM programs link and integrate traditional 
individual aviation human factors topics, such as, equipment design, human anthro
pology and biomechanics, cognitive work load, and workplace safety and health. 
MRM principles are best understood through training programs, however, the goal 
of any MRM training program is to improve work performance and safety, and 
reduce maintenance errors through improved coordination and communication. 

One of the early activities when starting a MRM program (or, as previously 
noted, any training program) is to gain the understanding, commitment, and 
visible support of the senior management in the company. Management must ac
tively support and value MRM. The relevance of the MRM program to business 
objectives must be clear or management will question the investment in time and 
costs associated with such a program. It may also be necessary to develop some 
simple return on investment models to justify implementing the program; for ex
ample, the cost of one ground damage incident, inflight shutdown, or turnback, 
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versus the cost of a MRM training course and related reduction in maintenance 
errors and increased safety results is a positive return on investment. 

Once support has been established, the first step toward designing a MRM 
training program is to take a macroergonomic perspective and step back and view 
the entire maintenance operation as a larger "system." This system is composed 
of numerous subsystems, including: aviation maintenance technicians (AMTs), 
engineering, quality control, planners, document support, inspectors, maintenance 
control, materials and stores, management, and administrative support. When 
viewed as a system, it is apparent that the overall success of the maintenance op
eration is dependent on the quality of information exchanged among the team 
members making up each function, and among the functions themselves. 

Once the functions involved are identified, and their roles understood, a MRM 
training program can be designed. However, as with senior management, it is im
portant to establish a clear rationale for all employees in maintenance operations 
about the relevance of the MRM program to the airline business. For instance, if an 
objective of the airline is to reduce errors and increase safety, then the training pro
gram should include examples of how the principles and concepts being taught in 
the MRM training are directly related to these goals. It is important for employees 
to understand the relevance of any changes they make in their work, and the effort 
they must put into that change, to the broader business objectives of the airline. 

An MRM training program has many facets, but they are all focused on improv
ing communication, coordination, and safety. A typical MRM training program 
addresses each of the following components (Dupont, 1997; Robertson, 1998): 

• Understanding the maintenance operation as a system 
• Identifying and understanding the basics of human factors issues 
• Recognizing contributing causes to human errors 
• Situation awareness 
• Decision-making skills; leadership 
• Assertiveness (how to effectively speak up during critical times) 
• Peer-to-peer work performance feedback techniques 
• Stress management and fatigue 
• Coordination and planning 
• Teamwork skills and conflict resolution 
• Communication (written and verbal) 
• Norms 

Training Concepts for MRM Programs 
The intent of this section is to present the training concepts that are most directly 
applicable to establishing an MRM training program. Each core concept is 
briefly described and, in the next section, specific methods to use in the develop
ment of a MRM training program are provided. 
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Systems Approach 

Maintenance resource management, as with other human factors-oriented 
processes, is based on a systems approach. It incorporates a variety of human 
factors methods, such as job and work design, and considers the overall socio
technical maintenance system. For example, the SHELL model (S = Software, 
H = Hardware, E = Environment, L = Liveware) shows how we define human 
factors as a system and illustrates the various interactions that occur between 
subsystems and the human operator (Hawkins, 1993; Robertson, 1998). 

The interactions in this model can affect both individual and team performance. 
MRM training typically focuses on the interaction between the individual AMT 
and other team/crew members; liveware/liveware interactions in SHELL terminol
ogy. This person-to-person interaction can be considered the micro level of 
communication and team building, while the interactions among teams and depart
ments is at the macro level. There also are external forces that can affect individual 
and team performance. These include political and regulatory considerations (e.g., 
FAA, OSHA, NTSB) and economic factors (e.g., global competition). Achieving 
the goals of MRM requires improving interactions at both the micro and macro 
levels. These improvements must occur within the context of external factors, and 
require an understanding of their effects. To this end, the SHELL model (Fig. 12.3) 
depicts a macroergonomic or systems approach to integrating human factors meth
ods and principles to design an MRM program (Robertson, 1998). 

Instructional Systems Design (ISO). The concept of the systems 
approach is exemplified by a hierarchical, top-down and bottom-up structured 
approach to instructional design and development. Identifying organizational 

FIG. 12.3. SHELL model: human factors. 
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needs and performance gaps focused on the macro level provides the program 
structure. Involving end-users and subject matter experts in designing and devel
oping training programs incorporates the bottom-up approach. Using a systems 
approach to design, implement, and evaluate an MRM training program ensures 
that it will meet the needs of both the learners and the organization. 

Continuous Learning and Improvement. The idea of continuous change 
and adaptation is fundamental to making any system responsive to the needs of 
its users. Continuous improvement is not a short-term activity. Rather, it requires 
a long-term management commitment of financial and organizational resources 
to continuously adapt and improve the program. 

Measurement and Evaluation 

Once an MRM program is in place, we must determine how well (or whether) 
it is working. This measurement and evaluation process is typically the weak 
link in the systems approach. However, it is necessary to measure the effects of 
the MRM program over time. It also is necessary to use multiple measures in 
order to gauge the effectiveness of the program. It is important to keep in mind 
that we are measuring not only the effects of the MRM training program, but 
also the effects of on-the-job MRM practice. 

Evaluation tools can include assessment instruments and questionnaires, be
havioral observation and analysis, and unit and organizational performance mea
sures (Cannon-Bowers, Salas & Converse, 1993; Kirkpatrick, 1979; Robertson, 
1988). These tools can be used to assess the cost of designing and delivering an 
MRM training course. In addition, performance measures establish the basis for 
calculating the company's return on investment regarding the effects of the train
ing program. 

Feedback 

Feedback provides information to accomplish two performance improvement 
goals: (1) identifying necessary corrective actions to improve the program, and 
(2) reinforcing the positive outcomes of using MRM skills. Internal newsletters 
can be used to describe specific MRM outcomes; for example, one organization 
reports how an MRM group exercise led to initiating a positive change in a spe
cific maintenance operation. A more active feedback method is to have AMTs 
write their own "MRM story" describing their experiences using MRM princi
ples and skills (Driscoll, 1996). 

Participation 

Participating in the creation, development, and implementation of an MRM 
program promotes a feeling of individual ownership and a sense of commitment 
to supporting the MRM program goals. Being a member of a team that is 
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developing and implementing a MRM program is motivating, rewarding, and ben
eficial to the individual and organization. Working together on a cross-functional, 
interdisciplinary team also provides a unique strength in designing and developing 
such an MRM program (Robertson, 1998). 

Active Learning 

As noted earlier, effective instructional methods, sometimes called "inquiry" 
or "discover" learning, emphasize the involvement of learners (Gordon, 1994). 
Active learning involves students by having them participate in problem-solving 
activities and group discussions. The strength of this approach for the mainte
nance environment is that the use of group exercises and maintenance-related 
case studies promotes an active and motivating learning environment, because 
since students are doing more than just passively receiving information—they are 
actively applying and using the various concepts and skills. To further strengthen 
this approach, training courses are cofacilitated by subject matter experts in main
tenance operations (e.g., AMTs, inspectors, QA). They encourage students to 
participate by bringing "real workload" experiences into the classroom. 

Transfer of Training 

For training to be effective, AMTs must be able to apply their newly acquired 
skills in their real work environment—a positive transfer of training. Transfer of 
training is enhanced by reinforcement from coworkers and supervisors. A prac
tice period occurs when AMTs return to their workplace after a training course. 
The reactions of others during the practice period either reinforces newly learned 
MRM skills or discourages their use. Therefore, it is important that managers 
receive MRM training in advance of the workers. Transfer of training also is 
enhanced when classroom exercises are similar to actual workplace experiences. 

MRM Evaluation: One 
Company's Experience 
Evaluation results of an MRM training program at a major airline company 
demonstrate positive and significant effects of the MRM training program 
(Robertson & Taylor, 1996; Robertson, Taylor, Stelly & Wagner, 1994; Taylor & 
Robertson, 1995). A systematic evaluation of the effects of the MRM team train
ing program on maintenance personnel attitudes and behaviors was used based on 
the five-level evaluation model described earlier (Robertson & Taylor, 1996; 
Taylor & Robertson, 1995). Multiple measures and assessments of the managers' 
attitudes and self-perceptions of behaviors, as well as maintenance performance 
results, were used spanning a 4-year period. This provided a unique opportunity 
to measure and track the long-term training effects. Analyses of the association 
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between attitudes and organizational performance over time were conducted. Data 
were gathered through the use of the "Maintenance Resource Management/ 
Technical Operations Questionnaire" (MRM/TOQ), on-site interviews and obser
vations, trends of maintenance performance measures, and attitude-performance 
analysis (Robertson & Taylor, 1996; Taylor & Robertson, 1995). 

Overall results of the evaluation demonstrated a positive and significant effect 
of the MRM training on attitudes, behavior, and organizational performance. The 
significant and positive improvements of the maintenance personnel attitudes 
reflected the expected and intended training effects on the participants' attitudes 
and their stability over time. Results of each of the evaluation steps are presented 
below. 

Step I Evaluation—Baseline Assessment. Two baseline measurements 
were taken before the training intervention occurred to measure any changes in the 
trainees' MRM attitudes and knowledge before the training commenced. With 
these two measurements prior to the training a stronger quasi-experimental field re
search design was created. There were no significant changes found in the AMTs' 
attitudes and behaviors as measured by the baseline and pretraining MRM/TOQs. 

Step II Evaluation—Reaction. This level of evaluation involved the partic
ipants' written reactions to the value and usefulness of the team training program 
as measured by the MRM/TOQ. Several questions were developed to assess the 
trainees' reactions to the training course materials, objectives, organization, train
ing climate, and instructor skills. This level of evaluation also served as a forma
tive evaluation of training materials and delivery methods in the initial phases of 
the training program. Level II evaluations showed that the participants' immediate 
responses to training were positive, as over 90% rated the training as "very useful" 
or "extremely useful," and over 96% felt that it was one of the best training courses 
they had attended. Another positive aspect of the course was having a mix of par
ticipants in the class. This was beneficial as the managers were able to gain an ap
preciation of other managers' job functions, what their constraints and problems 
were, and how the outputs of their jobs affected others in the work system. 

Step HI Evaluation—Learning. The knowledge gained, the immediate 
changes in the participants' attitudes, and the stability of these changes in time 
were measured by the pre- and posttraining MRM/TOQ questionnaires. Changes 
in relevant attitudes measured immediately before and after training were signifi
cant, with positive changes following training for three of the four attitude in
dices measured ("command responsibility," "communication and coordination," 
and "recognizing stressor effects"). The fourth attitude measure, "assertiveness," 
rose significantly between the postmeasure and the 2-month follow-up survey. 
Follow-up results indicated that all four scales remained high and stable over the 
2-, 6- and 12-month surveys following training. 
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Step IV Performance—Behavior. Step III evaluation results, derived and 
content coded from the open responses on the follow-up surveys, indicated how 
the trainees actually used the training on the job. The trainees' self-perception of 
their behavior on the job significantly shifted from "passive" responses (e.g., "be 
a better listener" and "being more aware of others") to improvement of more 
"active" responses (e.g., "having more daily meetings to solve problems," 
"gathering more opinions," and "getting more feedback from others"). Field 
interviews and observations over a 1-year period were conducted to validate the 
contents of the self-reported behaviors. 

Step V Organizational Results. Step IV evaluation examined trends in 
maintenance performance before and after the onset of the MRM team training 
program. One of these performance trends for occupational safety was the rate of 
lost time injuries per 1,000 hours worked, for 55 work units. Overall, the injury 
rate remained at a low level for the year and a half after training was introduced. 
To correlate attitude changes with performance, the individual maintenance per
sonnel data were combined into averages for the units to which they belong. The 
organizational performance measures included were aircraft safety (ground dam
age), personal safety (occupational injury), dependability based on departures 
within 5 minutes, and on-time maintenance. Results from this analysis of the 
follow-up surveys showed a significant number of positive correlations between 
maintenance unit performance and attitudes. 

Future Directions. Using a systematic training evaluation process pro
vides a framework to demonstrate the effects of an MRM training program. 
This company's MRM training program is still being conducted, with several 
new courses being developed and implemented (Endsley & Robertson, 2000; 
Robertson & Endsley, 1997). Evaluations of these MRM courses are being con
ducted using the same process as described above (Taylor, Robertson & Choi, 
1997). Other companies are currently evaluating their MRM training programs 
and are showing positive and significant effects of the training on maintenance 
personnel attitudes and behavior (e.g., Driscoll, Kleiser & Ballough, 1997; 
Dupont, 1997). 

CONCLUSION 

The above application of a macroergonomic approach to instructional system 
development, implementation, and evaluation of an MRM program illustrates its 
value. Similar results should be achievable in applying this macroergonomic 
ISD approach to any work system to ensure the effectiveness of its personnel 
in achieving both organizational and personal goals. 
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INTRODUCTION 

Traditionally, ergonomics has focused on the improvement of productivity, 
quality, health and safety, and quality of work life. With macroergonomics in 
particular, there has been a greater emphasis on ergonomists achieving large-
scale organizational improvement (Kleiner, 1996). Macroergonomics can change 
an organization's culture and can achieve 60% to 90% performance improve
ments (Hendrick & Kleiner, 2001). Large-scale organizational change has also 
been the laudable goal of many consultants and managers. However, this elusive 
goal has however been difficult to achieve. Furthermore, it is one of those terms 
that is interpreted differently by people. 

The orientation of this chapter is to define large-scale organizational change 
in terms of organizational performance. Once performance criteria and metrics 
are developed and understood for an organization, significant rates of change 
and/or amount of change in performance constitute large-scale change. The tra
ditional ergonomic metrics—productivity, health and safety, and quality of work 
life—are necessary to individuals and organizations, but may not be sufficient, as 
emphasized by the recent focus on community ergonomics and other "macro 
system" concerns. Nickerson (1992) stressed the need for ergonomists to play a 
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larger role in society. Ergonomists have begun to apply their technologies to go 
beyond traditional measures to impact regional economic development as well. 
Community ergonomics has been proposed as a way for ergonomics to have a 
positive impact in the local community. This approach has been shown to have 
a positive impact on individuals in the local community (e.g., Smith, Conway & 
Smith, 1996). One very important component of a society is its economy. Many 
economics scholars have proposed that the very essence of economic success is 
the community's ability to manufacture goods. As Deming (1986) suggested, if 
manufacturers prosper, a chain reaction will cause jobs to be created and society 
to benefit, as was demonstrated in postwar Japan. 

Many researchers and consultants have proposed methodologies for large-scale 
organizational change. It is contended that macroergonomics offers an ideal 
framework for organizing these various tools and methodologies. In fact, macro-
ergonomics offers its own sociotechnical approaches to change. Thus, rather than 
detail the specific tools and methods of organizational change, this chapter focuses 
on the organization of the toolbox itself and presents the key characteristics and 
components of the toolbox necessary to achieve large-scale change. 

WHAT IS LARGE-SCALE 
ORGANIZATIONAL CHANGE? 

Macroergonomics presents a sociotechnical framework for studying both the 
macro and micro issues associated with large-scale organizational change. 
Within this perspective, performance is viewed as multidimensional, character
ized by multidimensional criteria and measures related to various checkpoints in 
the work system (Kleiner, 1996). In this context, large-scale change has been 
operationally denned as significant improvement (i.e., greater than 50%) of one 
or more of these performance variables or less than 50% improvement but in a 
relatively short time span (Kleiner, 1996). According to Hendrick (1995b), an 
important outcome of macroergonomic intervention is also a culture change, in 
which organizational culture is primarily defined by the organization's core 
values. 

It is also important to note at the outset a simple but profound assumption re
garding large-scale organizational change: that the change is valid change. That 
is, the targeted change should be supportive of and aligned with the organiza-
tion's purpose. Normally, structural changes support strategic changes and all 
strategic changes should be aligned with the organization's purpose. Given this, 
we can assume that most change will also result in some type of performance 
improvement and/or culture change as discussed earlier. 

However, it should be recognized that many organizations pursue change that 
does not necessarily meet these criteria. In some organizations, the "program of 
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FIG. 13.1. Valid versus invalid change. 

the month" characterizes the culture. Over time, employees learn to meet each 
new program with skepticism or resistance. One of the ironies in an organization 
undergoing invalid change is that to the change managers and facilitators, the 
change can feel valid. That is, in attempting to get employees to change behav
iors and attitudes, the resistance encountered can be physically stimulating. 
Adrenaline flows, stress levels increase, and at the end of the day, the leader of 
change feels exhausted and thus fulfilled. Periodic (e.g., monthly) spikes of im
provement reinforce the positive feelings. As illustrated in Fig. 13.1, in reality, 
preceding each improvement spike may have been a period of performance 
decline. 

Figure 13.2 illustrates the performance curves typically experienced in 
large-scale change. Small-scale improvement as seen in continuous improve
ment intervention and efforts can be portrayed as an "S-shaped" learning curve. 
However, for "breakthrough" or large-scale change, performance shifts to a new 
S-shaped curve (Sink & Morris, 1995). 

Performance Improvement 
Sink and Tuttle (1989) proposed that organizational performance can be mea
sured or assessed using seven criteria or clusters of measures: efficiency, effec
tiveness, productivity, quality, quality of work life, innovation, and profitability 
or budgetability. Specific measures can be derived related to performance crite
ria. These can be subjective, as in the case of attitude surveys, or they can be 
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FIG. 13.2. S-shaped performance curve. 

FIG. 13.3. Organizational performance criteria. 

based on objective data. The seven performance criteria relate to specific parts of 
the organization as represented by an input-output model. This approach intro
duced the issue of measurement and specifically suggested that a management 
system has an effect on organizational performance as characterized by multi
dimensional criteria. As illustrated in Fig. 13.3, Kleiner (in-press) later added 
"flexibility" to the checkpoints previously allotted to quality. Especially in man
ufacturing system design, flexibility is an important criterion at different points 
in the system. In addition, Kleiner (2001) emphasized for ergonomists the 
criterion of health and safety. 
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PROCESS OF ORGANIZATIONAL CHANGE 

Phases of Change 
Passmore (1988) proposed a framework for managing sociotechnical change in 
an organization. Each phase includes several analyses that should be performed 
in order to validate and manage the change process. 

Define Scope of System to Be Redesigned. During this phase, the need 
for change is defined. The scope of change is defined by defining the organiza
tional unit or units targeted for change. Within this context, stakeholders are 
identified and their expectations are understood. Finally, an assessment of the 
potential for success is performed. 

Determine Environmental Demands. External stakeholders are identi
fied and their current and future demands are understood. An appropriate re
sponse to these demands is developed. Finally, organizational goals are derived. 

Create Vision Statement and Charter. During this phase, a philosophy 
and values for the change effort are defined. Desired outcomes for the change 
effort are clarified and a vision statement is drafted. This "charter" is reviewed 
with change sponsors, usually key managers in the organization. 

Educate Organizational Members. Passmore (1988) recommended that 
personnel receive sociotechnical systems education before beginning the change 
effort. In addition, particular skills training can be offered to supplement the 
education. 

Create the Change Structure. A design team is then created. Intergroup 
meetings are held between the design team and a steering committee. A commu
nication strategy is developed to support the change process. The design team 
and steering committee receive sociotechnical systems education as well. Then, 
several strategies are developed; one for participation, one for resourcing, and 
one for change. 

Conduct Sociotechnical Systems Analysis. During the Sociotechnical 
Systems (STS) analysis phase, Passmore (1988) suggested identifying resources 
for the change effort. Analytical training should be provided to those on the de
sign team as well. Then the system can be analyzed and results reviewed with the 
steering committee. Following this communication, information can be shared 
with the remainder of the organization. 

Formulate Redesign Proposals. During this phase, design inputs are re
viewed and expectations for desired outputs are clarified. Then, specific proposals 
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are formulated. The impacts of the proposals are systematically examined through 
a cost-benefit analysis. Specific proposals are then selected and reviewed with the 
steering committee. 

Implement Recommended Changes. The selected proposals are then 
communicated with the organization and are reviewed with upper management. 
Once upper management has provided their approval, an implementation plan is 
created. To support the plan, employees and supervisors are trained. Finally, the 
plan is executed. 

Evaluate Changes and Redesign as Necessary. For the purpose of con
tinuous improvement, an evaluation methodology is developed. Data is then col
lected and reviewed against established goals. Results are communicated to the 
organization and management. As necessary, redesign takes place. 

Macroergonomist as "Change Master" 
Sink and Morris (1995) focused on the "change master" as a manager of change. It 
is contended that increasingly, macroergonomists will be placed in such a position. 
The authors noted that the following change process states can overlap in some 
cases and that these states describe individual, group, and organizational change. 

Situation Appraisal During this state or phase, the organization is focused 
on a particular problem area. The change master seeks to reach an agreement at 
this phase about the problem areas and process approaches. Strategies include 
identifying key stakeholders. Sink and Morris (1995) also recommended a partici
patory approach in the diagnosis through interviews and structured group 
processes to get consensus about current problems. A walk-through assessment is 
usually the framework for this phase. 

Catharsis. During this phase, the organization "lets go" of past blame, 
problems, etc., to focus on the current change effort. Before letting go, there is 
typically some emotional distress in the organization as personnel attempt to un
derstand what caused the current problem(s). The goal of this phase is to expose 
the stresses, put them aside, and move onto a rational view of change (Sink & 
Morris, 1995). Again, various participatory methods are used to confront the 
stresses and move to a more healthy state. For the change master, much can be 
learned during this phase about the organization's history, power distribution, 
motivational state, culture, etc. 

Self-Awareness. During this phase, the organization uses various tools and 
techniques to better assess the current system. The goal is to achieve a shared, 
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explicit, open understanding of the present situation (Sink & Morris, 1995). This 
phase establishes the motivational starting point for change. The change master 
uses data to create a shared awareness of the need to improve and how to 
improve. He or she uses historical data and uses objectivity to persuade the organi
zational members to see the facts as they are, putting aside past biases and beliefs. 

Self-Evaluation. Here the organization comes to some conclusions about 
its current state. Specifically, Sink and Morris (1995) indicate the organization 
reaches some conclusions about the effectiveness, efficiency, or cost-benefit rela
tionship relative to the present methods and systems in use. The goal is to 
achieve a clear conceptual model of goals, standards, expected levels of perfor
mance, criteria, and measures of performance. A measurement system may be 
developed during this phase. Understanding statistical variation in data is also 
important during this phase. 

Self-Diagnosed Change. During this phase, the organization plans or ac
cepts plans for new behaviors, methods, and systems. It is very important to have 
organizational members participate in the redesign process. The new process at
tempts to remain sensitive to past history and to take into account current indi
vidual differences. The change master during this phase adopts one or more of 
the following roles: stimulator, technical expert, honest broker, and/or support 
person (Sink & Morris, 1995). 

Try Out New Methods and Behaviors. Here the organization experi
ments with new systems and/or methods. The change master supports, encour
ages, and facilitates the organization's testing of the newly designed systems and 
methods. A primary goal during this phase is for the organization to experience 
the proposed changes and redesign them to be sensitive to the current realities of 
actual use. Change master skills in experimental design, decision analysis, statis
tical analysis, etc., are helpful during this phase. 

Reinforce the New Behavior. This is where the new behaviors are rein
forced, typically with a new reward system. During this phase, the new methods and 
systems are often demonstrated to others in the organization. Here again, the change 
master's objectivity can be helpful in cultivating support for the required changes. 

Culture Change 
As Hendrick (1995b) has stated, culture change is often the outcome of macro-
ergonomic intervention. Organizational culture is related to the norms, beliefs, 
unwritten rules, and practices in an organization. At its core, culture is created 
by underlying values that are unseen. On the surface of an organization, the rites 
and rituals, heroes, villains, symbols, and behaviors of members are visible. 
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Culture can be differentiated from organizational climate. The former is much 
more permanent and pervasive, while the latter is the temporal reaction to critical 
incidents and events. 

Culture can be changed in several ways. First, major policy changes can af
fect the culture of an organization; that is, change can, in a sense, be mandated. 
Again, we are reminded that not all change is valid change. Sometimes, policy 
and strategic change are invalid reactions to turbulence in the organizational en
vironment or, at worst, are the personal whims of an executive who is "shooting 
from the hip." Second, changing the behaviors of organizational leaders can 
create a culture change. By seeing their leaders "walk the talk," organizational 
members are far more likely to modify their own behaviors and attitudes, 
prompting a culture change. Thirdly, selection and training can help change cul
tures. Regarding selection, many organizations now screen employees for having 
an attitude consistent with the organization's culture. While some can question 
the ethics and/or legalities of the practices, personality tests, role playing, and 
other mechanisms are commonplace in today's interview environment. In addi
tion to selecting employees with value systems aligned with that of the organiza
tion, many human resource departments attempt to use training once employees 
are hired to adjust and align attitudes and behavior. Finally, when appropriate, a 
comprehensive work system design change can and often will result in a change 
in culture. The latter, using methods as described in Chapter 3 and supported by 
valid changes in policy, leadership, and training, is the best approach to achiev
ing desired culture change and performance improvement. 

A SOCIOTECHNICAL 
SYSTEMS UNDERSTANDING 
OF LARGE-SCALE CHANGE 

Macroergonomics is concerned with the optimization of work systems through 
consideration of relevant social, technical, and environmental variables and their 
interactions. The work system is comprised of personnel interacting with tech
nology, within internal environments, external environments, and an organiza
tional structure (Hendrick & Kleiner, in press). Building on the sociotechnical 
theoretical foundation established by the Tavistok Institute, and most directly, 
Emery and Trist (1965), macroergonomics takes a top-down and bottom-up 
(e.g., participatory ergonomics) sociotechnical systems approach to the design of 
organizations, work systems, jobs, and related interfaces between humans and 
machines, users and system, and humans and environment (Hendrick, 1995a). 
This results in a fully harmonized work system at both the macro- and micro-
ergonomic level (Hendrick, 1995a). Macroergonomic intervention begins with 
an assessment of relevant sociotechnical variables and their implications for the 
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design of the structure of the work system and processes. Once the overall work 
system has been evaluated, microergonomic interventions, such as how to opti
mally allocate functions and tasks to humans and machines or computers, can be 
accomplished (Hendrick, 1986). 

Macroergonomics can be used to perform an important role in society by 
helping to retain and create jobs, and can thereby impact industrial expansion 
which, in turn, positively influences regional economic development. However, 
as one moves from micro- to macroergonomics, the nature of success measures 
changes. By definition, macroergonomics applies to functioning organizations, 
constantly adapting to changing environments. Thus, increasingly aggregated 
measures, such as job retention or facilities expansion, cannot be uniquely 
causally related to interventions. Also, the interventions are not uniquely under 
the ergonomists' control. As Drury (1991) noted, when operating in a wider 
arena, ergonomists no longer operate alone. 

In the author's experience, the macroergonomic approach taken led to major 
industrial turnarounds in the northeastern United States, and was credited with re
taining and creating thousands of jobs. As reported in Kleiner and Drury (1999), 
in one company, joint optimization was accomplished by analyzing the personnel 
and technological subsystems in a Malcolm Baldrige—winning, nonunion plant. 
The company, an electronics operation, required workplace redesign, managerial 
intervention, structural realignment, and a move to a group-based quality culture 
for work system optimization to occur. Specifically, in a clean room environment, 
technical performance was assessed to determine the technical capability of the 
area. In addition, the physical demands on the operators in this relatively stable 
environment were assessed. Using participatory ergonomics, operators were inter
viewed to determine their subjective feelings about working in the clean room en
vironment. Based on these analyses, ergonqmic changes were given to architects 
and engineers for incorporation into the new plant's design. Changes were based 
on operator preferences and demands for improved task performance. 

At a second company, operator-machine interface design required training 
support systems, managerial intervention, and decentralization to improve the 
work system. In this unionized company, in addition to similar analysis of 
the technological and personnel subsystems, corporate takeover required the 
researchers to develop quickly a working understanding of, and appreciation for, 
national cultural issues and their interaction with corporate culture. As objective 
and neutral third parties, the researchers could transfer these new insights and 
understanding to company managers and operators and incorporate cross-
cultural understanding and sensitivity into the program. 

Sociotechnical systems theory can be used to better understand the mecha
nisms and likely causes of these and other macroergonomic successes. As illus
trated in Fig. 13.4, there are several important work subsystems operating and 
interacting: the personnel subsystem, technological subsystem, internal environ
ment, external environment, task, and organizational design. 
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FIG. 13.4. Work system subsystems. 

According to sociotechnical systems theory, the personnel and technological 
subsystems are jointly subjected to environmental influences and, therefore, an or-
ganization's structure should be designed as a function of the joint design of the 
personnel and technological subsystems. In many cases, including those reported 
by Kleiner and Drury (1999), major changes in the environmental subsystem occur 
during interventions. A strictly microergonomic approach might have ended inter
vention at the onset of such events. It is hypothesized that the dramatic results 
achieved through macroergonomics are achieved because macroergonomists facil
itate the interface between stakeholders in the environmental subsystems (i.e., 
subenvironments) and other subsystems. In the cases reported by Kleiner and 
Drury (1999), the environmental subsystem consists of components such as the re
gional, political, legal, and educational resources. By working with state officials 
and institutions, organized labor, and corporate headquarters, interventions with 
center personnel focused on the political interface with local organizations. Capa
bility data had to be collected and reported in usable form to support the subenvi
ronment interfaces. By working with management/union arbitrators and credit 
institutions, the legal interface was facilitated. By transferring knowledge acquired 
during environmental system analyses, educational programs supported most inter
ventions. Joint optimization of personnel and technological subsystems was thus 
pursued, as was organizational, job, and task redesign, but these interventions 
began and supported the environmental interface. 
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UNDERSTANDING INDIVIDUAL 
DIFFERENCES 

In managing large-scale change, it is necessary to understand the fundamental 
definition of an organization: two or more people working together to achieve a 
common purpose; that is, an organization is comprised of individuals, and these 
individuals will differ with respect to their motivational reaction to change. 
Large-scale change occurs as the result of several small changes. Attitudinal and 
behavioral adjustments need to be made by the individuals in an organization in 
order for systemic change to occur. It is therefore most useful to predict the kinds 
of reactions one will observe when managing or facilitating change. 

It is intuitive that not all change is perceived as positive. Experientially, some 
change has been perceived by individuals as positive and some negative, and 
thus new change is met with some skepticism. Scholtes (1990) reported that 
when all else is constant, organizational members will exhibit a normal distribu
tion when reacting to change, as illustrated in Fig. 13.5. Some individuals, based 
on their experiences, personalities, etc., will be exceedingly positive when 
confronted with change. On the other hand, some will be quite negative when 
confronted with the prospects of change. However, it is interesting that most or
ganizational members will be neutral. From a change master's perspective this is 
important, because they will not remain neutral for long. Their attitudes can turn 

# 
People 

Support For Change 

FIG. 13.5. People's reaction to change. 
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# 
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urbanites Stragglers Settlers Pioneers Explorers 

FIG. 13.6. People's reaction to change (adapted from Scholtes, 
199O). 

either positive or negative, and the manager of change can be a factor in terms of 
which direction the individual turns. 

Motivational Differences. In order to illustrate the differences people ex
hibit when confronted with change, Scholtes (1990) uses an Old West metaphor 
for typecasting the individuals in Fig. 13.5. As illustrated in Fig. 13.6, at the far 
right are the "explorers." These people not only accept change but are actually 
stimulated by the prospect of change. The underlying motivational stimulants 
include adventure, challenge, and the change itself. Following close behind the 
explorers are the "pioneers." Once the explorers clear the new territory, the pio
neers are happy to lead the way. Next, Scholtes (1990) envisions the "settlers" to 
arrive in the new territory. Once the way has been cleared for safe passage by the 
explorers and pioneers, the settlers arrive to build a new community. Their un
derlying motivational needs include a need for safety and security, familiarity, 
constancy, and stability. On the other side of the distribution, we find the 
"stragglers" and the "urbanites." The "stragglers" are somewhat negative when 
confronted with the notion of leaving the established city to forge a new commu
nity in the wilderness. They have even greater need for safety and security than 
the settlers. The urbanites, on the other hand, are extremely resistant to leaving 
the established city for the new territory. They avoid, even actively oppose, 
change. 
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A Strategy for Managing Change. What is most instructive about this 
model is to understand that individuals have different needs and wants in the 
context of change. An effective change master will learn how to manage these 
differences. Scholtes (1990) provides a useful strategy for managing this normal 
distribution of people through a change process. 

The first step is to understand the authority or power distribution in the orga
nization. All organizations have people withformal and informal authority. For
mal authority or authority of position (Barnard, 1938) is that power bestowed on 
an individual by virtue of his or her job title. Formal authority is contrasted with 
informal authority or authority of leadership (Barnard, 1938), which is based on 
charisma or other nonorganizational attributes related to the informal organiza
tion. As illustrated in Fig. 13.7, a table can be constructed mentally to organize 
thoughts about the power or authority infrastructure in the organization. 

Next, the individuals can be understood in terms of their reaction to change as 
illustrated in Fig. 13.5 through Fig. 13.7. As a result, Fig. 13.8 can be developed. 
Note it is not good practice to categorize and certainly not a good idea to com
municate overtly where individuals are perceived to reside in the distribution. 
However, it is useful for the change master to understand mentally the individual 
differences of organizational members with respect to authority and reaction to 
change and adjust the mental model over time. 

Scholtes (1990) provides a simple strategy to correspond to Fig. 13.8. In lead
ing a change effort, he says that it is most important to get the help of the "l"s 
and "4"s. These members have both authority in the organization and support the 
change effort. The reason, according to Scholtes (1990), for securing the com
mitment of these individuals is the vulnerability of the "2"s and "5"s. Recall that 
most of the people will initially reside in this "undecided" portion of the distribu
tion. If they are not persuaded to support the impending change, they could be 
persuaded by those who are negative, such as the "3"s and "6"s. The so-called 
"3"s are a particular concern because they have informal or formal authority and 
thus can persuade more neutral members to align with them. Scholtes (1990) 

No influence Moderate Powerful 

Formal 
Organization 

Informal 
Organization 

FIG. 13.7. Power/authority in an organization. 
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FIG. 13.8. Strategy for managing change (adapted from Scholtes, 
1990). 

recommends that "3"s be invited to participate, even help facilitate the change 
effort, but as with everyone else, not forced to change. In the end, if they are 
unwilling or unable to support the change effort, Scholtes (1990) says it is best to 
isolate them in positive ways. This can be accomplished through special assign
ments and through relocation. Again, it is assumed that these alternatives are 
preferred by the person as well as the organization, and thus is as close to a 
"win-win" solution as possible. 

Probably the most effective skill needed during this process is active listen
ing. It is important to understand why the various members position themselves 
at different points in the support distribution. Why is a "3" so resistant? What 
need must be addressed in order for them to become supportive, or at least not so 
destructive." Why is a "1" so supportive? Can this attitude be replicated? These 
are some of the questions that can be answered as the change master attempts to 
statistically think about his or her distribution of organizational followers. 

LEARNING AND ADOPTING

APPROPRIATE CHANGE ROLES


According to Sink and Morris (1995), the change master must assume various 
roles during various points in the change process. These roles help move the dis
tribution of people previously discussed through the desired threshold of change. 

Inquirer. Active listening is the skill utilized in the inquiry mode (Sink & 
Morris, 1995). The key in this mode is not to be judgmental and to encourage 
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organizational members to clarify issues constructively and thus relieve anxiety. 
This role can be performed both actively (i.e., with inquiry) and passively (e.g., 
listening). 

Data/Fact Gatherer. At various points in the change process as exempli
fied by the methods discussed in Chapter 3, the macroergonomist as change mas
ter must collect data and convert that data to information. When going beyond 
data collection or design of the system of evaluation, it is useful to have organi
zational members participate in the process. 

Collaborator. The macroergonomist as change master will become part of 
the organizational design and/or implementation team. In this role, Sink and 
Morris (1995) point out that the change master is a team member and should take 
care not to dominate the team. 

Structure Provider. The change master will also need to be skilled at or
ganizing and facilitating group processes (Sink & Morris, 1995). The most chal
lenging aspect of this role is to maintain a focus on process and not get involved 
in the content of the group's business, unless called on as an expert. 

Expert. The change master may be called on for his or her technical knowl
edge. In this capacity, he or she is acting as an expert. This role could involve 
providing recommendations, converting data into information, and/or problem 
solving. 

Teacher and Skill Developer. In this role, the change master assumes the 
role of educator. He or she may be required to transfer knowledge, skills, or both 
and may do so in a classroom environment or individually. 

Challenger. A fact of large-scale change is that it is not easy and certainly 
not always pleasant. One role the change master from time-to-time finds himself 
or herself in is that of challenger. In this capacity, the change master uses his or 
her objectivity and neutrality to question what an individual, group, or the orga
nization itself has decided or implemented. When used judiciously, this role can 
be instrumental to achieving needed change. 

In summary, the macroergonomist as change master will have to be flexible 
and adopt various roles as different situations or phases arise. Not all roles will 
be easy, and some will come more naturally than others. For example, most will 
have difficulty with the need to be a challenger. However, it is advisable for the 
change master to receive training in those areas in which he or she is less confi
dent. In the case of the challenger mode, for example, conflict resolution and 
negotiating courses may be applicable and useful. 
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CONCLUSION


The perspective and methods of macroergonomics hold promise for large-scale 
change in organizations and communities. Specifically, in a work system, which 
is comprised of personnel interacting with technology in internal and external 
environments and organizational structures, it is necessary but not sufficient to 
be concerned about human-machine interface design—the traditional purview of 
ergonomics. The interfaces among the human-machine work unit and the other 
subsystems require attention as well. Of particular importance is attention to the 
various subenvironments in the external environment and the need to couple a 
macro- and micro-ergonomic approach to interface design at all levels. As a 
manager and facilitator of large-scale organizational change, including culture 
change, the macroergonomist becomes a "change master." 
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INTRODUCTION 

Community Ergonomics (CE) was developed from two parallel directions. On 
the one hand, CE emerged from existing theories and principles in human factors 
and ergonomics and behavioral cybernetics that could be used for situational as
sessment and solution-finding purposes at the societal level. On the other hand, 
CE also emerged from the careful and thorough documentation of specific appli
cations in communities, which in turn led to additional principles and theories 
more contextually relevant to the societal level of analysis. As such, CE is a 
robust approach in its principles and a flexible practice in its applications; this 
combination is one key to the optimization of complex systems. 

Community ergonomics can be defined as a design approach to the interfaces 
between people and system design in societal contexts. CE theory is built on the 
foundations of human factors and ergonomics, sociotechnical systems theory, 
quality improvement, behavioral cybernetics, and the problem-solving technique 
of Breakthrough Thinking™ (see Smith et al., 1994). The CE approach focuses 
on distressed community settings characterized by poverty, social isolation, de
pendency, and low levels of self-regulation (and control). Inner cities are exam
ples of such communities. The practice of CE seeks to identify and implement a 
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community-environment interface to bridge the gap between the disadvantaged 
residents of a community and the resources denning the social environment 
within which they function; hence, achieving a "fit," through interface design, 
among people, environment, and community. 

CE SOCIOTECHNICAL SYSTEM 
(STS) MODEL 

The CE model (shown in Fig. 14.1) is built on the foundations of sociotechnical 
systems theory (Emery & Trist, 1965; Pasmore, 1988; von Bertalanffy, 1968) 
and then applied to complex societal systems. Other theories contributing to the 
CE STS model shown in Fig. 14.1 are the fit theory (adapted from the P:E fit 
theory of Caplan, Cabb, Franch, von Harmon, and Pinneau, 1975; van Harrison, 
1978), the CE interface design and implementation process (adapted from the 
Breakthrough Thinking™ and planning and design approaches to solution find
ing of Nadler (1981) and Nadler and Hibino (1994)), and community self-regula-
tion principles adapted from behavioral cybernetics (K.U. Smith, 1966, among 
others). The CE STS is comprised of the social subsystem (defined by commu
nity residents), the technical subsystem (defined by institutions, services, poli
cies, etc.), and the community ergonomic process (linking the social and techni
cal subsystems and the environment; e.g., economy, employment, education). 
These are the three circles shown in Fig. 14.1. 

One of the principles of CE proposes that community residents need to be able 
to track their environments and other community members within it. In addition, 

FIG. 14.1. The community ergonomic system model. 
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it is important that people exert control over their lives within those environ
ments, while increasing awareness of the impact of their actions on others and the 
environment as well. The process referred to in this framework as the community 
environment (C:E) interface design process results from the complementary ef
fects of two parallel mechanisms. One such mechanism is intended to identify, 
design, and implement purposeful solutions (C:E interface). The other mecha
nism enables community leaders and residents to participate actively in building 
self-regulating mechanisms of learning, social tracking, and feedback control. 
The key solution sought through the C:E process is the implementation of an ef
fective C:E interface intended to bridge the gap between the community residents 
and the environment or community structure. An effective self-regulating inter
face is one that bridges the identified gap between community residents and their 
environment, as well as allowing for the generation and implementation of sub
sequent solutions to address emerging challenges in a continuously changing and 
turbulent environment. Finally, the common area in which the three circles in 
Fig. 14.1 meet (labeled CEE) brings into the C:E design process, the community 
ergonomic engineer (CEE) or professional who plays the role of an interface 
professional. As such, the CEE leads and manages the C:E design process such 
that a solution is identified and implemented, while providing community mem
bers and participants with self-regulating mechanisms to track and control their 
environments better. The model in Fig. 14.1, while simple in appearance, con
veys the complexity of community ergonomic systems design. Ultimately, the 
model suggests that communities act as closed loops, subject to changes in a tur
bulent environment setting. Consequently, these communities may exhibit seem
ingly intractable conditions, which CE theory does not consider as impossibly 
hopeless to improve, but instead a challenge to overcome. In the foreword to 
Separate Societies: Poverty and Inequality in U.S.Cities (Goldsmith & Blakely, 
1992), Harvey Gantt said simply, "There is no permanent poverty, permanent 
joblessness, permanent hopelessness 

The Context in the United States 
Residents in the inner cities of the United States are isolated from basic human 
needs and resources, therefore leading to what CE theory defines as "cumulative 
social trauma" (CST). CST results from long-term exposure to extreme detrimen
tal societal conditions leading to a vicious cycle of dependency, social isolation, 
and learned helplessness. However, as a proactive solution-finding approach, CE 
asserts that CST is not a condition without preventive measures or solutions. 
Instead, the CE approach insists on the fact that CE interfaces with built-in self-
regulatory mechanisms may be implemented to bridge existing gaps between the 
community environment and its residents such that social isolation may be pre
vented or remedied. 
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Historically, welfare, public housing, public health, and public safety have not 
provided sufficient services and products to match the needs, desires, or capabili
ties of those living in poverty in declining areas of inner cities (Cohen & Smith, 
1994; Sainfort & Smith, 1996; Smith & Smith, 1994). Often, poor people cannot 
follow the bureaucracies of public institutions,1 and neither can these institutions 
understand the behavior of poor people sufficiently to provide services effec
tively. The inability of people and social institutions to follow or accurately track 
each other results in severely impaired systems performance. The necessary con
ditions and obstacles encountered on the path to progress in the declining areas of 
inner cities can be defined in terms of human errors and a lack of sociotechnical 
systems reliability. Human errors are decisions, behaviors, and actions that do not 
result in desired and expected outcomes (i.e., keeping a job, getting off of public 
assistance, paying bills, and not being involved in illegal activities). Social and 
economic system reliability is the ability of public and private institutions to 
achieve specific and general intended objectives for positive community perfor
mance outcomes (Smith & Smith, 1994). Economic achievement and growth of 
competency for individual residents are determined by the design and arrange
ment between the characteristics of the community residents and those of the 
community environment. In the case of substantial misfits between people and 
environment, poor urban residents are likely to make repeated "errors" in life be
haviors, which result in poor economic and societal outcomes. Institutions with 
low sociotechnical systems reliability do not provide adequate feedback (perfor
mance information or direction) or services for their constituencies to correct 
their errors. The fundamental purpose of community ergonomics is to improve 
the fit between environmental conditions and personal behaviors in poor inner 
cities to reduce resident errors and achieve optimal social system performance. 

Numerous previously implemented public programs have repeatedly failed to 
improve the living conditions in inner city. This is in part due to the fact that 
simply forcing inner city residents to change their behavior in order to fit some 
predetermined desired state cannot ameliorate such problems. Nor will focusing 
on only one aspect of the sociotechnical system, such as housing or employment, 
provide a complete solution to a very complex problem. This focusing of interests 
and resources is like putting a patch on a hole in the dike. If the water pressure on 
the dike remains high, then a leak will just occur somewhere else in the dike and 
another patch will have to be applied. This will repeat itself again and again. Inner 
cities are like a dike with huge water pressure ready to cause numerous holes 
simultaneously. In order to be effective, the solution has to account for the total 
system and hence decrease the water pressure. In the inner city context, both the 
environment and people need to be dealt with to bring about the most desirable 

1 A case study showing bank lending practices to low-income residents is presented later in this 
chapter. 
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fit. The theory and practice of community ergonomics is based on the assump
tions that individuals or groups must attain and maintain some self-regulation, 
and that individuals need to have control over their lives and their environments 
in order to achieve a personal ability to thrive. We believe this can be achieved by 
having the residents actively participating in their own self-improvement, and in 
the improvement of the inner city environment in which they live. 

THE COMMUNITY 
ERGONOMIC APPROACH 

Lodge and Glass (1982) recognized the need for a systems approach for manag
ing issues at a societal level. They advocated a systematic approach that involves 
cooperation from multiple parties in order for improvement to take place. They 
point out that various systems need to be aligned in order to achieve overall sys
tem improvement. For instance, providing jobs is insufficient if training, day 
care, and other support systems are not in place. These reinforcing links repre
sent the elements of a human factors system. 

The community-environment system is one with multilateral and continuous 
interactions among populations, conditions, institutions, situations, and objects. 
These are linked through feedback, forming a unified whole leading to the vital 
functions of lifespan development. An interacting population of people, often 
with common social, political, economic interest, and characteristics, represents 
the "community." The community is surrounded by other communities and insti
tutions, which may have very different beliefs, values, and modes of behavior. 
Likewise, the community is surrounded by aggregate communication systems, 
architecture, transport, energy systems, and other technology that influence and 
act on the community, and ultimately determine the survival and life quality of 
individuals and groups in the community. This community-environment system 
may include institutions for education, financial transactions, government and 
politics, commerce and business, law enforcement, transportation, and housing. 
The "organizational" complexity of the system defines how the environment can 
influence behavior, and the ways through which individuals and groups can try 
to control the environment through their behavior. The community-environment 
system can be characterized as the closed-loop feedback interaction of two or 
more social or economic systems to achieve a desired output, state of quality, 
and/or purpose. This is based on the assumption that the design of the human-
environment interface for reciprocal guidance and control influences perfor
mance, which is a recurrent theme in psychology and engineering (McCormick, 
1970; Smith & Smith, 1996; Smith and Smith, 1966). 

The community environment management system is focused on a human-
centered concept of community design, which seeks to achieve better community 
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investment and higher community quality outcomes. A community ergonomic 
process is employed to bring about management integration of the community 
and the environment as a total system enterprise.2 The aim is to build compliance 
between the community and the environment. This framework provides the 
foundation for the community ergonomic practitioner to design community envi
ronment systems in order to augment community residents' perception, action, 
control, feedback, production, consumption, and quality of living within an 
urban municipal setting. The management system seeks to establish positive 
social tracking patterns between the community and the external environment so 
that interpersonal behavior, group, and societal interactions are efficient. Within 
this framework, the practitioner determines the task to be performed, human 
resources needed, financial requirements and resources, and the ergonomic "fit" 
design requirements to achieve the desired results. 

Community environment economic systems contain inputs and outputs 
among households, financial institutions, businesses, municipal government, and 
educational institutions, organized and linked by means of feedback to achieve 
and maintain the monetary cycles among various community enterprises. Com
munity productivity, the measure of input to a community enterprise used to 
create a specified output, can be quantified in community environment systems. 
Community productivity values for community enterprises, combined with the 
input and output values of other community enterprises, provides a measure of 
total community productivity value. Community productivity values can be mea
sured in terms of increasing, decreasing, or consistent trends over time. Total 
community productivity is a function of the closed-loop feedback relations be
tween community enterprises in achieving and maintaining the monetary cycle 
requirements for community quality. This perspective is a measure of growth or 
stagnation as a function of the rate, efficiency, and effectiveness of community 
productivity. 

Community ergonomics operates from the perspective of self-control and 
self-governance of vital human functions such as development, perception, moti
vation, and learning through self-regulation of individual physiological processes, 
the external social and cultural environment, and bureaucratic institutions. The 
individual is not viewed as a helpless and passive prey of direct external stimula
tion of the environment to which he or she responds in reflex fashion. Nor is it 
thought that cognition, information processing, physiological homeostasis, or in
ternal drive regulates behavior. The individual is viewed as an organized system 
within a community in which the guidance and course of behavior is determined 
by the ability of the person to develop reciprocal feedback control over the eco
nomic, social, and cultural aspects of the community environment. The feedback 

2 A comparative case study is presented later on in this chapter to illustrate different approaches 
to enterprise network building and resulting outcomes. 
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concept is a significant aspect in the development of a community ergonomic 
perspective of individual behavior. It specifies the reciprocal manner in which 
self-generated activity and self-controlled activity determine the course, rate, and 
degree of individual learning and behavior in relation to the community system. 

The combined self-regulatory behaviors of community residents determine 
the acceptable norms of behavior, which can also be defined as habit patterns 
for the community (Smith, 1972). According to Smith (1972), habit is defined as 
self-governed learning in the context of control of the social environment as well 
as one's own physiological processes. The self-governance of learning becomes 
patterned through sustained and persistent performance, which is critically de
pendent on time schedules. As these timed patterns become habituated, the indi
vidual can predict and anticipate social events, which is a critical characteristic 
in the management of social environments. 

Self-control and guidance in social situations further enhances the ability of 
the individual to adjust to various settings by following or tracking the activities 
of other individuals or groups. Social tracking patterns during the habit cycles 
determine critically significant behavior. Individuals, groups, and communities 
develop and maintain their identity through the establishment and organization 
of these social habits. In addition, the maintenance of group patterns, and the ad
herence to this process, is achieved through social yoking (or mutual tracking), 
so that individuals sense each other's social patterns (Smith, 1972). Community 
environment systems are dependent on critical time tracking factors such as 
work and schooling as a developmental aspect of daily life. The difficulties faced 
by many communities stem from the lack of or disruption of critical time factors. 
This results from faulty design of the timing processes, and from conditions 
that negatively distort time and the self-governing capacity of individuals and 
organizations. 

Community ergonomic designs develop a tracking system to aid in the sens
ing of time and the development of a record and memory vital in determining 
future courses of action and expectations. In other words, these tracking systems 
are aimed at building good "habits." Absence of such critical timing factors 
results in delays in functioning, social disruption (trauma), organizational adjust
ment problems, personal emotional difficulty, and community quality failures. 
We believe that for effective individual and community functioning, the design 
of the community environment system and its operations must comply with the 
critical temporal processes of the people living in the community. According to 
Smith (1972), the optimal system design will be achieved when the development 
of individuals and communities are promoted and the design fits with the built-in 
or learned behavior of individuals. On the other hand, system design can ad
versely affect behavior, learning, and development of individuals and communi
ties when individual needs are not considered. Cumulative social trauma was 
defined earlier as a condition resulting from repeated exposure to poorly de
signed environments and/or long-term social isolation that leads to ineffective 
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individual performance or coping abilities. CST is the repetition of an activity or 
combinations of activities, environmental interactions, and daily life routines 
which develop gradually over a period of time and which adversely affect moti
vation, skill, and emotions leading to social and behavioral disruption, psychoso
matic disorders, and mental distress. We believe it is possible to identify the 
"operational hazards" (i.e., the hazards faced by members of the community in 
their daily interaction with various system elements) that lead to the develop
ment of CST in communities. Such hazards need to be detected, monitored, 
and controlled to prevent CST from occurring in order to enhance community 
quality. 

COMMUNITY ERGONOMIC PRINCIPLES 

This section will describe the principles that constitute the philosophy driving 
the CE approach to societal solution finding and CE interface design. These prin
ciples are listed below and will be described in detail in this section: 

1. Action-Oriented Approach 
2. Participation by Everyone 
3. Diversity and Conflict Management 
4. Encouraging Learning 
5. Building Self-Regulation 
6. Feedback Triad 
7. Continuous Improvement and Innovation 

l. Action-Oriented Approach 
The community ergonomic approach is action-oriented in nature. The assump
tion is that rather than trying to change people in order to "cure them of unpro
ductive behavior," it is more effective to address the environmental factors that 
lead to situational dysfunction in the first place. The objective of the CE ap
proach is to reach collective aims and perspectives on issues of concern and 
to meet specific goals and aspirations through specified actions. This process 
requires a purposeful formulation of plans to reach a state of solution implemen
tation. We believe this approach is more likely to achieve a satisfying result 
because it is based on purposes, goals, and aspirations rather than on existing 
community skills, or needs assessments, or the qualification for external funding 
sources. Other approaches have tended to become bogged down fulfilling the 
institutional requirements of some sponsoring organization and pursuing the 
right solution to the wrong problem (Nadler & Hibino, 1994). Our approach 
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(CE) prevents these problems by focusing on "selected aims and goals" rather 
than on the current problems. 

2. Participation by Everyone 
Inner city improvements often fail because the residents are not substantially 
involved in the process of selecting the aims, objectives, and goals. It is essential 
to have resident participation from start to finish. Such participation is a source of 
good ideas, a means of motivation for the residents, and a way to educate residents 
to new ideas and modes of behavior. There are many mechanisms for participation 
including individual involvement, action groups, and committees, and often a com
bination of all of these. In addition, the early involvement of strategic persons and 
organizations in a process allows the resulting design plan to incorporate the neces
sary concepts, technical expertise, and capital in the process and the solutions. 
It is risky to spend the time developing solutions only to have to sell the idea to 
someone whose understanding of and commitment to the project is minimal or 
nonexistent. While participation by every member of the community in a commu
nity ergonomic project may not be possible at first, the goal is to get everyone in
volved at some point. It is expected that reluctant and passive involvement will be 
minimized and will continually decrease throughout a project or activity. Effective 
information and action transfer among individuals, organizations, and institutions 
are made possible through the community ergonomic process. The CE interface 
can be viewed as a continuously changing medium that allows links to be made 
across gaps or barriers in the community, leading to more permanent pathways of 
exchange. The interface is most often a person who coordinates information among 
individuals and groups. Even though today's information technology can be used 
to achieve this function, this is usually a luxury not commonly found in inner cities. 

3. Diversity and Conflict Management 
In the CE development process, the creation of a CE professional to serve as the 
interface is valuable mainly in that it may provide for easier and more effective 
access to resources and services. Problems in the inner city are never neat and 
compartmentalized, and a community system is complex in nature, making it 
difficult to comprehend. That is why the role of the CE professional is essential 
in helping to formulate a process for managing diversity, conflict, and confusion 
that occurs in urban communities. We must realize that urban communities typi
cally have low levels of self-regulatory capabilities and high levels of diversity 
and dissention. In other words, community ergonomics becomes a method to 
reduce the instability that occurs in community environment tracking and inter
actions bringing together diverse community elements. It is important to spend 
the necessary time designing solutions in concert with community leaders and 
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residents so that the residents feel comfortable with the approach. This is in 
contrast to the more conventional method of studying problems and precisely 
quantifying just how bad things are in inner city communities, or generating 
community-wide plans or solutions with only residents or only government 
agencies taking part in the process. The CE professional can facilitate interaction 
and coordinate the interactive processes as well as communication. One instance 
of such facilitation techniques may be the integration of diverse information into 
a coherent statement. 

4. Encouraging Learning 
This principle suggests that a well-designed process will allow individuals and 
organizations to interact positively and effectively even under the conditions of 
a highly turbulent environment. It is expected that the community residents and 
planners will learn from each other and from participating in the process. In addi
tion, these learning effects will be transferred to subsequent related endeavors, 
with or without the presence of the community ergonomic professional to facilitate 
the process. Thus, there is a transfer of "technology" (transfer of control, transfer 
of knowledge, transfer of skills) to the community in the form of the process and 
learning experience. Furthermore, system participants are expected to enhance 
their abilities in leadership roles learned while involved in the CE process. We be
lieve that formally documenting the system management process within the group 
setting as it occurs provides for a better understanding and management of the 
community ergonomic process in future endeavors of a similar nature. 

5. Building Self-Regulation 
One aspiration of the community ergonomic process is to provide participants in 
the CE process with an increased ability and capacity for self-regulation. Self-
regulation, denned as the ability of an individual or group to exert influence over 
the environmental context, is enhanced by creating specific tasks, actions, and 
learning opportunities that lead directly to the successful development of a plan 
for action. When a project based on purposes achieves specific goals (i.e., fund
ing, improvements in the environment) as part of its implementation strategy, 
then new abilities and skills to self-regulate are developed. This serves as moti
vation toward more community improvement activity. 

6. Feedback Triad 
Feedback is an important premise of the CE process. Reactive, instrumental, and 
operational feedback mechanisms are integrated into a feedback triad allowing 
for closed-loop control, social tracking, and self-regulation principles to take 
effect in the process of designing and implementing community environment 
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improvements. It is necessary to provide these sources of feedback (as described 
by Smith & Kao in 1971) within the planning and design process for true self-
regulation to develop in the participants. Furthermore, in the absence of feed
back, the desired outcomes for either the participants or environment may not 
occur. Without indication or means of tracking the cause(s) for system failure, 
how can improvements be made? 

Reactive feedback is the personal sense that one's actions (or the actions of a 
group of individuals) result in a perceived outcome on the environment. Instru
mental feedback is sensed from the subsequent "movement" of an organization 
or other entity in the form of milestones achieved and output produced (e.g., re
ports, timelines, and future action to be completed). Operational feedback comes 
from the results of activities such as planning, designing, installing, and manag
ing group intentions, as well as the new policies, laws, buildings, and institutions 
resulting from such activities. These are examples of persisting results that can 
be directly sensed by community environment social tracking systems. 

Without the feedback triad, self-regulation by group participants would not be 
very effective and the system could quickly degenerate. Participants must sense 
that their personal actions, words, and participation have effects on themselves, 
on others, and on the environment. People must sense that the results of their ac
tions, words, and participation are perceptible as outcomes on the environment. 
These are perceived in the form of persisting, tangible evidence of actions taken. 

7. Continuous Improvement 
and Innovation 
The community ergonomic approach recognizes the need for continuous improve
ment, which can be achieved by continuous planning and monitoring of 
results of improvements. Private industry can be encouraged to provide guidance 
and feedback on the aims, goals, and successes of improvement initiatives. Bene
fits from private industry and governmental programs can be utilized to promote an 
entrepreneurial spirit that promotes effective community habits. These can be 
benchmarked against other communities and other programs. Valuable 
information can be elicited by studying the effects on an implemented solution 
over a period of many years in order to document the redevelopment of a dysfunc
tional system and give members of troubled communities opportunities for better 
lives. This implies the need for ongoing monitoring and research studying the op
erational requirements for implementation, measuring effectiveness, and use of 
feedback to alter the programs already in existence. Consistent monitoring of citi
zen needs, desires, and values must be established in order to verify that programs 
and products are accessible, usable, useful, and helpful to community residents. 

The community ergonomic approach is comprised of seven activities that 
lead to the identification, design, and implementation of effective community 
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FIG. 14.2. The CE process and general activity timeline. 

environment interfaces; with learning and self-regulatory mechanisms built-in at 
each stage. These activities are shown in Fig. 14.2. Each activity has specified pur
poses and expected outcomes that should occur in a general sequence that allows 
for parallel, iterative, and continuous achievement of activity expectations. Thus, 
the purposes, solutions needed, and expected outcomes are specified for each ac
tivity. Information needed, consumed, and transformed at each stage is also speci
fied. This figure also illustrates how the process moves from a conceptual stage of 
problem definition to the operational stage of solution implementation. 

An actual implementation of the process shown in Fig. 14.2 will be presented 
in the following section on case studies.3 This particular application took place 
in the City of Milwaukee (Wisconsin, United States). Throughout the duration 
of the implementation of a target solution for a given environment, participants 
took an active part in structured activities designed to develop and increase self-
regulatory abilities in the participants and the group. The purposes of the process 
were three-fold: (1) participants purposefully learned to self-regulate and control 
an interface between two or more aspects of their subenvironment (i.e., part of 
the city of Milwaukee), (2) the community ergonomic process produced a tangi
ble and useful tool for community improvement applications, and (3) the process 
was monitored and measured so that it could be improved. 

' The case study referred to here is the Milwaukee Community Investment Partnership (MCIP). 
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CASE STUDIES OF COMMUNITY 
ERGONOMICS IN ACTION 

The following case studies are presented to illustrate some of the principles and 
theory of CE. The first case study presented here describes the process and out
comes of a community-based partnership in an American inner city environment 
intended to equip community residents with the tools and skills to exert control 
over their lives and environment through self-regulation and continuous solu-
tion-finding techniques. Principles of social tracking, feedback, learning, self-
regulation, and continuous improvement are brought up in this case study. The 
second study presented is a survey exploratory study, which brings to light sev
eral factors that seem to influence bank loan approval to community residents in 
financial need. Some of these factors include home ownership and active bank 
accounts. The last study will compare top-down and bottom-up approaches to 
network building among local enterprises in different regions of France. Princi
ples of participation, action-oriented approaches, learning, and feedback control 
will be examined in the context of community quality management. 

The Milwaukee Community Investment 
Partnership (MCIP) 
For illustration purposes, statistics describing the community environment where 
this partnership was born will be presented. This will provide a clear picture of 
the conditions characteristic of a community considered to present a CST profile 
based on the CST definition provided earlier. The physical or geographic area is 
where the CE interface design process is carried out and will be referred to as the 
investment zone. The resulting interface from the implementation of the CE de
sign process will be referred to as the MCIP for "Milwaukee Community 
Investment Partnership." The MCIP will be described in detail in terms of how 
it came about and the subsequent outcomes. 

A Picture of the Investment Zone. The MCIP is representative of the type 
of communities that the community ergonomic approach attempts to redress. 
Freedman's 1993From Cradle to Grave: The Human Face of Poverty in America 
describes the "plight of America's poor" growing "more severe each year." 
Indeed, he noted that the 1992 Bureau of the Census "reported that 37.5 million 
people had fallen below the poverty line—the highest level in 27 years, since the 
start of President Lyndon Johnson's War on Poverty in 1964." Although the 
zone definition and boundaries are outcomes of the Partnership activities and 
represent an aspect of the results, they provide a clear context for understanding 
the severity of concerns for similarly dysfunctional communities in Milwaukee. 
A problem with providing laundry lists of horror story statistics is that they are 
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"released to the public without sufficient explanation, [and] racial stereotypes are 
reinforced" (Wilson, 1987). The zone statistics are based on 1990 census data 
and encompass a total of 13,745 households (including those that are not consid
ered to be families) and represents a total of 46,870 people. The demographic 
breakdown by ethnicity/racial background in the zone is 88.2% African-American, 
5.2% Caucasian, 3.6% Hispanic, and 3% American-Indian, Asian-American, and 
"others." In comparison, African-American residents comprise 30.2% of the popu
lation for the City of Milwaukee and 4.9% for the State of Wisconsin. This lends 
support to the claim that Milwaukee is a highly segregated city within a highly 
segregated state. 

Of the entire population in this area, 57.7% live below the poverty level. 
Compared to 22.2% for Milwaukee in its entirety and 10.6% for the State of 
Wisconsin, these families represent a very impoverished population indeed. 
Forty-nine percent of the households (which consist of one or more persons) in 
the zone subsist on less than $10,000 per year. Of these, 22.3% are 0 to 5 years 
old, while 35.4% are between the ages of 6 and 17. Thus, nearly 58% of the im
poverished people living in the target zone are children. With regard to educa
tional attainment, 57.2% of the target zone residents (25 years or older) do not 
have a high school diploma, compared with 28.5% for the city proper and 14% 
for the state. Unemployment statistics reported for all Milwaukee and state cen
sus tracts were 8.9% compared to 5.2% for the state. In similar inner city neigh
borhoods, it is typical for unemployment rates to surpass 40% (Committee For 
Economic Development, 1995). For the target zone, 29.1% were unemployed, a 
far different picture than for the rest of the state. Married couples represent 
19.2% of the households compared to percentages of 38.6% for the city and 
57.5% for the state. Forty-eight percent of the households are headed by a female 
compared to 19.8% for the city and 9.6% for the state. A disturbing statistic 
is that on December 31, 1991, 72.6% of Milwaukee county inmates held in 
Wisconsin institutions were African-American. The opinion of the Chicago 
Tribune's (1986) The American Millstone: An Examination of the Nation's Per
manent Underclass was that, "Society already appears to have made some 
choices and apparently is relying on prisons to handle social problems." These 
percentages, based on census tract information, portray a community unlike 
those seen in most other areas of Milwaukee or anywhere else in the state. This 
is a community in which nearly 81% of the population subsists on incomes of 
less than $25,000. Evidently, the target zone needs help. The target population to 
be served is comprised of residents at or below 50% of median income for the 
City of Milwaukee. 

An assumption made about the population of the inner city communities of 
Milwaukee was that a large majority of residents in these areas were in great 
need of effective, functional, and accessible interface designs for, at least, eco
nomic reasons. A systems perspective considers these grim statistics as part of 
and relating to a variety of social factors. The City of Milwaukee currently 
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spends tens of millions of dollars in communities such as the ones represented 
above. However, the problems remain starkly evident, further demonstrating the 
difficulty of applying money as a sole remedy. Harrington (1962) "begged" the 
reader to forget the numbers game. Whatever the precise calibrations, it is obvi
ous that these statistics represent an enormous, unconscionable amount of human 
suffering in this land. Similarly, the statistics cited above should evoke a similar 
sentiment, but there are no solutions in such sentiment; only the implicit need for 
the method to problem solve. 

The CE Interface: The MCIP. Planning the MCIP was the framework to 
pursue solutions for problems evidenced by the census information describing 
the target zone (as discussed above). This process involved key individuals and 
used information and knowledge necessary to design for continuing change and 
improvement. MCIP was designed and created to decide what was needed, why 
it was needed, who was needed, when things were needed to drive the solution, 
and where resources would be needed in order to implement solutions. Once 
these decisions were formulated, the framework for the plan was established and 
the planning and implementation process to create new community systems was 
initiated as an overall Partnership activity process. The planning and design 
process created a framework that established purposes to be achieved, organized 
a strategy to be pursued, specified and presented solutions, involved people criti
cal to planning and implementing the solution, developed and used information 
and knowledge appropriately, and arranged for changes and improvements to the 
solution and the solution-finding process. The need for a partnership, carefully 
crafted from the talents and skills of community residents, leaders, and interested 
others, represented a strategy in the solution-finding process. It was this frame
work of people and ideas interacting over time and sharing in decisions that was 
crucial to the successful outcome. 

The Partnership was comprised of members with varying experiences in com
munity improvement. The partners represented community-based organizations 
(CBOs), community development corporations (CDCs), industry, small business, 
the political structure, financial institutions and policy makers, large insurance 
agencies, entrepreneurs, and religious organizations. Each partner had demon
strated long-term commitment to the communities and the communities of others. 
The partners' willingness (as well as skepticism) to work on the Partnership re
sulted from their expressed frustrations with failures of past efforts to improve 
inner city problems. An underlying frustration with the results of decades of pol
icy making and programs aimed at the inner city pervades the attitudes of the part
ners. Each partner could speak at length about why inner city communities are in 
such terrible shape. Each could also articulate the hopes for improvement in global 
as well as specific terms and ideas, none of which represent systematic solutions. 

The members of the Partnership possessed great strength in their quests to 
improve their blighted neighborhoods. Often, the help came from concerned 
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citizens from outside the immediate area trying to "give something back to soci
ety." Whatever their reasons, the Partners represented passionate commitment 
for positive change, a passion not typically evident. They possessed great insight 
into the politics of community planning and reasons for the multitude of past 
failures. Their greatest asset was the willingness to play a believing game after 
deciding that the CE team was comprised of capable individuals. Even though 
past successes might not have changed the face of Milwaukee poverty, the com
bined experience of the partners represented a formidable power of knowledge. 
Ultimately, their commitment to the community residents in these impoverished 
areas was beyond reproach. The CE approach to CE interface design process 
simply guaranteed a greater likelihood of something positive happening in the 
community. In fact, the idea of a bank (which was an outcome of applying the 
solution finding process by members of the MCIP) was only a moniker given to 
a new entity comprised of solutions that the partners perceived as important 
to improving quality of life in the community. Fig. 14.3 illustrates how the CE 
interface design process went from the creation of the MCIP to the subsequent 
installation of the Milwaukee Community Investment Bank. 

FIG. 14.3. Evolution of the community ergonomic process in 
the Milwaukee project. 
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The Milwaukee Community Investment Bank was designed to fit the needs of 
its potential users and as such was not very "bank-like" in the traditional sense. 
Its programs and opportunities were also intended to educate those who it was 
designed to help. The programs to increase home buying used innovative meth
ods to allow people of very low income to afford their own homes. In addition, 
teaching fiscal responsibility as well as providing a means of attaining "eco
nomic emancipation" were provided. These are components that the members of 
the MCIP built into their banking system. The Milwaukee Community Invest
ment Bank was neither required nor expected to resemble other banking facilities 
of a more traditional nature. The real importance of the Partnership was not that 
it created a useful design solution for a small impoverished area, but that it could 
do so at all. That a group of highly committed community leaders and residents 
could stand on equal ground with the political leaders of the city and with each 
other was new. The Partnership was the real interface; it was the first design 
solution of the CE team and the place where people and ideas interacted repeat
edly, but within a framework of specific work to be achieved, and the place that 
allowed people to enhance their personal abilities for community improvement. 
Members reported that they felt able to influence their work or personal lives 
more effectively because of their participation in the effort. In fact, this type of 
self-regulation was clearly demonstrated through tangible projects or subtle 
effects reported by the partners. Some of these effects included a greater capacity 
to initiate, develop, and manage projects on their own; an increased capacity to 
provide services to area residents throughout work affiliates; an increased capac
ity to network with like-minded individuals in the city as well as rally and 
encourage other people. Thus, it appears that involvement in the C:E interface 
design process increased the capacity of people (who were probably already 
capable) to work effectively toward their desired goals. 

Evaluating Bank Lending Practices to Low-Income Residents. A pre
liminary evaluation of the community ergonomic framework was conducted by 
examining the factors related to loan acceptance in two communities. The study 
was undertaken to improve the investment within these communities to help 
them prosper. The community ergonomic framework was used as a template to 
identify the areas in the community where disagreement was identified between 
the perceptions of how money was loaned and the requirements necessary to re
ceive a loan. Community leaders and the banking institutions would then engage 
in a dialogue addressing these issues, and determine ways of improving the in
vestment tendencies within the community. 

A questionnaire instrument was designed to identify critical issues related to 
banking practices and perceptions of lending. Residents of the two communities 
who were 18 years of age and older were eligible to participate in this question
naire. The planning departments, with assistance from neighborhood association 
leaders, provided the clusters of residents for each neighborhood in each city. 
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Participation in the completion of the survey was voluntary. The neighborhood 
association enumerators delivered a copy of the questionnaire to residents and 
explained the study to them. Residents who agreed to participate in the study 
received a clean copy of the questionnaire from the enumerator. The enumerator 
asked the questions verbally from a separate questionnaire, and allowed the re
spondents to follow and record their answers. The enumerator could not see what 
the participants' responses were. Each enumerator was responsible for conducting 
10 interviews over a 4-day period and returning the completed results on the fifth 
day to the community investment leader for each city. Each interview took ap
proximately 1 hour to complete. Of the 600 questionnaires given to survey enu
merators to distribute to residents, 558 were returned for a 93% participation rate. 

This analysis will focus on the 386 participants who responded that they had 
applied for a loan with a financial institution. This group represents 69% of the 
participants. The study design for this analysis included demographic factors, 
credit activity factors, economic resource items, banking relationship questions, 
and a question on credit knowledge (knowing how to obtain a credit report). The 
demographic factors included gender, marital status, age, ethnicity, and city of 
residence. The credit activity factors included items inquiring about people meet
ing with a financial institution regarding credit and having seen their credit report 
in the last 2 years. Economic resources items asked about income sources, annual 
income, home ownership, real estate ownership, and number of motor vehicles 
owned. Banking relationship questions included questions about having a check
ing account, having a savings account, having outstanding loans, owning a credit 
card, or having no banking relationships. The average age of the participants was 
just under 40 years. Sixty-two percent of the participants were female. The partic
ipants were evenly distributed across the two cities. Fifty-six percent of the loan 
applicants had their requests accepted. Most of the participants received their in
come through employment, although 36% had an annual income under $10,000, 
with a total of 70% of them earning less than $20,000 a year. Seventy-six percent 
of the participants were African-American. Multivariate logistic regression analy
sis of loan acceptance rates was run on all factors to determine the relative influ
ence of each factor while controlling for the effects of other factors. 

The results showed that participants who owned a home were approximately 
twice as likely to have a loan request accepted as those with no homeownership 
(odds ratio = 2.14, 95% C.I. = 1.00, 4.58). Participants with a savings account 
were nearly four times more likely to have a loan request approved than those 
with no savings account (odds ratio = 3.95, 95% C.I. = 2.02, 7.71). These 
results seem to indicate that factors such as homeownership and an established 
banking record in the community are related to loan acceptance. This implies 
that some individual economic resources are expected on the individual's behalf 
for loan approval to be granted. This study serves to illustrate how the commu
nity ergonomic framework can help to evaluate the many facets related to access 
to economic resources and prosperity in a community. 
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A Case Study of Enterprise Networks 
in France 
Community ergonomics and quality management methods can be used as a tool 
for developing interrelationships among enterprises in a given geographical 
zone. Four key objectives of these enterprise networks are (1) to share experi
ences and expertise on a given topic (such as quality management and training), 
(2) to improve the quality of the environment, (3) to set up a common structure 
to achieve goals (for instance, government organizations), and (4) to share re
sources for a given goal. A key issue in developing such a network of enterprises 
is to achieve adequate participation of as many enterprises as possible. Without a 
high level of participation among the targeted enterprises, such a network may 
not be effective and, therefore, will not be able to achieve its objective. Using the 
model of participation proposed by Haims and Carayon (1998), we can assume 
that networks of enterprises are effective and develop over time if the develop
ment process using community quality management methods fosters action, 
feedback, and feedback control. Two different models of enterprise networks are 
currently being developed in the eastern region of France called Lorraine. These 
networks use community ergonomics and quality management methods as a tool 
to achieve their stated objective. The first network is located in the industrial 
zone of Ludres-Fleville (south of Nancy), while the second network is located 
in Moselle-est (north of Lorraine). These two networks are used as case studies 
to provide a better understanding of how community quality management can 
(and cannot) be used to develop and improve interrelationships among enter
prises in a given geographical zone. In order to study the first network, we used 
a participant-observer method, while in the study of the second network, inter
views and analysis of documents were used. Data was collected and analyzed to 
determine the degree to which action, feedback, and feedback control were built 
into the development process of these networks. 

Network in the Industrial Zone of Ludres-Fleville. The enterprise net
work in the industrial zone of Ludres-Fleville (ZLF) uses quality management as 
a methodology, and also as an objective. The ZLF is comprised of about 200 
small- and medium-sized enterprises. It is located in the cities of Ludres and 
Fleville in the eastern part of France. In 1995, a group of political and economic 
actors in the LF region created an association (Association for Industrial Excel
lence in Ludres-Fleville—AEILF). The purpose of AEILF was to achieve two 
main objectives: (1) quality in the enterprises of the ZLF (e.g., implementation 
of ISO 9000 programs), and (2) quality of life and work in the ZLF itself. About 
half of the enterprises of the ZLF joined the AEILF. Based on a survey of enter
prises of the ZLF, seven working groups were formed to examine problems com
mon to the enterprises of the ZLF using quality management problem-solving 
tools and principles. A project manager hired by the AEILF led these groups. 
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The groups examined the following issues: (1) safety, (2) traffic transportation, 
(3) mail multimedia, (4) communication on the ZLF family issues, (5) training 
relationship between enterprises and education/training institutions, (6) environ
ment, and (7) shared services (e.g., energy, human resources management). A 
flow diagram was built by the steering committee of the AEILF to define the 
overall functioning of the working group. In addition, problem-solving guide
lines were given to each group. 

Network in Moselle-est. In contrast to the network in the ZLF, which used 
more of a top-down approach, the network of enterprises in Moselle-est used a 
bottom-up approach. In response to demands from local small- and medium-
sized companies located in Moselle-est, in the eastern part of France, an associa
tion was created in 1991 (European Space-Initiative-Competitivity—EEIC). The 
EEIC includes more than 40 enterprises located in Moselle-est. Problems and dif
ficulties experienced by the enterprises comprising this association or network 
were used as the starting point to create a work group or subnetwork. The creation 
of a new group or subnetwork was carefully studied before proceeding. Managers 
and employees from the member enterprises led each subnetwork. The EEIC's 
role focused on logistics as well as providing administrative support for the vari
ous subnetworks. There were 6 subnetworks addressing the following topics of 
interest to enterprises: (1) quality assurance, (2) continuing education and train
ing, (3) quality measurement, (4) the environment, (5) exports, and (6) quality 
management. Recently, the EEIC has expanded its domain by creating a subnet
work on quality in the public sector. Analyses of the network in the ZLF show the 
difficulty in maintaining a high level of participation among enterprises of the in
dustrial zone in activities related to the development of the network. This second 
network seemed to be more successful in sustaining a high level of participation 
of enterprises. The difference in participation levels may be due to the history of 
the networks (e.g., how the network was started, age of the network), but also to 
the characteristics of the networks in terms of action, feedback, and feedback 
control. 

CONCLUSION 

This chapter introduces the theory and practice of community ergonomics to the 
framework of macroergonomics. CE is a long overdue answer to the application 
of human factors engineering principles to address complex societal problems. 
The robustness of the foundations defining CE lies on the theories on which 
it was built. The CE principles presented in this chapter are the canons driving 
the effective practice of the CE approach. The CE interface design process is 
flexible enough in nature to accommodate numerous situations and overcome 
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unforeseeable challenges, yet structured enough to ensure successful completion 
of the process with solutions having a positive long-term impact in the commu
nity in question. 

Community ergonomics is a philosophy, a theory, a practice, a solution-finding 
approach, a process, all in one. That is why the role of the community ergonomics 
professional or CEE (community ergonomics engineer) is essential in the success
ful implementation of this approach to improving complex societal systems show
ing signs of CST (cumulative social trauma). CST is not to be taken lightly; the 
costs are immense in every respect; financial, human, social, health, and develop
mental. When any one group of people, a community, or region is isolated, alien
ated, and blocked from access to resources, the consequences are detrimental. 
CST is indeed a social ailment affecting the core of society, the human element, 
the intellectual resource, the social fabric that inhibits the evolution, development, 
and growth of human kind as contributing members of society. CE provides the 
tools, the techniques, and the ideology necessary to break through the barriers that 
destine communities to experience CST and bridge the gap between people and 
the community environment in which they function. 

It is no coincidence that the case studies presented here show that as we enter 
the 21st century we still encounter situations in which people do not have equal 
access to economic resources (as shown in the bank lending practices study), or 
segregation (as shown by the shocking statistics describing the MCIP), or that 
different approaches in enterprise network building lead to different outcomes in 
terms of participation, learning, and feedback control (as shown in the compara
tive study of two regions in France). However, it is important to emphasize that 
as valuable as CE is in unveiling and overcoming these societal problems, the 
role of a CEE is essential in ensuring that desirable outcomes are achieved and 
social conditions are improved in the communities in question. Every effort 
should be made not to cause further damage in areas showing signs of CST such 
as isolation, alienation, and learned helplessness. CE is indeed a powerful tool 
and promising in many respects and at many levels. As shown in the case of the 
MCIP, the benefits at the individual as well as group and community levels are 
priceless and long-lasting. Instilling in people a sense of self-esteem and self-
efficacy and providing them with tools to exert control over their environment 
and actions through social tracking, self-regulation, learning, and feedback 
control gets to the true essence of CE. It is community residents in these now 
disadvantaged areas who will break the cycle of detrimental effects of long-term 
exposure to CST conditions and build new healthy, strong generations of people 
able to self-regulate and make valuable contributions to their communities and 
the world. 
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INTRODUCTION 

Technological development has contributed enormously to economic growth and 
social progress in the industrialized world. It is beyond doubt that wealth in 
today's world is mainly of applied technological origin and is primarily the prod
uct of applied science and technological knowledge. Technological advancement 
has elevated mankind standard of living and contributed greatly to the reduction 
of many sources of occupational accidents, injuries, and stresses. However, the 
influence of technology on the quality of working life is two-sided: along with 
wealth, advanced technology has brought new sources of work stress and in
juries. The complexity of modern technology, the changing nature of work, the 
work organization, and the production system has placed extra demands on the 
workforce. As a result the total work demand (mental and physical) has some
times increased. 

Further, increased competition in global markets imposes higher challenges 
on innovation, productivity, and product quality. This, in turn, requires a knowl
edgeable workforce with broader skills who are flexible and motivated with ac
cess to advanced technology and information. To achieve this an organizational 
structure and management system is required in which operators' knowledge and 
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skill are continuously improved through education and training and the total 
company resources are fully utilized for optimum performance and for dealing 
with rapidly changing problems at work. In this endeavor, progressive firms are 
shifting from a technology-centered to a human-centered approach, regarding 
people as central to all development initiatives. This notion highlights the impor
tance of ergonomics in the development and application of technology to ensure 
that the technology is accepted and fitted to its users and to its operating environ
ment for safe and effective use. 

In the industrialized countries (ICs), technological advancement has also 
contributed to the growing awareness and recognition of the importance of er
gonomics. The sphere of ergonomics (micro and macro) has thus been expanded. 
Development of new organizational structures, management systems, and work 
methods, as well as recommendations, directives, and standards concerning these 
issues have become an important part of ergonomic activities. Issues that deal 
with people and how they perform are considered as important as the technology 
per se and are linked to the overall company policies. At the same time, coopera
tion between managers and employees in a participatory problem-solving 
process has become a successful practice at many workplaces. 

It could be stated that 1C are trying to keep pace with technological advance
ment through development of know-how, legal, and administrative procedures 
for protecting their workforce, keeping their competitive advantage and making 
optimum use of technology. 

SITUATION IN THE INDUSTRIALLY 
DEVELOPING COUNTRIES 

Industrially developing countries (IDCs) strive for an overall improvement in the 
quality of life to be achieved through economic growth. Industrialization, mostly 
through importation of advanced technology, often is considered as the quickest 
way of achieving economic development and social progress. However, because 
of several complex sociocultural, economic, human, and technological factors, 
this policy is not always successful in terms of leading to any significant im
provement in the IDCs' economies or people's quality of life. 

It is generally accepted that the characteristics of a technology are mostly deter
mined by the prevailing conditions of the technology-producer country. It usually 
reflects the specific requirements and availability of both human and material 
resources, income level, resource costs, organization and political systems, infra
structure, and sociocultural conditions of the country for which the technology is 
designed. When the technology is transferred from an 1C to an IDC that has differ
ent requirements and characteristics, some adaptation is needed to fit the transferred 
technology to the recipient country. However, due to ignorance and lack of demand 
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from technology recipient countries, very seldom do companies take the initiative to 
adapt their technology to the conditions of the recipient countries. 

The developing world, with about 80% of the global workforce, can have ac
cess (depending on their accessibility1) to advanced technology without having 
developed sufficiently their technology-absorptive capacity or their legal or 
administrative infrastructure to successfully utilize the imported technology and 
control its adverse consequences. 

Industrial development through technology transfer requires, firstly, con
scious and rational selection of the technology from the wide range of technol
ogy available in the world market, and then adapting it to local requirements. 
Secondly, it requires preparing local conditions for optimum absorption of the 
technology and adapting the society and social services to the changes required 
by the new technology. Many social functions and management practices in 
IDCs are incompatible with the demand of industrial progress. Lack of a safety-
conscious culture, low educational standards, inadequate training in handling the 
new technology, lack of a proper environment for innovation, and inappropriate 
organizational structure for optimum utilization and maintenance are some of the 
contributing factors to technology transfer failure. 

Industrially developing countries share some common problems, such as 
poverty, low productivity, and low product quality. The importation of inappro
priate technology, which could not be fitted to local conditions (in every sense of 
the word), is considered as one of the reasons for the current problems in most 
IDCs. This has created a vicious circle of unemployment, chronic poor health, 
high rate of accidents, low motivation, increased physical and mental stress, 
and low productivity (Shahnavaz, 1987). The aim of using ergonomics in the 
technology transfer process is to break this vicious circle of failure by creating 
productive, safe, and satisfactory condition; for technology users. 

APPROPRIATE TECHNOLOGY 

Technology—defined in terms of physical products, techniques, know-how, in
formation, skill, labor, and organization—is an integrated part of a country's 
structure. It is also a part of the dynamic element of culture. Consistent with so
ciotechnical systems theory (see Chapter 1), any changes in technology have an 
impact on the social, political, and economic systems. 

An appropriate technology is a technology that is (a) suited to its user popula
tion and to the environment in which it is used, (b) appropriate to the needs and 
means of the local population in a long-term perspective, and (c) considers local 

1 The World technology is narrowed down to the technology in use in IDCs depending on their 
communication ability and selection mechanism. 
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educational, social, cultural, infrastructure, economic, and political aspects. Tech
nology, in a broader sense, is a means by which a country undertakes to change its 
circumstances to better satisfy its needs. It therefore is not the objective of devel
opment, but rather the principal means for attaining the required development. 

The broad range of circumstances that exist within the various countries 
of the world (with regard to economy, climate, demographics, culture, customs, 
political systems, and social conditions, etc.) highlights the need for different 
development strategies and the selection of alternative technology. With regard 
to IDCs, which are mostly dependent on technology-producing countries for 
their industrialization, the right selection and proper application of transferred 
technology is of vital importance. 

Appropriate technology is not a general concept and there is no uniform pre
scription or single system that one can regard as the appropriate technology for 
all IDCs at all times. It differs according to place and stage of development. 

For IDCs trying to achieve the goal of strengthening their autonomous capac
ity for using and creating technology for meeting their needs through their own 
efforts, it is important to identify which technology to acquire, how to transfer it, 
how to implement it, how to adapt it to its users and its operating environment, 
how to maintain it, and how to build on it. Ergonomics is of significant help in 
this process. 

PROCESS OF TECHNOLOGY TRANSFER


The aim of technology transfer (TT) is to ensure that imported technology makes 
the maximum contribution to the technical progress and economic and social de
velopment of a country. However, the often-used technology selection strategy 
that has only an economic objective in mind has many shortcomings and cannot 
succeed in the long run. Further, in the technology transfer process, emphasis 
usually is placed on the engineering aspect of technology (technoware). As a re
sult of this narrow approach, many IDCs are struggling not only with a low rate 
of technology utilization, and low product quality, but also with the ill health of 
their workforce due to poor working conditions. In order to avoid past mistakes, 
a more holistic and systematic approach, considering all of the interacting tech
nology components, should be adapted with regard to technology transfer. 

According to the Technology Atlas Team (Sharif, 1988; TAT, 1987), technol
ogy comprises four interrelated components: 

1. Technoware (machines, equipment, tools, physical processes, capital and 
intermediary goods, etc.) 

2. Human (human labor, human capacity, capacity for systematic application 
of knowledge and problem solving, skill, know-how, ideas, etc.) 



 315 1 5. TECHNOLOGY TRANSFER

3. Information (scientific and other forms of organized knowledge, technical 
information, data, computer software, recommendations, standards, etc.) 

4. Organization (organization of products, processes, tools, and services, social 
arrangements, means for using and controlling factors of production, etc.) 

All four components of technology are complementary to one another and are 
required for the production of goods and services. Depending on the nature of the 
activity, the relative importance of each of the four components may differ. Fur
thermore, technology does not operate in a vacuum. Its use takes place within an 
operating environment (technology climate). Therefore, not only the four compo
nents but also their interactions within the operating environment must be fully 
considered. The technology climate includes both external and internal factors. 
The external environment includes factors such as physical infrastructure, support 
facilities, R&D institutions, and political and legal systems as well as country cul
ture and administrative institutions. The internal factors include the firm's culture, 
physical environment, economic conditions, and social and political conditions. 

MAKING TECHNOLOGY TRANSFER 
A SUCCESS 

The transfer of a technology from a firm in an 1C to a firm in an IDC depends 
on the decisions made both by the technology supplier (1C) and the technology 
receiver (IDC), as well as the dynamic interaction and communication between 
the two partners. The environment surrounding the technology transfer is also 
another major component in this process. The environment influences the devel
opment of a particular relationship between the partners. The success of the 
process is determined by communication and cooperation between partners— 
something that can be developed only during long-term contacts. Furthermore, it 
is generally agreed that three characteristics of the technology recipient's envi
ronment are decisive for successful technology transfer: government policy, tech
nical absorptive capacity, and cultural distances (Robinson, 1988). Figure 15.1 
illustrates the model of technology transfer between two partners. 

ERGONOMIC CONSIDERATION IN THE

PROCESS OF TECHNOLOGY TRANSFER


The level of ergonomic awareness by the technology supplier and receiver firms, 
as well as their commitment to ergonomic issues, will greatly influence their deci
sion regarding how appropriate transferred technology will be put into effect. 
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FIG. 15.1. Technology supplier and receiver decision making 
and action. 

These can be analyzed by closely examining the firm's characteristics and attitudes 
because they generally reflect the firm's own micro- and macroergonomic condi
tions. The better the ergonomic conditions of a firm and the firmer its commitment 
to ergonomics (both at micro and macro levels), then the better the choice and uti
lization of technology, leading to a more appropriate technology transfer. How
ever, it should be remembered that even an "ergonomically designed product" (or 
system) made for a certain population cannot be used efficiently and safely by a 
different population in a diverse environment (Shahnavaz, 1989). 

Ergonomic considerations, from both the classical human-machine aspects of 
micro-ergonomics and the organizational and sociocultural issues of macroer
gonomics, ensure successful transfer of technology. Ergonomics contributes to a 
"good fit" among technology, its users, and the operating environment, creating 
the needed compatibility within system components for a harmonic and efficient 
interaction. It also is a useful tool for evaluating the choice of technology and its 
implementation. As technology becomes increasingly more complex, ergonomic 
considerations are more important in order to eliminate possible negative effects. 

Ergonomics at the Micro Level. At the micro level, ergonomics is 
concerned with the design of products or systems with the objective of creating 
a "usable" user-machine-environment interface. A mismatch during humans, 
technology, and/or technology climate can be physical (anthrophysiologic), mental 
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(cognitive or psychological), or both. Issues of user-interface design concerning 
human dimensions, physical and mental capacity, abilities, and preferences (psy
chophysical) are of micro-ergonomic interest. 

Issues that need to be considered in the process of technology transfer at the 
micro-ergonomic level are: anthropometry, physical work capacity, functional 
abilities, physical working environment, and cognitive and cultural differences 
that exist between technology producers and users. 

MACROERGONOMIC ISSUES 

Macroergonomics refers to the proper design of organization and management 
systems, including their software aspects. There is evidence that, because of 
differences in culture, sociopolitical conditions, and educational level, many 
successful managerial and organizational methods developed in industrialized 
countries could not be successfully applied in third world countries (Negandhi, 
1975). On the other hand, technology transfer is not just a hardware transfer. The 
physical infrastructure and human resources, as well as the organizational struc
ture and management system, must be compatible for a technology to work. 

An organization and its structure, values, and behavior pattern are usually a 
cultural product, which is more strongly emphasized in the traditional societies 
of IDCs than in ICs. Compatibility must exist at all level of culture—societal, 
organizational, and professional. Kedia and Bhagat (1988) consider social and 
organizational compatibility as the most important determinants of a successful 
technology transfer. 

In most IDCs, an organizational hierarchy and the downflow of authority 
within the organization is a common practice. Western values, such as democ
racy, empowerment, or power sharing in decision making, which are regarded 
as key issues in modern management for proper utilization of human resources 
(with regard to intelligence, creativity, problem-solving potential, and ingenu
ity), do not agree with the cultural sense of hierarchical power. The feudal 
system of social hierarchy and its value system are widely practiced in most 
industrial workplaces. This makes, for example, the participatory management 
approach (which is regarded as essential for the new production mode of flexible 
specialization and a motivated workforce) a difficult endeavor. However, there 
are reports that confirm the desirability of introducing autonomous work systems 
in these cultures (e.g., Ketchum, 1984). Research evidence also shows that if a 
proper approach is adapted, many firms in IDCs also are eager to make use of 
these macroergonomics finding (Helali & Shahnavaz, 1996, 1998). 

A major problem of many transferred technologies is the lack of macroer
gonomic consideration. Macroergonomic issues are more complex than micro-
ergonomic issues because they are widely influenced by the firm's culture which, 
in turn, is much affected by the sociocultural structure of the country. 
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A problem pertaining to the implementation of macroergonomics is the lack 
of awareness regarding its benefits. The concept is regarded as both new and 
a Western product. Therefore, macroergonomics often is resisted by IDC 
managers. A useful strategy for ergonomists dealing with these issues is to find 
familiarity between ergonomic principals and the sociocultural values of the IDC 
organization and try to aim for "small wins'." Because these issues are both great 
and complex to deal with, it is better to find linkages between the ergonomic 
principals and the accepted norms and values in the society for easier acceptance 
and implementation. For example, in Islam, consultation in problem solving is 
recommended (Koran, Sora, 42:37). This statement can be used as a fundamen
tal argument for participatory ergonomics and as a basis for organizational re
form in traditional Islamic countries. 

Macroergonomics is better accepted if it is justified within the national cul
ture, such as in religion, folk tales, stories, phrases, and expressions. According 
to McWhinney (1990), 

. . . conflict is avoided by making changes in accordance with the path of the myth 
and stories that guide our lives. Changes are most effectively accomplished when 
we have uncovered the core stories of the relevant culture and use our skills and 
courage to advance along the paths that are natural to the person, the organization, 
and the culture. 

A clever strategy would be to make the best use of the positive features of a so-
ciety's culture for promoting ergonomic ideas and principles. A good example of 
cultural appreciation with regards to designing management strategy is the imple
mentation of the "seven tools" technique for quality assurance in Japan. Seven tools 
are the minimum weapons a samurai warrior carried with him when he went out to 
fight. The quality Control Circle pioneers named the basic tools that are required 
for quality improvement the "seven tools"—a familiar term to everyone in Japan— 
in order to involve all employees in the quality work (Lillrank & Kano, 1989). 

Organizational Design and Management 
An organization is a social structure wherein employees play a decisive role in 
improving its performance. Decision making and action taking should be con
centrated in the heart of the operation to reduce the risk and duration of system 
failure and to better utilize resources as well as increase system reliability and 
availability. However, organizational change is a difficult, time consuming, and 
expensive process. Cultural factors, including the way people interact with each 
other in an organization and commit themselves to organizational goals, are 
complex matters that have significant bearing on the success of an organizational 
change (Shahnavaz, 1998). It, therefore, is necessary to match management 
methods and techniques to the local conditions. 
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Societal and organizational culture-based differences should be considered 
when designing or introducing change in an organization. With respect to infor
mation technology, De Lisi (1990) indicates that networking capabilities will not 
be realized unless the networks fit the existing organizational culture. 

In some cultures the family has a strong role to play in work organization. 
Among some communities in India, for example, a job is generally regarded 
as a family responsibility and is collectively performed by all family members 
(Chapanis, 1975). 

Zhang and Tyler (1990), in a case study related to the successful establish
ment of a modern telephone cable production facility in China, supplied by a 
U.S. firm, stated: 

Both parties, realize, however, that the direct application of American or Essex 
management practices was not always practical nor desirable due to cultural, philo
sophical, and political differences. Thus the information and instructions provided 
by Essex were often modified by the Chinese partner to be compatible with the 
conditions existing in China. 

Design of many macroergonomics features are closely influenced by culture. 
Further examples are the design of a maintenance program (both preventive and 
regular) and housekeeping and work schedules, which are a common problem in 
many IDC workplaces. 

The traditional culture of agricultural societies, predominant in many IDCs, is 
not compatible with the requirements of industrial work and how activities are 
planned. For example, traditional agricultural activity does not require vigorous 
formal preventive and corrective maintenance programming or precision work, 
and is generally not under time pressure. In the field, it is usually left to nature to 
take care of the maintenance and house-keeping work. Designing maintenance 
program and housekeeping manuals for industrial activities should consider 
these cultural constraints and provide for adequate training and supervision. 

With regard to work schedules, in the Islamic culture, for example, people are 
required to break work at least once within a work shift for praying, and to fast 
for 1 month each year from sunrise to sunset. These cultural constraints require 
special work organization considerations. 

Unfortunately, in many IDC companies, narrow, tightly controlled, fragmented 
jobs and hierarchical organization are still common practice. They usually are the 
cause of low motivation among workers, having adverse effects on both individual 
and organizational performance. On the other hand, advanced technology requires 
a human-centered organization for its effective operation (see Chapter 1). Intro
ducing organizational changes and new management systems could easily be 
achieved in IDCs through a process of training and education in macroergonomics 
for both management and employees. This training and education will bring about 
awareness and action, aiding in the introduction of necessary changes. It has been 
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shown that this is quite possible and that the synergistic effect of a macroer
gonomic approach is significant (Helali & Shahnavaz, 1996, 1998). 

The organization should regard employees as its future problem-solving 
agents, and must thus allow for enhancement of their skills and innovative capaci
ties. To facilitate employees' participation in solving technical and psychosocial 
problems at work, and to create a safe and productive environment, management 
must institute a vigorous program of education, training, and self-improvement. 

Combining bottom-up and top-down approaches, macroergonomics takes 
full advantage of utilizing broad participation within the organization. This will 
create a shared vision and a program for change acceptable to both employees 
and management. This is especially essential to develop more complex and 
sophisticated systems. 

Workers' Participation 
Participatory ergonomics is a useful macroergonomic approach for solving various 
work-related problems (see Chapter 2). Because the introduction of new technol
ogy needs to be legitimized by the workers as well as by management, a number of 
studies have emphasized the significance of worker participation in the introduc
tion process (Noro & Imada, 1991; Wilson, 1991). Worker participation can help 
improve the quality of the decision and implement the technology to its fullest. 

In this competitive world, a company cannot survive without the total involve
ment of its people in technology utilization. Although participation is a culture-
free concept, political as well as sociocultural factors must be considered for 
technology's proper applications in IDC workplaces. According to Liker et al. 
(1988), ". . . effective participatory ergonomics program can take many forms. 
The best program for any plant in any culture may depend on its own unique 
history, structure and culture." 

Participation between the technology supplier and receiver is needed at all 
stages of the technology transfer life cycle. It should start at the design concep
tion stage and continue throughout the technology transfer to the actual utiliza
tion of the technology. 

Communication 
Culture is the key to effective and clear communication and dialogue, which is the 
means of information flow between the technology supplier (S) and technology 
receiver (R). Because technology utilization is a continuous process, proper 
communication and interaction of the two partners (S&R) are essential. Bridging 
cultural differences and learning to understand each other is a key for successful 
technology transfer and building a long-term relationship. Clear and effective 
communication plays a decisive role in all five phases of technology transfer 
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(i.e., initiation, analysis, selection, implementation, and utilization). In each 
phase, the information necessary for making mutual decisions is exchanged 
between the two partners. Information is invaluable in order to assess the envi
ronmental characteristics of the technology receiver (e.g., the capacity to absorb 
a new technology). It is needed to predict the cultural differences as well as to 
provide knowledge regarding a firm's characteristics, including the current state 
of its macro- and micro-ergonomics, incorporation of ergonomics in the technol
ogy transfer, and the necessary actions for a successful transfer. 

The present globalization of information and communication technology is 
the fastest growing technology transfer in the world. However, in order to make 
full use of the technology, variations in culture, legal aspects, infrastructure, 
human resources, and organizational issues need to be considered. Walsham 
(1993) noted that when the design and development process of an information 
system strictly reflects a common top-down structure of an IDC, the system is 
most likely to fail. Meshkati (1986) described the systematic integration of eco
nomic and ergonomic analyses that needs to be performed in each phase of TT 
through communication and joint action by the technology supplier and receiver. 

Environmental Factors 
Government Policy 

The macroergonomic parameters that should be considered in government 
policy include (a) proper assessment of the country's needs with regard to the 
nature and type of technology, (b) establishment of relevant research institutes 
and support organizations for promotion, implementation, and control of safety 
and ergonomics at work, (c) development of national statistics and data banks, 
(d) recommendations, standards, and directives for ergonomic implementation, 
and (e) monitoring of work environment practices, collection of health and 
safety statistics, and establishing an effective information network. 

Because the many factors that influence the nature, extent, and diversity of 
technology transfer problems are specific to each IDC, it is necessary for each 
country to make research, education, and training an indispensable part of its in-
dustrialization/development policy. Likewise, proper legislation and inspection 
procedures have significant roles in the encouragement of ergonomic issues. 
These procedures also can have a crucial impact on companies with respect to 
the maintenance of their ergonomic programs. Further, it is an important way of 
ensuring a healthy, safe, and ergonomically sound workplace, thus contributing 
toward the national aims of prosperity and higher quality of working life. 

The macro-level actors, such as government, business organizations, and 
organized labor, are the major determinants of macroergonomics at work. The 
higher their knowledge and commitment to these issues, the better will be the 
firm's organization from a macroergonomic viewpoint. 
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Technology Absorption Capacity 

In the context of technology absorption capacity, one of the main problems for 
IDCs is the lack of scientific and technological infrastructures and training 
facilities for improving the workforce's level of education, skill, and understanding 
of safe and effective operation, maintenance, and development of the imported 
technology. These are important because technology will be absorbed better at the 
local environment if it is in harmony with its users and its operating environment. 
Certain concrete steps can be taken to meet this problem; for example, in most 
cases the necessary ergonomic knowledge for making the right choice with regard 
to purchasing a new technology or its proper utilization does not exist among com
panies in IDCs. In other cases, adaptation of the imported technology to local con
ditions, or modification and correction of technology, may be needed to make the 
technology more efficient and to minimize its negative effects. In such cases assis
tance can be sought from an ergonomic consultancy or research organization. A 
well-established support and information system for providing ergonomic informa
tion at the country level ensures proper choice and utilization of the imported 
technology. 

Cultural Diversity 

Vis-a-vis cultural distances, the local culture of the technology recipient firm 
and its similarities with the technology producing firm greatly influence the suc
cess of the transferred technology. Cultural values and behavioral patterns have a 
direct bearing on people's willingness and ability to adapt and absorb technol
ogy. A successful transfer thus requires that the cultural barriers be overcome 
and cultural issues considered in the life cycle of the technology transfer process. 
However, it should be remembered that the ultimate responsibility for successful 
technology transfer rests with the technology receivers—the recipient country's 
policymakers involved in development planning as well as the firms actually 
importing the technology. 

At the national level, effective institutions are needed for the formulation and 
implementation of sound policies. It is vital that they support the local firms, 
conducting inspections and control to ensure appropriate technology transfer 
and utilization. At the firm's level, serious consideration of macro- and micro-
ergonomics, including proper interaction between technology supplier and tech
nology receivers, will greatly help not only in selecting the right technology, but 
also in utilizing it efficiently in the long run. 



16


Macroergonomics

and Aviation Safety:


The Importance

of Cultural Factors
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Facts are not pure and unsullied bits of information; culture also influences what 
we see and how we see it. Theories, moreover, are not inexorable inductions from 
facts. The most creative theories are often imaginative visions imposed upon facts; 
the source of imagination is also strongly cultural. 
—Dr. Stephen Jay Gould, renowned Harvard University professor of geology, 
biology, and the history of science (Gould, 1981, p. 22) 

INTRODUCTION 

Whenever you fly an aircraft, either sitting in the cockpit or back in the passen
ger cabin, land at a "foreign" airport and your flight safety is likely to be at 
the mercy of macroergonomic considerations. These considerations include 
systematic incorporation of cultural factors in work system design and oper
ation. The above succinct epigraph, which provides the first compelling rea
son, is also a testament to this contention. It may be anathema to many scholars 
and practitioners of "hard" sciences and other engineering-dominated fields, 
but recent rigorous research has proven that even scientific theories, facts, and 
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practices—that determine and govern aviation systems' operations—are strongly 
culturally based. 

For instance, according to an investigative article in The New York Times 
(May 23, 2000), an attempt to ban communication in French between pilots and 
air traffic controllers at Charles de Gaulle airport near Paris lasted only 15 days, 
primarily due to cultural factors—more specifically, because of "stubborn Gallic 
pride that persists among French pilots and air controllers." As all non-French 
speaking seasoned pilots who have approached this airport suggest, this decision 
could have serious long-term safety implications. 

Macroergonomics is focused on the overall people-technology system level 
and is concerned with the impacts of technological systems on organizational, 
managerial, and personnel subsystems. It includes areas such as training, man
agement, the planning process, information systems, internal review/inspection 
programs, performance measurement systems, reward structure, initial employee 
qualification assessments, and personnel selection criteria (Hendrick, 1986). In 
addition to micro-ergonomic factors, the aviation industry could greatly benefit 
from systematic incorporation of macroergonomic considerations in aviation 
systems design, operation, and maintenance. 

Moreover, understanding the impact of cultural factors, which constitute the 
dormant and, probably, the most subtle subset of macroergonomic considera
tions, is of paramount importance in aviation safety because the aviation industry 
will become even more "international" in the near future, and because inter
national traffic is expected to continue providing a greater overall share of world 
air transport. Boeing expects it to account for 54% of all air travel in the next 20 
years, with domestic traffic making up the other 46% (Financial Times, May 21, 
1994). This increasing trend heightens the importance of aviation technology 
transfer from primarily Western aircraft and systems manufacturers to some 600 
airlines and air traffic control centers in countries around the world. Thus, not 
only should cultural factors be considered, but they should be given even greater 
attention in global aviation safety. 

The objectives of this chapter are three-fold: to define the dimensions of na
tional cultures; to provide factual justifications for, and examples of, the critical 
impact of cultural factors in aviation safety; and to identify important culturally 
based parameters affecting aviation safety. 

NATIONAL CULTURAL FACTORS 

National culture, according to anthropologists, is the way of life of a people—the 
sum of their learned behavior patterns, attitudes, customs, and material goods. 
According to Azimi, the culture of a society consists of a set of ideas and beliefs 
(Azimi, 1991). These ideas and beliefs should have two principal characteristics 
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or conditions: first, they should be accepted and admitted by the majority of the 
population; and second, the acceptance of these beliefs and ideas should not nec
essarily depend on a scientific analysis, discussion, or convincing argument. 
Also, national culture, in the context of technology transfer and utilization, could 
operationally be defined as the "collective mental programming of people's 
minds" (Hofstede, 1980a). 

National culture affects not only the safety, but also the success and survival of 
any technology. National cultures differ on at least four basic dimensions: power 
distance, uncertainty avoidance, individualism-collectivism, and masculinity-
femininity (Hofstede, 1980b). 

Power distance refers to the extent to which a society accepts the fact that 
power in institutions and organizations is distributed unequally. It is an indication 
of the interpersonal power or influence between two entities, as perceived by the 
least powerful of the two [Boeing Commercial Aircraft Group (BCAG) (1993)]. 

Uncertainty avoidance concerns the extent to which a society feels threatened 
by uncertain and ambiguous situations. It also refers to attempts to avoid these 
situations by providing greater career stability, establishing more formal rules, 
not tolerating deviant ideas and behaviors, and believing in absolute truths and 
the attainment of expertise. 

Individualism refers to a "loosely knit" social framework in which people are 
supposed to take care of themselves and their immediate families only, while 
collectivism is characterized by a tight social framework in which people distin
guish between in-group and out-group; they expect their in-group members (e.g., 
relatives, clan, organization) to look after them, and in exchange, they owe 
absolute loyalty to the group. 

The masculinity dimension expresses the extent to which the dominant values 
in a society are "masculine," as evidenced by decisiveness, interpersonal direct
ness, and machismo (Johnston, 1993). Other characteristics of masculine cultures 
include assertiveness, the acquisition of money and material goods, and a relative 
lack of empathy and reduced perceived importance for quality-of-life issues. This 
dimension can also be described as a measure of the need for ostentatious manli
ness in the society (Boeing Commercial Aircraft Group, 1993). Femininity, the 
opposite pole of this continuum, represents relatively lower assertiveness and 
greater empathy and concern for issues regarding the quality of life. 

The four cultural dimensions discussed above also have significant implica
tions for the performance, reliability, and safety of most complex technological 
systems. For instance, according to Helmreich (1994) and Sherman, Helmreich, 
and Merritt (1997), there is evidence that operators with high power distance and 
high uncertainty avoidance prefer and place a "very high importance" on 
automation. Furthermore, it is known that the primary purpose of regulations is 
to standardize, systematize, and impersonalize operations. This is done, to a 
large extent, by ensuring adherence to standard and emergency operating proce
dures. On many occasions it requires replacing operators' habits with desirable 
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intentions that are prescribed in procedures or enforced by regulations. However, 
according to several studies, an operator's culturally driven habit is a more potent 
predictor of behavior than his or her intentions; and there could be occasions on 
which intentions cease to have an effect on operators' behavior (Landis, Triandis & 
Adamopoulos, 1978). This fact questions the effectiveness of those regulations 
and procedures that are incompatible with operators' culturally driven habits. 

CULTURAL FACTORS 
AND AVIATION SAFETY 

The International Civil Aviation Organization (ICAO), which is a specialized 
agency of the United Nations, has acknowledged the critical importance of 
cross-cultural issues in the aviation safety. According to Maurino (1994), ICAO 
experience supports the conclusion that the effectiveness of human factors train
ing may be diminished—or even denied altogether—by the context within which 
such endeavors take place (Smith, 1992). The lessons from the ICAO Human 
Factors Programme have also shown that "safety deficiencies that could be ad
dressed by human factors training in North America may not be effectively ad
dressed at all by training in other regions of the world" [emphasis added] 
(Maurino, 1994, p. 174). Johnston (1993) and Merritt (1994) have suggested that 
North American approaches to crew resource management training may not be 
applicable in many cultures. According to Helmreich (1994a, p. 17), "this raises 
the important research question of how to measure significant cultural differ
ences and how to adapt training to reflect them." 

Cultural factors contributed significantly to the crash of an Avianca flight 052 
(the airline of Columbia) Boeing 707 in Cove Neck, New York, on January 25, 
1990. As a result of this accident, 73 of the 158 persons aboard were fatally 
injured. According to the National Transportation Safety Board (NTSB): 

The NTSB determines that the probable cause of this accident was the failure of the 
flight crew to adequately manage the airplane's fuel load, and their failure to com
municate an emergency fuel situation to air traffic control before fuel exhaustion 
occurred, (emphasis added; NTSB, 1991, p. 76) 

The world "priority" was used in procedures' manuals provided by the Boeing 
Company to the airlines. A captain from Avianca Airlines testified that the use by 
the first officer of the word "priority," rather than "emergency" may have resulted 
from training at Boeing. He stated that these personnel received the impression 
from the training that the words priority and emergency conveyed the same mean
ing to air traffic control. The controllers stated that, although they would do their 
utmost to assist a flight that requested "priority," the word would not require a 
specific response and that if a pilot is in a low fuel emergency and needs emergency 
handling, he should use the word "emergency.'''' (emphasis added, p. 63) 
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The NTSB concluded: 

The first officer, who made all recorded radio transmissions in English, never used 
the word ''Emergency," even when he radioed that two engines had flamed out, and 
he did not use the appropriate phraseology published in United States aeronautical 
publications to communicate to air traffic control the flight's minimum fuel status, 
(emphasis added, p. 75) 

Helmreich's (1994b) comprehensive analysis of the AV052 accident has 
thoroughly addressed the role of cultural factors. He contended that: 

Had air traffic controllers been aware of cultural norms that may influence crews 
from other cultures, they might have communicated more options and queried the 
crew more fully regarding the flight status . . . The possibility that behavior on this 
(flight) was dictated in part by norms of national culture cannot be dismissed. It 
seems likely that national culture may have contributed to (the crew's behavior and 
decision making). . . Finally, mistaken cultural assumptions arising from the inter
action of two vastly different national cultures (i.e., crew and ATC) may have pre
vented effective use of the air traffic control system, (parenthetical statements 
added; p. 282). 

In Helmreich's (1994b) judgment, the important role the national culture of 
Avianca's cockpit crew played in that accident also should be considered: 

In a culture where group harmony is valued above individual needs, there was 
probably a tendency to remain silent while hoping that the captain would "save the 
day." There have been reported instances in other collectivism high power distance 
cultures where crews have chosen to die in a crash rather than disrupt group 
harmony and authority and bring accompanying shame upon their family and 
in-group. (emphasis added, p. 282) 

High uncertainty avoidance may have played a role (in this accident) by locking 
the crew into a course of action and preventing discussion of alternatives and re
view of the implications of the current course of action. High uncertainty avoid
ance is associated with a tendency to be inflexible once a decision has been made 
as a means of avoiding the discomfort associated with uncertainty. 

The importance of cultural factors for automation in the aviation industry has 
been further highlighted by several important studies. Helmreich and Merritt 
(1998), in their study of national culture and flightdeck automation, surveyed 
5705 pilots across 11 nations. Based on their results, these researchers noted that 
"the lack of consensus in automation attitudes, both within and between nations, 
is disturbing" (p. 14). They concluded that there is a need for clear explication of 
the philosophy governing the design of automation. Most recently, the U.S. Fed
eral Aviation Administration Human Factors Study Team (1996) issued a report 
entitled The Interfaces Between Flightcrews and Modern Flight Deck Systems. 
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This team identified several "vulnerabilities" in flightcrew management of au
tomation and situation awareness that are caused by a number of interrelated de
ficiencies in the current aviation system, such as "insufficient understanding and 
consideration of cultural differences in design, training, operations, and evalua
tion" (p. 4). The study team recommended a host of further studies, under the 
title of Cultural and Language Differences. The proposed studies included pilots' 
understanding of automation capabilities and limitations, differences in pilot de
cision regarding when and whether to use different automation capabilities, the 
effects of training, and the influence of organizational and national cultural back
ground on decisions to use automation. 

ETHNIC VARIABLES, CROSS-CULTURAL 
ISSUES, AND THE AVIATION COMMUNITY 

Traditionally, more than in any other industry, the aviation community around 
the world has been sensitive to ethnic variables. [For a general review of "ethnic 
variables" in human factors, refer to Chapanis (1974, 1975).] However, until re
cently, attention was limited to considering physical, anthropometric, and physi
ological characteristics from among all of the ethnic variables of different user 
populations. One of the pioneering and noteworthy studies of ethnic factors and 
their effects on the safety and performance of different aviators was conducted 
by Pierce (1963). According to this work, Japanese pilots faced problems with fit 
when they had to use an American full-pressure suit—even the smallest-sized 
suits were too long for many of the Japanese pilots. This triggered an anthropo
metric survey of Japanese pilots involving measurements similar to those taken 
for the U.S. Air Force Survey. Differences in the amount of oxygen consumption 
of the pilots from different ethnic backgrounds were also studied and taken into 
account in cockpit design. It has traditionally been a requirement for American 
pilots to take supplemental oxygen when flying in an unpresserized plane above 
10,000 feet. Peruvian pilots, on the other hand, who are natives to high lands, do 
not need the additional oxygen due to special development of their lungs and 
cardiovascular systems. They could fly in comfort at 20,000 feet without the use 
of the oxygen equipment (Pierce, 1963). 

The Airplane Safety Engineering department of Boeing Commercial Airplane 
Group (BCAG) conducted an exhaustive analysis of hull loss accidents for 
Western-built commercial jet transport over 60,000 Ib. (27,216 kg.) worldwide, 
for the period 1959 through 1992. According to this work (BCAG, 1993, p. 58), 
there was "strong correlation" between accident rate and two cultural indices 
(i.e., individualism and power distance). This fact led the BCAG to recommend 
that "this is an area that needs further analysis. The industry must continue its 
efforts to identify the cultural impacts on aviation safety" (p. 61). 
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Airline executives and airplane manufacturers have also acknowledged the 
importance of cultural variables (Graeber, 1994). Robert A. Davis (1993), Vice 
President of Engineering and Product Development of Boeing Commercial Air
plane Group, in his keynote address at the 1993 Annual Meeting of the Human 
Factors and Ergonomics Society, entitled "Human Factors in the Global Market
place," referred to "diverse cultures" as one of six "human factors challenges" 
facing his industry. He stated, "Successful penetration of future growth markets 
will require us to do better at taking into account the culture that our customers' 
employees and passengers bring to our airplanes. Furthermore, our designs must 
span a wide range of human abilities across these cultures" (p. 9). 

IMPORTANT CULTURALLY BASED 
PARAMETERS AFFECTING 

ORGANIZATIONAL FUNCTIONING, 
TECHNOLOGY UTILIZATION, 

AND AVIATION SAFETY 

The following issues and examples attempt to demonstrate some important 
culturally based behaviors affecting organizational functioning, technology uti
lization, and particularly, aviation safety (adapted from Kofler & Meshkati, 
1987; Meshkati 1989, 1994, 1996): 

• risk perception 
• attitude toward work 
• work group dynamics 
• attitude toward technology 
• attitude toward organization, hierarchy, procedure, and working habits 
• attitude toward time and time of day 
• religious duties and their effects on work 
• achievement motivation and orientation 
• population stereotype (e.g., color association) 
• the "If it ain't broke, don't fix it" attitude 

CONCLUSION 

In summary, behavior analysis models and theories that are developed in one 
country reflect the cultural characteristics of that country and may not be fully 
applicable to other countries. Therefore, an organization that transfers technol
ogy to a country with a different culture should attempt to be fully adaptive to 
the host country's cultural dimensions (Demel & Meshkati, 1989). 
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Research has demonstrated that technology utilization, without the incorpora
tion of the necessary human factor and cultural considerations, is doomed to fail
ure (Meshkati & Robertson, 1986). It is incumbent on the world's airlines and 
aviation industry (aircraft and equipment manufacturers, air traffic controllers, 
and civil aviation authorities) to systematically take into account the physical 
and psychological factors, as well as the cultural attributes, of their user popula
tions in the design and operation of passenger aircraft and aviation systems. Cul
tural factors have a significant effect on the realities of operating a complex 
technology such as modern aviation, and the nature of these effects must be un
derstood and accommodated if aviation systems are to operate safely. As noted 
by the late Nobel physicist Richard Feynman (1986), in reference to the space 
shuttle Challenger explosion: "For a successful technology, reality must take 
precedence over public relations, for nature cannot be fooled." 
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There is no such thing as an accident. What we call by that name is the effect of 
some cause which we do not see. 

—Voltaire (1694-1778), in Letters de Memmius, III 

INTRODUCTION 

A common characteristic of large-scale technological facilities such as chemical 
processing plants, refineries, energy conversion and generation systems (e.g., nu
clear, fossil fuel, thermoelectric power plants, gas processing facilities), off-shore 
rigs, and high-capacity compressor and pumping stations is that large amounts of 
potentially hazardous, flammable, combustible, or pressurized materials are con
centrated and processed in single sites under the centralized control of a few oper
ators. The effects of human error in these facilities are often neither observable 
nor reversible. Consequently, error recovery is either too late or impossible. Cata
strophic breakdowns of these systems, created by manmade and natural causes, 
pose serious threats and long-lasting health and environmental consequences for 
workers in the facility, for the local public, and possibly for the neighboring 
region and the whole country. The accident at the Chernobyl nuclear power plant 
in the Soviet Union in 1986 attests to this. Chernobyl demonstrated, for the first 
time, that the effects of any such nuclear accident would not be localized, but 
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rather would spill over into neighboring countries and have global consequences. 
The radioactive fallout resulting from Chernobyl was detected all over the world, 
from Finland to South Africa. Specifically, the Europeans, in addition to serious 
health concerns, have had to deal with significant economic losses and serious, 
long-lasting environmental consequences. This phenomenon has been described 
most succinctly as a nuclear accident anywhere is a nuclear accident everywhere. 

For the foreseeable future, despite increasing levels of computerization and 
automation, human operators will remain in charge of the day-to-day control and 
monitoring of these systems. Thus, the safe and efficient operation of these so
ciotechnical systems is a function of the interactions among their human (i.e., 
personnel and organizational) and engineered subsystems. 

It is essential to realize that the Bhopal accident should not be considered an 
isolated event that is unique to and could only happen in developing countries. 
The findings of an extensive comparative analysis presented at a UN-organized 
international conference demonstrated that with the present safety precautions, 
this accident could happen at any comparable plant in any developed country, 
e.g., the Federal Republic of Germany (Uth, 1988). It could also happen, as eas
ily, in the United States—"there is no question that Bhopal would happen in the 
U.S. . . . You are dealing with such terribly dangerous chemicals that human fail
ures or mechanical failures can be catastrophic. The potential is here and it could 
happen, maybe today, maybe 50 years from now" (cited in Weir, 1987, p. 123). 
Moreover, according to a 1985 report by the Congressional Research Service, 
about 75% of the U.S. population lives "in proximity to a chemical plant" (cited 
in Weir, 1987, p. 116). In fact, according to an expert with the Environmental Pol
icy Institute, there have been "17 accidents in the U.S., where each of which re
leased the Bhopal equivalent toxic gases . . . Only because the wind was blowing 
in the right direction, Bhopal did not happen here" (USAToday, August 2, 1989). 

The underlying rationale and major objective of this chapter is to highlight 
and demonstrate the critical effects of micro- and macroergonomic factors in the 
safety of hazardous, large-scale sociotechnical systems. This is done by analyz
ing the three well-known accidents at such systems: Three Mile Island (TMI), 
Bhopal, and Chernobyl. Moreover, by integrating the common causes of these 
three accidents, a policy framework and/or guideline facilitating adherence to 
those identified, safety-ensuring factors is suggested. 

GRAVE CONSEQUENCES 
OF HAZARDOUS, LARGE-SCALE 

SYSTEM ACCIDENTS 

The aftermath of most hazardous, large-scale sociotechnical system accidents has 
serious and long-lasting health and environmental consequences. The physical 
and epidemiological consequences of the accident at the Three Mile Island 
nuclear power plant in March 28, 1979, are not fully known yet. However, 



 333 1 7. LARGE-SCALE ACCIDENTS

according to many studies, residents in the vicinity of TMI exhibited elevated 
symptoms of stress (as measured by self-report, performance, and catecholamine 
levels) more than 1 year after the accident in 1979 (Baum, Gatchel & Schaeffer, 
1983). Baum's (1988) study of TMI and other technological calamities, espe
cially with the involvement of toxic substances, suggested that they cause more 
severe or longer-lasting mental and emotional problems than do natural disasters 
of similarly tragic magnitude. The technological accident-induced chronic stress 
and the associated emotional, hormonal (i.e., epinephrine, norepinephrine, and 
cortisol), and immunological changes may cause or exacerbate illness. Moreover, 
based on Davidson and Baum's (1986) findings, symptoms of post-traumatic 
stress syndrome persisted among the residents in the vicinity of TMI even as 
long as 5 years after the accident. The investigative work of Prince-Embury and 
Rooney (1988) following the restart of the TMI nuclear plant in 1985 also found 
that psychological symptoms of stress in the residents in the vicinity of the TMI 
"remained chronically elevated" (p. 779). Furthermore, it took only $700 million 
to build the plant, but to clean it up after the accident, 400 workers had to work 
for 4.5 years with a cost of $970 million (New York Times, April 24, 1990). 

The leak of methyl isocyanate (MIC) at the Union Carbide pesticide plant in 
Bhopal, India, on December 4, 1984, resulted in the deaths of approximately 
3,800 people and the injury of more than 200,000 (New York Times, September 
12, 1990). And, on the average, 2 of the 200,000 people who were injured at the 
onset of this disaster die every day. Those who initially survived the gas "are 
continuing to suffer not only deterioration of their lungs, eyes and skin but also 
additional disorders that include ulcers, colitis, hysteria, neurosis and memory 
loss" (Los Angeles Times, March 13, 1989). Moreover, the MIC exposure has 
even affected the second generation; "mortality and abnormalities among chil
dren conceived and born long after the disaster to exposed mothers and fathers 
continue to be higher than among a selected control group of unexposed parents" 
(Los Angeles Times, March 13, 1989). Also, based on a recent report issued by 
the National Toxic Campaign Fund, on the basis of lab tests, several toxic sub
stances that were found in the Bhopal environment are raising further questions 
about the additional long-term effects of the disaster (Jenkins, 1990). 

Among these, three accidents, Chernobyl has had the most widespread ef
fects. According to recent charges, "the Chernobyl accident released at least 
20 times more radiation than the Soviet government has admitted" (Time, 
November 13, 1989, p. 62). The immediate (short-run) aftermath of the 1986 
Chernobyl nuclear power plant accident in the Soviet Union included: 300 
deaths (New York Times, April 27, 1990); a $12.8 billion cost of disruption to the 
Soviet economy (New York Times, October 13, 1989); twice the normal rate of 
birth defects among those living in the vicinity of the plant (Los Angeles Times, 
March 27, 1989); thyroid glands of more that 150,000 people were "seriously af
fected" by doses of radioactive iodine; rates of thyroid cancer are 5 to 10 times 
higher for the 1.5 million people living in the affected areas; leukemia rates among 
children in some areas of the Ukraine are two to four times normal level, one or 
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two children a week in a Minsk Hospital are dying of leukemia compared to one 
or two a year before the accident; the death rate for people who have been working 
at the Chernobyl plant since the accident is 10 times what it was before the acci
dent (New York Times, April 28, 1990); one-fifth (1/5) of the republic of Byelorus-
sia's more than 10 million people have had to be moved from areas contaminated 
by radiation, including 27 cities and more than 2,600 villages (Los Angeles Times, 
June 20, 1990); $26 billion is allotted for the resettlement of the 200,000 people 
still living in the irradiated areas (New York Times, April 26, 1990); evacuation of 
people in all the contaminated areas is estimated to cost $70 billion (Los Angeles 
Times, June 20, 1990); and it will take up to 200 years to "totally wipe out" the ef
fects of the accident in the affected areas (Los Angeles Times, June 20, 1990). 

The other grave, long-term environmental consequences of this accident are 
yet to be realized. For instance, due to Chernobyl's contamination, about 2 million 
acres of land in Byelorussia and the Ukraine cannot be exploited normally and 
Byelorussia has lost 20% of its farmland (Insight, January 15, 1990). In March 
1990, these facts led the Ukrainian Supreme Soviet, the Ukraine republic's legis
lature, to order the government to close the remaining reactors at Chernobyl 
permanently and to "decide on the stoppage of further development of additional 
nuclear power stations in Ukraine" (Los Angeles Times, March 3, 1990). The 
Ukrainian decision follows a similar move last year in the southern republic of 
Armenia to close an atomic energy plant. 

Moreover, most of the injuries inflicted on the people in such accidents, such 
as exposure to radiation and toxic gases, are very difficult and sometimes even 
impossible to cure. Most of the people exposed to high doses of radioactive 
material at Chernobyl have died of cancer. Even exotic medical techniques such 
as bone marrow transplants have not been effective in saving their lives (Gale & 
Hauser, 1988). 

MAJOR MICRO- AND MACROERGONOMIC 
CAUSES OF THE THREE MILE ISLAND 

ACCIDENT 

The Three Mile Island nuclear power plant accident is the most investigated ac
cident in the history of the commercial nuclear industry. The title of the Comp
troller General Report to the Congress is "Three Mile Island: The Most Studied 
Nuclear Accident in History." The following, however, is a summary account of 
only the most critical human factor causes of this accident [for further infor
mation and detailed analysis, see Kemeny (1980), Perrow (1981, 1984), and 
Rogovin (1980)]. 

The lack of human factor considerations at the design stage was most evident 
in TMI's control room. It was poorly designed with problems including: controls 
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located far from instrument displays that showed the condition of the system; 
cumbersome and inconsistent instruments that often looked identical and were 
placed side-by-side but controlled widely differing functions; instrument read
ings that were difficult to read, obscured by glare or poor lighting or actually hid
den from the operators (many key indicators were located on the back wall of the 
control room and many of these indicators were faulty or misleading); contradic
tory systems of lights, levers, or knobs—lever up may have closed a valve, while 
pulling another lever down may have closed another. For instance, in the case of 
the pilot-operated-relief-valve (PORV; a pressure relief valve to release water 
from the core), when it stuck open, its indicator did not show whether the valve 
was actually open or closed. The indicator only showed the position of the oper
ating switch that was supposed to open or close it. Moreover, there was no direct 
way or any designated indicator to read the exact water level in the reactor core. 
This was partly responsible for one of the most significant errors by the opera
tors: they cut back and failed to maintain the high-pressure injection (HPI) sys
tem. Furthermore, the HPI throttle valves were operated from a front panel, 
while the HPI flow indicator was on a back panel and could not be read from the 
throttle valve operating position. 

In the control room of TMI, there were three audible alarms sounding and 
more than 1,600 lights blinking at the time of accident. The TMI operators had to 
literally turn off alarms and shut down the warning lights (Perrow, 1981). 

The lack of proper operator training in general, and "stress training" in partic
ular, was a major contributor to the TMI accident. It was a critical human factor 
consideration that should have been paid attention to at the design stage of TMI. 
The Comptroller General's (1980) report to the U.S. Congress concluded: "Most 
training, including simulator training, was geared toward preparing the operator 
to run the plant during routine situations, instead of understanding or coping with 
the unexpected [emergencies]" (p. 25). According to Rogovin (1980), "other 
than being required to memorize a few emergency procedures, [TMI] reactor 
operators are not extensively trained to diagnose and cope with the unexpected 
equipment malfunction, serious transients (temporary electrical oscillations), 
events that cannot be easily understood." In other words, the TMI operators were 
only trained to handle the discrete events and not to deal with "multiple-failure" 
accidents. These accidents were not simulated in the training (Perrow, 1981). 

Another lack of human factor consideration at the design stage, the organiza
tional factors, played a major role in TMI accident. Some typical (generic) prob
lems were due to the hierarchical organizational structure, such as problems of 
mismatches in the response times at the different levels in the hierarchy, and of 
information overload (cf., Meshkati, 1991). In fact, according to Perrow (1984), 
"the dangerous accidents lie in the system, not in the components, and the inher
ent system accident potential can increase in a poorly-designed and managed 
organization" (p. 351). One of the recommendations of the President's Commis
sion (1979) investigating TMI accident was that "to prevent nuclear accidents as 
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serious as TMI, fundamental changes will be necessary in the organization, proce
dure and practice." I would add that a macroergonomic analysis of nuclear work 
systems' structures and processes, such as described in Chapters 3 and 4, should 
be conducted to help determine what these fundamental changes should be. 

Due to enormous human factor problems of TMI at the design stage, the oper
ating stage's problems may seem insignificant. However, there were numerous 
instances of misjudgment by the operators. Finally, as also referred to by Senders 
(1980), the Kemeny report (1980) made it plain that the causes of the TMI acci
dent went far beyond the errors made by a few front-line operators: 

while the major factor . . . was inappropriate operator action, many factors con
tributed to the action of the operators, such as deficiencies in their training, lack of 
clarity in their operating procedures, failure of organizations to learn proper lessons 
from previous incidents, and deficiencies in the design of the control room. These 
shortcomings are attributed to the utility [the Metropolitan Edison Company], to 
suppliers of equipment, and to the federal commission that regulates nuclear power. 

MAJOR MICRO- AND MACROERGONOMIC 
CAUSES OF THE BHOPAL ACCIDENT 

The lack of human factor considerations, both at the design and operating stages, 
played a very significant role in the accident at the Bhopal plant. The overall 
design and safety of the plant's control room had many inherent human factor 
problems. The room was not, in fact, designed plausibly at all, based on a 
thorough operators' task analysis. A highly critical pressure gauge that should 
have indicated buildup of MIC pressure around the relief valve was missing from 
the control room. It was located close to the valve's assembly, somewhere in the 
plant's site, and was supposed to be monitored manually with no link to the con
trol room or warning system (Chemical and Engineering News, February 11, 
1985). Furthermore, according to Time magazine's special report on the Bhopal 
accident (December 17, 1984, p. 25), "an important panel in the control room 
had been removed, perhaps for maintenance, thus preventing the leak from 
showing up on monitors." Moreover, approximately half an hour after the start of 
the gas leak, MIC began to engulf the control room. Many of the operators, not 
having oxygen masks, could neither see nor breathe and had to run from their 
workstations. This happened at the most critical time of the plant's life, when 
they were needed most. More specifically, the problems with the visual dis-
plays—"gauges" and "meters"—at the Bhopal plant were addressed by almost 
all the studies. The gauges were consistently either broken, malfunctioning, off 
the scale, giving wrong data, or considered "totally unreliable." 

According to the International Confederation of Free Trade Union (ICFTU) 
report (1985), "broken gauges made it hard for the MIC operators to understand 
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what was happening. In particular, the pressure indicator/control, temperature indi
cator and the level indicator for the MIC storage tanks had been malfunctioning for 
more than a year" (p. 9). Having broken gauges "(was) not unusual at the factory," 
according to the Bhopal plant operators (New York Times, January 30, 1985). 

Based on the Chemical and Engineering and News analysis (February 11, 
1985, p. 31), the pressure meters monitoring the leak from the MIC storage tank 
(number 610) gave abnormally low pressure readings. A pressure of 20 psi was 
given as 2 psi. About 2 hours before the MIC leak, the pressure gauge had risen 
from 3 to 10 psi. At first, operators thought that the pressure gauge was faulty, as 
was often the case at the Bhopal plant. Half an hour later, according to Agarwal, 
Merrifield, and Tandon (1985), operators started to detect an MIC leak; not 
through any gauge or sensor, but because their eyes started to tear. Also, the vol
ume indicator for tank number 619, which was supposed to be empty and usable 
as a spare, "incorrectly read that it was 22% full" (Everest, 1986, p. 28). Further
more, the temperature gauge of the MIC storage tanks, which sometimes in the 
summer went off the scale, could not be relied on (New York Times, January 30, 
1985). Moreover, the increase in temperature (of the MIC tank), according to 
the Union Carbide investigation (1985), was not signaled by the tank high-
temperature alarm, because it had not been reset to a temperature above the 
storage temperature. 

Of the two major safety devices at the Bhopal plant, one was the vent-gas 
scrubber, a system that was designed to pour caustic soda on the MIC so that it 
would decompose. The other device was a flare tower that would ignite the gas 
and burn it off in the air harmlessly. (This system was not operational because of 
a missing piece of pipe and other maintenance problems.) According to an engi
neering analysis conducted by Naschi (1987), the scrubber unit was not turned 
on until after the situation had gone out of control. Furthermore, a flow meter 
also "failed to indicate" that a flow of caustic soda had started (MacKenzie, 
1985). The latter problem could have contributed to the overall failure of the 
vent-gas scrubber's functional performance because, according to Bowonder, 
Kasperson, and Kasperson (1985), operators, not having the correct and required 
information, neglected to augment the flow of caustic soda required to neutralize 
the MIC. 

In the MIC control room of the Bhopal plant at the time of the accident, the 
operators were extremely overloaded and found it "virtually impossible to look 
after the 70-odd panels, indicators and console and keep a check on all the 
relevant parameters" (Agarwal et al., 1985, p. 8). The foregoing catalogue of 
problems may have led Krishnan (1987) to conclude that "the Bhopal tragedy 
was a pathetic example of how careless display control design can end up in a 
catastrophe" (p. 5). 

The Bhopal plant's rigid organizational structure, according to Kleindorfer and 
Kunreuther (1987), was one of the three primary causes of the accidents. More
over, the Bhopal plant was plagued by labor relations and internal management 
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disputes (ICFTU, 1985). For a period of 15 years prior to the accident, the plant 
had been run by eight different managers (Shrivastava, 1987). Many of them 
came from different backgrounds with little or no relevant experience. The last 
managers, who served the plant at the time of accident, were originally trans
ferred from a UCIL's battery plant. This group was not fully trained about the 
hazards and appropriate operating procedures for the pesticide plant (ICFTU, 
1985). 

The discontinuity of the plant management, its authoritative and sometimes 
manipulative managerial styles, and the nonadaptive and unresponsive organiza
tional system, collectively, contributed to the accident. The latter element, i.e., 
organizational rigidity, was primarily responsible for not responding and taking 
the necessary and corrective course of actions to deal with the five reported 
major accidents occurring at the plant between 1981 and 1984. This leads one to 
conclude that the catastrophic accident of 1984 was only the inevitable and 
natural byproduct of this symptomatic behavior. This is in accordance with 
Mitroffs thesis (1988) that "crises often occur because warning signals were not 
attended to" (p. 18). Moreover, the Bhopal plant's organizational culture also 
should be held responsible for not heeding the many operator warnings regarding 
safety problems, such as the one after the October 1982 combined release of 
MIC, hydrochloric acid, and chloroform, which spread into the surrounding 
community. Bhopal's monolithic organizational culture, as the plant's opera
tional milieu, only fostered the centralization of decision making by rules and 
regulations or by standardization and hierarchy, both of which required high 
control and surveillance. This was diametrically different from Weick's (1987) 
contention that characterized organizational culture as the "source of reliability," 
and suggested that high system reliability could only be achieved by simultane
ous centralization and decentralization (which allows and encourages operators' 
discretion and input). 

According to ICFTU (1985), training was a major problem at the Bhopal 
plant and many operators had been given little or no training about the safety 
and health hazards of the MIC or other toxic substances in the plant. Language 
also may have contributed to the lack of understanding about MIC operations 
and hazards. All signs regarding operating and safety procedures were written in 
English, even though many of the operators spoke only Hindi. 

In addition to emergency training, the lack of human factor considerations at 
the operating stage at the Bhopal plant, for instance, was reflected in the task-
related training. The concern that operators did not have adequate task-related 
training was also raised by Union Carbide's safety audit of 1982. This, of course, 
was partly due to a high turnover rate. Many key personnel were being released 
for independent operation without having gained sufficient understanding of safe 
operating procedures. There also was concern that the training relied too much 
on "rote memorization of steps" instead of an "understanding of the reasoning 
behind procedures" (Chemical and Engineering News, February 11, 1985). [This 
is the so-called carbon copy of the training problems at TMI.] 
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MAJOR MICRO- AND MACROERGONOMIC 
CAUSES OF THE CHERNOBYL ACCIDENT 

The critical role of micro- and macroergonomic-related causes in the Chernobyl 
accident is captured in the following statements and addressed, either directly 
or indirectly, by a few other studies [Chernousenko (1992), Grimston (1997), 
Leveson (1995), Medvedev (1991), Meshkati (1991), and Read (1993)]. The late 
academician, Dr. Valeri A. Legasov, the First Deputy Director of the Kurchatov 
Institute at the time of the Chernobyl accident, and the head of the former Soviet 
delegation to the Post-Accident Review Meeting of the IAEA in August, 1986 
[quoted in Munipov (1992), p. 340], stated: 

I advocate the respect for human engineering and sound manmachine interaction. 
This is a lesson that Chernobyl taught us. 

The International Atomic Energy Agency's (IAEA) Nuclear Safety Review 
for 1987 (p. 43) said: 

The Chernobyl accident illustrated the critical contribution of the human factor in 
nuclear safety. 

IAEA's Summary Report on the Post-Accident Review Meeting on the Cher
nobyl Accident (INSAG-1, 1986, p. 76) noted: 

The root cause of the Chernobyl accident, it is concluded, is to be found in the so-
called human e l emen t . . .  . The lessons drawn from the Chernobyl accident are 
valuable for all reactor types. 

The IAEA's International Nuclear Safety Advisory Group (INSAG) in The 
Chernobyl Accident Updating of INSAG-1 (INSAG-7, 1992, p. 24) stated: 

The (Chernobyl) accident can be said to have flowed from deficient safety culture, 
not only at the Chernobyl plant, but throughout the Soviet design, operating and reg
ulatory organizations for nuclear power that existed at the time . .  . Safety culture . .  . 
requires total dedication, which at nuclear power plants is primarily generated by the 
attitudes of managers of organizations involved in their development and operation. 

Mr. Mikhail Gorbachev, General Secretary of the Central Committee of the 
Communist Party and President of the former Soviet Union, in the wake of the 
Chernobyl accident [quoted in Illesh (1987), p. 177] said: 

For us, the indisputable lesson of Chernobyl lies in this: the principles regulating 
the further development of the scientific-technological revolution must be safety, 
discipline, order, and organization. Everywhere and in all respects, we must oper
ate according to the strictest standards. 
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Lack of human factor considerations at the design stage is one the primary 
causes of the Chernobyl accident. Attesting to this is Legasov's statement that 
one of the "defects of the system was that the designers did not foresee the awk
ward and silly actions by the operators" (cited in Oberg, 1988, p. 256). He also 
attributed the accident's cause to "human error and problems with the man-
machine interface" (cited in Wilson, 1987, p. 1639). Also, it has been reported 
that the Chernobyl accident happened because of: (1) faults in the concept of the 
reactor (inherent safety not built-in); (2) faults in the engineering implementation 
of that concept (insufficient safeguard systems); and (3) failure to understand the 
man-machine interface ("a colossal psychological mistake") (in the words of 
Legasov) [cited in a report by the United Kingdom Atomic Energy Authority, 
(1988), p. 5.47]. 

Additional findings of these report indicated that (1) the shutdown system 
was, in the event of the accident inadequate, and might in fact have exacerbated 
the accident rather than terminated it; (2) there were no physical controls to pre
vent the staff from operating the reactor in its unstable regime or with safeguard 
systems seriously disabled or degraded, (3) there were no fire-drills, and (4) there 
were no adequate instrumentation and alarms to warn and alert the operators of 
the danger. 

Although a thorough analysis of the design and operations of Chernobyl's 
control room is not available, according to a published report in the prestigious 
scientific journal Nature entitled "Coping with the Human Factor" (4 September 
1986), "the planning of tests (at Chernobyl) seems to have been in tune with 
the general sloppiness of the operation of the control room at the end of April" 
[(p. 25); emphasis added]. 

The lack of proper training, as well as deficiencies in the qualifications of op
erating personnel, was considered as another contributing factor to this accident 
by all investigations, including the IAEA's Nuclear Safety Review for 1987. The 
quality of training and retraining personnel was also, however implicitly, ac
knowledged as a critical factor by the Soviet Report on the Chernobyl Accident 
(1986). 

Managerial and organizational factors also contributed heavily to the cata
strophic events at Chernobyl. Apart from the design errors, the other cause of the 
Chernobyl accident in Wilson's (1987) analysis was management error: "there 
were important admissions of management errors, as distinct from operator 
error" (p. 1639). Also, it has been reported that there were deficiencies in the 
plant organization and management (Nuclear Safety Review for 1989). The prin
cipal "managers" who ran and conducted the test at Chernobyl that caused the 
accident "were electrical engineers from Moscow. The man in charge, an electri
cal engineer, was not a specialist in reactor plants" (cited in Reason (1990), 
p. 144). "Neither the station's managers nor the Ministry of Power and Electrifi
cation' s leadership had any concept of the necessary actions . . . There was a no
ticeable confusion even on minor matters" (Pravda, May 20, 1986). 



 341 1 7. LARGE-SCALE ACCIDENTS

According to the IAEA's Summary Report on the Post-Accident Review 
Meeting on the Chernobyl Accident (1986), one of the main contributing factors 
to the Chernobyl accident was the potential misunderstanding of the physics 
characteristics of the reactor by the operators. This fact is corroborated by some 
comments like, "the staff was insufficiently familiar with the special features of 
the technological processes in a nuclear reactor. They had also lost any feeling 
for the hazards involved" (cited in Reason, 1990, p. 144). In response to these 
shortcomings, the IAEA report recommended that careful attention must be paid 
to the design of safety and control systems to enable the operators in the control 
room to "understand" the encountered problems and also to lead them to take the 
proper course of action(s). 

The lack of human factor considerations at the operating stage was highlighted 
by operator error, which also was identified as one of the major causes of the 
Chernobyl accident. According to an official report prepared by a team of Soviet 
investigators, an extraordinary sequence of human errors turned some weaknesses 
in the reactor's design into deadly flaws. Ramberg (1987), in analyzing the causes 
and implications of the Chernobyl accident, concluded that it had resulted from 
"gross operator incompetence—not entirely unlike that which resulted in the acci
dent in 1979 at TMI" (p. 307). Six important safety devices were "deliberately" 
disconnected on the night of 25 April (Wilson, 1987, p. 1639); the most important 
of which, the emergency core cooling system (ECCS), was made inoperative. 
And the reactor was deliberately and improperly run below 20% power. 

Finally, a report by the IAEA summarizes the lessons learned (primarily) 
from the Chernobyl accident as "the root causes of most safety significant events 
were found to be deficiencies in: plant organization and management; the feed
back of operational experience, training and qualification, quality assurance 
in the maintenance and procedures, and the scope of the corrective actions" 
(Nuclear Safety Review for 1989, p. D61). 

COMMONALITIES OF MICRO
AND MACROERGONOMIC PROBLEMS 

IN LARGE-SCALE SYSTEM ACCIDENTS 

The comparison of TMI, Bhopal, and Chernobyl is not unprecedented. In the 
case of the former two, many authoritative analogies have already been made. In 
1984, the President of the World Resources Institute, James Speth (1984), in his 
statement at the hearing on the "Implications of the Industrial Disaster in 
Bhopal" before the Subcommittee on Asian and Pacific Affairs of the U.S. 
House of Representatives, argued that "it is likely that Bhopal will become the 
chemical industry's Three Mile Island, an international symbol deeply imprinted 
on public consciousness." 
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Regardless of the nature of the utilized technology, there are striking similari
ties and commonalities among the nature and magnitude of the causes of com
plex, large-scale system failures such as Three Mile Island (TMI), Bhopal, and 
Chernobyl. Furthermore, it would not be spurious to state that the causes of these 
accidents are reminiscent of the causes of another past nuclear power plant 
accident—the accident on January 1961 at the SL1 (Stationary Low Power Reac
tor No. 1), located at the National Reactor Testing Station, Idaho Falls, Idaho. A 
quotation from the general conclusions as to the causes of this accident could, as 
well and almost exactly, be applied to the TMI and Chernobyl cases [as such, one 
may argue that should it be heeded, these accidents could have been prevented]: 

Most accidents involve design errors, instrumentation errors, and operator or super
visor errors . . . The SL1 accident is an object lesson on all of these . . . There has 
been much discussion of this accident, its causes, and its lessons, but little attention 
has been paid to the human aspects of its causes . . . There is a tendency to look 
only at what happened, to point out deficiencies in the system without understand
ing why they happened; why certain decisions were made as they were . . . Post-
accident reviews should consider the situation and the pressures on personnel 
which existed before the accident. (Thompson, 1964, p. 681) 

CONCLUSIONS AND RECOMMENDATIONS 

As demonstrated by Shrivastava, Mitroff, Miller, and Milan (1988), technologi
cal system crises (e.g., accidents) are caused by two sets of failures (and their 
interactions): (1) failure in the system's components (or subsystems) and their 
interactions; and (2) failure in the system's environmental factors. The former 
refers to a complex set of human, organizational, and technological (HOT) fac
tors (and their interactions) that lead to the triggering event for the accident. The 
latter, according the authors, includes regulatory, infrastructure, and prepared
ness (RIP) failures in the systems' environments. Although RIP is equally im
portant, the emphasis of this work was on HOT factors. As such, the following 
conclusions and recommendations address only the HOT-related issues. 

As also suggested by Shrivastava, Mitroff, Miller, and Milan (1988), techno
logical "organizations are simultaneously systems of production and of destruc
tion" (p. 297). This fact becomes even more critical for the hazardous large-scale 
systems, such as the ones discussed in this work. These are risky systems, and 
risky systems are full of failures. Inevitably, these failures will interact in unex
pected ways, defeat the system's safety_devices, and bring down the system. This 
is what Perrow (1984) has called a "normal accident." Using Perrow's character
ization of these types of industrial accidents, the Bhopal catastrophe, as well as 
TMI and Chernobyl, could each well be called a "normal accident." Normal in 
the sense that the accident emerged from the inherent characteristics of the 
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respective system itself and, because of the existing serious micro- and macroer
gonomic problems at both the design and operating stages, it could have been 
neither prevented nor avoided. 

Many scholars, such as Goldman (1986), Oberg (1988), Wilson (1987), and 
particularly, Munipov (1992) have implicated the pre-Glasnost Soviet secrecy 
and the ignorance of TMI's lessons as root causes of the Chernobyl acci
dent. TMI, Bhopal, Chernobyl, previously mentioned SL1, and numerous other 
accidents will always remind us of George Santayana's dictum that those who 
ignore history are forced to relive it. The continued operation of hazardous 
systems with secrecy, complacency, or ignorance; not heeding the occasional 
warnings (incidents); and without change to a proactive, integrated, and total 
systems approach to design, operations, safety control, and risk management in 
complex sociotechnical systems, will force us to relive horrors like Chernobyl 
and tragedies like Bhopal. These accidents were not isolated cases, but were only 
manifestations—the tip of the iceberg—of the negative effects resulting from the 
unfortunate and common-practice lack of human factor considerations in the 
design and operation of major industrial facilities and process plants throughout 
the world. No matter what the nature or level of the technology, and regardless 
of the plant's location—in industrialized or developing countries—the human 
factor-related issues are still universally important. Their absence always causes 
inefficiencies, problems, accidents, and the loss of property and lives. These and 
many other past major industrial accidents could have been prevented if the criti
cal issue of complex, large-scale technology utilization was not plagued by sheer 
political, economic, bureaucratic, and/or technical tunnel vision. In fact, Perrow 
(1986b) contends that catastrophes are possible when community and regional 
interests are not mobilized or when they are overridden by national policy, and 
when "supraorganizational goals," such as the economic health of an industry, 
are deemed vital. 

In the light of the discussion presented above, the following is recommended 
for the design stage: In order to ensure the relative safety of future large-scale 
sociotechnical systems—such as chemical processing plants, nuclear power 
plants, and refineries—a holistic, totally integrated, and multidisciplinary ap
proach to system design, construction, staffing, and operation based on sound 
scientific studies and human factor guidelines is recommended. The total system 
design (TSD) constitutes such an approach. The TSD, according to Bailey 
(1989), is a developmental approach that is based on a series of clearly defined 
development stages. TSD, which has been used extensively for computer-based 
systems development at AT&T Bell Laboratories, implies that, from the begin
ning and the inception of the plan, equal and adequate consideration should be 
given to all major system components (i.e., human, organizational, and techno
logical). [The system development process, therefore, is partitioned into a series 
of meaningfully related groups of activities called stages, each of which contains 
a set of design and accompanying human factor activities.] 
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Moreover, as was demonstrated by the TMI, in addition to independent and 
isolated problems at the workstation (interface), job (task), and organizational 
(communication) levels, there was a serious lack of cohesive processes of data 
collection, integration, and coordination. Logically, information is gathered from 
the interfaces (at the workstation site) and analyzed according to the operators' 
stipulated job descriptions (at the job level), and passed through the organiza
tional communication network (according to the organizational structure) to the 
appropriate team members responsible for decision making. Thus, this continu
ous process in the control room of large-scale technological systems needs: (1) a 
cohesive and integrated framework for information gathering from the interfaces 
(at the workstation site), (2) analysis according to the operators' stipulated job 
descriptions (at the job level), and (3) its passage through the organizational 
communication network (according to the organizational structure) to the appro
priate team members responsible for decision making (Meshkati, 1991). 

The early participation of all related and needed disciplines, e.g., human 
factors, in system design and development also is strongly recommended. This 
mandates and encourages interdisciplinary dialogue among engineers, managers, 
human factor and safety specialists. [The need for such a multidisciplinary ap
proach to nuclear safety has also been emphasized in all of the articles in the 
Special Section of the Nuclear News, (The publication of the American Nuclear 
Society.) on human factors (June 1990).] 

At the operating stage and in the short-run, efforts should immediately be ini
tiated for the close examination of human operators' physical and psychological 
needs, capabilities, and limitations in the context of the plant's normal and emer
gency operation. It should also be coupled with thorough analyses of critical 
workstations and their design features, job demands, and operators' mental 
workload (during normal as well as emergency situations), emergency response 
system, organizational characteristics, training needs, supervisory systems, etc. 

The above is a long overdue action, however, and constitutes only a necessary 
step toward ensuring the safety of complex, large-scale systems. To make it suffi
cient, in the long run, we need much more commitment, communication, and co
operation among those who could make these systems safer—the government 
and regulatory agencies, plant manufacturers and managers, unions, and the 
human factors and other concerned research communities. We need an overall 
paradigm shift in dealing with complex technologies' safety and operation. We 
need more institutionalized interaction among all stakeholders in the public and 
private sectors. We should learn from lessons of past accidents and should also 
systematically integrate micro- and macroergonomic considerations into the de
sign and operation stages of our complex, large-scale technological systems. 

The lessons of Chernobyl should guide us to devise sound strategies to prevent 
nuclear accidents in the future. However, the lessons of Chernobyl are reminis
cent of another tragic accident—Bhopal. These two accidents have taught human
ity enough lessons: Consider the critical role of micro- and macroergonomic 
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factors in the safety of complex, large-scale sociotechnical systems. The late Dr. 
Valery Legasov has eloquently addressed this fact in the following way [(from 
Ignatenko, Voznyak, Ya, Kopvaleuko, and Troitskii (1989), cited in Grimston 
(1997)]: 

Naturally, reactor design engineers studied all the accidents which have occurred at 
nuclear power stations and have, if necessary, adopted additional safety measures. 
But unfortunately they did not study accidents in other branches of industry. The 
train of events at Chernobyl NFS, which led to the tragedy, was in no way reminis
cent of even one of the emergency situations at other nuclear power stations, but 
was very, very similar, right down to the last details, to what happened at the chem
ical works at Bhopal in 1984. 

Right down to the last detail. The Chernobyl accident occurred in the night from 
Friday to Saturday. The accident in India happened early on a Sunday morning. At 
Chernobyl they switched off the emergency protection; in India they switched off 
the coolers and absorber which perform a protective function. In India there was a 
technical fault involving a gate valve, and passage of water resulting in an exother
mic reaction, which developed exponentially, with the coolers switched off, whilst 
here there was an excess of steam and a rise in reactivity. The main thing was 
that both in India and here, the staff had been able (in spite of this being strictly for
bidden) to switch off the protective devices. 

If the reactor designers had drawn some conclusions from the Bhopal accident... 
but what use is there in talking about it now? To be fair I would just like to say that 
it was precisely after Bhopal that chemists knocked on "reactor doors," but such 
words as "methyl isocyanate," "oxidation," and "chemical reactions" made the 
problem uninteresting for physicists. 

The lesson of Bhopal went unheeded . .  . 
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A Vision of the Future

of Macroergonomics


Klaus J. Zink 
University of Kaiserslautern (Germany) 

INTRODUCTION 

Macroergonomics is one of the younger "disciplines" of ergonomics. One therefore 
might ask, why talk about the future? At least two reasons immediately come to 
mind. First, we are living in a rapidly changing world, and actual definitions or 
concepts might be obsolete tomorrow. Second, ergonomics as a whole has a lot of 
challenges to compete with—and macroergonomics might be influenced from this 
development as well. To learn for the future, it always is worthwhile to analyze the 
state of the art, based on the past. 

RECENT DEFINITIONS 
OF MACROERGONOMICS— 

AND SOME REMARKS 

In this book—and in another recently published book of the U.S. Human Factors 
and Ergonomics Society—Hal Hendrick (as "father" of macroergonomics) and 
Brian Kleiner describe the history and state of the art of macroergonomics. 

347 
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To create no doubts: All of these ideas brought huge progress to ergonomic 
thinking—and the chance to deploy theory to practice—and we still have a lot to 
do to bring these ideas into a much greater number of organizations. There may 
well be some cultural differences—e.g., in the way microergonomics provides an 
opportunity for macroergonomic projects [as described by Hendrick and Kleiner 
(2001) for the United States, or vice versa as stated by Zink (2000) for Germany], 
but the enrichment for ergonomic approaches is obvious. Though the process of 
describing a macroergonomic theory has not come to an end, a look to the future 
should be allowed. 

The discipline of human factors/ergonomics can be understood as human-
system interface design, and the subdiscipline of macroergonomics as human-
organization interface design (based on a top-down sociotechnical approach). 
For example, the International Ergonomics Association (IEA) has recently 
redefined its understanding of ergonomics (or human factors) as the scientific 
discipline concerned with the understanding of the interactions among humans 
and other elements of a system, and the profession that applies theoretical prin
ciples, data, and methods to design in order to optimize well being and overall 
system performance (IEA, 2000). In developing this revised definition of the 
discipline, the IEA included "Organizational Ergonomics" as one of the domains 
of specialization: Organizational Ergonomics is concerned with the optimization 
of sociotechnical systems, including their organizational structure, policies, and 
processes. The relevant topics include communication, crew resource manage
ment, work design, design of working times, teamwork, participatory design, 
community ergonomics, cooperative work, new work paradigms, organizational 
culture, virtual organizations, telework, and quality management (IEA, 2000). In 
addition—but some time before—this same scientific society defined the core 
competencies for ergonomists with a very broad scope (see IEA, 1999). There
fore, one has first to ask whether the definition of "macroergonomics" is compre
hensive enough in this context. 

Looking at some other "ergonomic cultures" like Germany, one finds that 
(macro-)ergonomics is also related to industrial policy or society as a whole (see 
Luczak, 1993). This also appears to be reflected in some U.S. concepts like 
"community ergonomics" (e.g., see Chapter 14). 

Seeing the sociotechnical systems approach as one of the core elements of 
macroergonomics, one has to bear in mind that there has been some criticism of 
this approach in recent years (see Sydow, 1985). Though defining sociotechnical 
systems as open systems, the primary focus was related to the organization in its 
social and technical frame conditions as influenced by the environment (e.g., 
society)—but influencing society, or more generally, the environment itself, was 
not included in this definition. Another aspect, also discussed by Hendrick 
(1996), is the relevance of economic factors in the design process. Riihl (1975) 
and later Zink (1984), therefore, started in the 1970s to redefine sociotechnical 
systems as sociotechnological systems. Understanding technology as the way to 
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realize technique, organizational and economical aspects are thus included in 
such an understanding. But this definition does not include criteria like ecology 
or other "outside" parties like customers. 

Another discussion in recent years focuses on complexity. We all are recog
nizing that traditional problem-solving approaches based on the knowledge of 
one discipline are no longer sufficient. Developments like Total Quality Manage
ment or so-called Excellence Models and the Balanced Score Card are the result 
of the necessity of broader, more holistic concepts. Behind most of these con
cepts we find some sort of stakeholder orientation (see Zink, 1999a). 

In recent years, information technology has been dramatically influencing the 
way we work. Most recently there has been a growing number of teleworkers 
("freelancers") and so-called "virtual organizations." More and more people work 
"any time and any place." How does this refer to the structural dimensions of work 
systems, like differentiation and integration, formalization, and centralization? 

In recent years, we have had many discussions in Western societies concern
ing the future of work and the work of the future. According to the Club of 
Rome's recent book (seeGianni & Liedke, 1997), work of the future will be 
quite different—and perhaps only one third can be compared with our traditional 
understanding of work in an industrial society. The English philosopher Charles 
Handy (see Handy, 1994) talks about "patchwork careers." How are these antici
pated changes reflected in our picture about the future of ergonomics? And what 
does it mean for macroergonomics? 

Summing up this admittedly incomplete enumeration of possible future 
changes, one can state that there should be influences from them—both for 
ergonomics and macroergonomics. Let us first look at ergonomics in general. 

THE FUTURE OF WORK

AND THE FUTURE OF ERGONOMICS


If we refer to most of the predictions of changes in work and the working envi
ronment, we have many challenges to meet. One of the challenges is included in 
the vision statements of some human factors and ergonomic societies (e.g., the 
U.S. and German societies): the improvement of living conditions. The same is 
true for the International Ergonomics Association. 

What does this mean in shareholder-value-oriented companies? Laying off 
thousands of employees to improve that shareholder value? What does this mean 
for societies with a decreasing workforce in traditional fields—and patchwork 
careers? What does this mean for the definition of work at all? How can we also 
improve living conditions for societies facing, for example, unemployment? 
This is not the place to answer all these questions—but we have to clarify how 
ergonomics could help solve some of these problems. As stated above, the 
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complexity of problems does not allow solutions from a single discipline—and 
the uniqueness of ergonomics is given by its multidisciplinary approach. There is 
no other science bringing together so many other disciplines to create a holistic 
problem solving approach (see also the definition of core competencies of the 
IE A). But not only the integration of different disciplines but also multidimen
sional target formulation (at least meeting human and economic goals) defines 
the specific character of this discipline. With these preconditions ergonomics is 
destined to contribute to problem solving in much more than the "traditional" 
fields. As president of Gesellschaft fur Arbeitswissenschaft (GfA—the German 
Ergonomics and Human Factors Society), I started and coached a task force 
dealing with the problems of the future of the "working society." As one result, 
we wrote a memorandum about topics of research. The following themes were 
included (see GfA, 2000): 

1. Securing employment by 
1.1 designing innovative products and processes by using ergonomics and 

ecology as factors of competitive advantage 
1.2 helping organizations to deal with change processes (and, therefore, to 

survive) 
1.3 creating new working time systems (e.g., part-time concepts to em

ploy more people) 

2. Saving workability and employability by 
2.1 finding new ways of competence development and preservation 
2.2 developing new concepts for the integration of work and health 

3. Rating work in a new way by 
3.1 including unpaid work (at home and in society) and 
3.2 personified services (e.g., including emotional stress and strain) 

4. Designing the work of tomorrow by 
4.1 dealing with the possibilities and consequences of information technology 
4.2 considering the changes in individual (work-life) careers and biographies 

All of these topics are really just examples for some sort of rethinking in er-
gonomics—which also has to be reflected in national and international ergonomic 
societies. As a consequence of a vision discussion, Gesellschaft fur Arbeitswissen
schaft formulated—among others—the following fundamental principle: 

Gesellschaft fur Arbeitswissenschaft resp. its members feel obliged to the social goal 
(and make contributions—wherever possible) to the maintenance, creation and (ap
propriate) distribution of human, economically and environmentally compatible work. 

Returning to the above-mentioned subjects of socially relevant aspects of the fu
ture of work, it is obvious that most of the topics are not in the microergonomic 
domain. These are—if accepted as such—tasks for macroergonomics. 
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As macroergonomics initially was labeled human factors in "organizational 
design and management" (ODAM), it could be helpful to look at the original dis
ciplines of organization and management science to see what is going on there— 
and perhaps get some ideas for the development of macroergonomics. 

DEVELOPMENTS IN ORGANIZATIONAL 
DESIGN AND MANAGEMENT 

If we analyze organizational or, more generally, managerial concepts of recent 
years, we can realize some "overall" tendencies: While on the one hand, differ
ent approaches to "cost cutting" have been offered (entitled as lean XY or XY 
reengineering), we also can see progressively more approaches to overcome 
simple, partial concepts. One of the most prominent—which also is dealt with in 
the field of macroergonomics—is Total Quality Management (TQM) (see Zink, 
1997). ISO 8402 describes it as: 

a management approach of an organization, centered on quality, based on the par
ticipation of all its members and aiming at long-term success through customer sat
isfaction, as well as benefits for all members of the organization and for society. 

FIG. 18.1. Excellence model of the European foundation for 
quality management as the basis for the European Quality 
Award (EFQM, 200). 
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In this definition, we see a stakeholder orientation: customers, employees, 
society—but also shareholders. Another aspect of the definition in the context 
of holistic orientations is the goal of long-term success. 

Though the term "Total Quality Management" might be at the end of its use
fulness, the contents of this approach are not. As in the United States (Malcolm 
Baldrige National Quality Award) and in Australia (Australian Quality Award), 
Europe also has had a European Quality Award since the beginning of the 1990s. 
The assessment models behind these awards try to improve awareness of the 
need for more comprehensive evaluation concepts related to the overall quality 
of an organization. 

A similar development can be seen in the "world of accounting": In 1987, 
Johnson and Kaplan wrote a book entitled Relevance Lost—the Rise and Fall of 
Management Accounting. Subsequently, Johnson proposed a bottom-up empower
ment approach, which included activity-based cost management (Johnson, 1992) 
that has received considerable discussion in Europe. The most recent development 
in the accounting field focuses on a so-called "Balanced Scorecard" (Kaplan & 
Norton, 1996). "Balanced," in this context, can be interpreted as comprehensive or 
holistic, meaning that financial data alone are not enough to control an organiza
tion. Therefore (besides financial results), customers, processes, and learning and 
development (people) are included in the basic version of the Balanced Scorecard. 

Financial 

"To succeed financially, 
how should we appear to 
our shareholders ?" 

Customer International Business 

"To achieve our Vision Process 

vision, how should and "To satisfy our 
we appear to our 
customers ?" 

Strategy shareholders and 
customers, what 
processes must we 
excel at ?" 

Learning and Growth 

"To achieve our vision, how will 
we sustain our ability to change 
and improve ?" 

FIG. 18.2. Balanced Scorecard (basic version). 
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There is a lot of similarity in these accounting concepts to the content of the so 
called Excellence Models as the basis for the (international quality awards. 

Lastly, looking at recent developments in organization theory, we find similar 
results to those in the recent management literature. According to Ulrich (Ulrich 
& Fluri, 1992, p. 19) there are three management dimensions to consider: 
normative, strategic, and operative tasks. However, their interdependence is 
explicitly emphasized. They are integrated via a management philosophy clarify
ing the theoretical basis of everyone's actions. It determines the vision, or final 
objective, and supports commitment of all participants. 

Compared with the sociotechnical systems approach, the so-called St. Gallen 
model stresses the necessity of a commonly accepted vision as a striving force 
for the organization. It is deployed in a three-step process by different tools. In 
the sociotechnical concept, we have behavioral and structural dimensions, but in 

FIG. 18.3. Normative, strategic, and operative management 
(Zink (1997), according to Bleicher, (1996). 
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the St. Gallen model they are additionally structured in a normative, strategic, 
and operative dimension. The value of the model in creating a holistic approach 
results from its focus on harmonizing the different dimensions. According to 
Bleicher (1996), a holistic approach must integrate 

• a basic fit, 
• a vertical fit, and 
• a horizontal fit. 

Horizontal integration (fit) means, for example, that the corporate constitution is 
in harmony with the corporate culture and policy, and goals are based on both. 
Vertical integration includes the consistent transformation of normative ele
ments into strategic ones, and strategic elements into operative ones. Manage
ment behavior and cooperation are determined by a strategic management 
concept derived from normative premises (corporate culture). A basic fit means 
that each individual dimension is consistent within itself; for example, that there 
are no contradictions between different reward systems in an organization. 

These general statements are sufficient to describe the theoretical frame of a 
holistic management concept. As shown in Fig. 18.3, the model is based on a so
ciotechnological systems design approach replacing fragmented concepts and, as 
a result, replacing suboptimization by a global optimum. By definition, it must, 
therefore, include a multidimensional process to set objectives. The difficulty of 
its practical implementation comes from the fact that optimal conditions can be 

FIG. 18.4 Harmonizing separate management dimensions 
(cf. Bleicher, 1996). 
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defined for technical or even economical subsystems. However, optimal condi
tions for social subsystems cannot, in many cases, be expressed in a general 
way—because of interindividual differences. Hence, all people affected must be 
involved in the design process. 

Apart from this, it will become evident that problems will only be solved by 
an interdisciplinary and holistic approach (see Zink, 1984). 

Knowing very well in ergonomics what interdisciplinary approaches mean, 
we must define the elements of "holistic" approaches before transferring our dis
cussion to macroergonomics. Relevant aspects could be the following: 

• stakeholder orientation 
• integrative systems approach 
• balance of respective demands 
• long-term orientation (including sustainability) 

Deploying holistic approaches therefore demands: 

• interdisciplinary concepts for analysis, evaluation, and design 
• participation 
• process and result orientation 
• critically analyzing so-called "systems limits" 

Based on these recent developments, we now must ask, "What could be the role 
of macroergonomics?" 

MACROERGONOMICS 
AS STAKEHOLDER-ORIENTED, 

HUMAN-SYSTEM INTERFACE DESIGN 

As can be seen in many of the recent approaches, one important element of holis
tic or comprehensive concepts is a stakeholder orientation. This idea is not new 
(e.g., see Freeman, 1984), but the above-mentioned recent developments in some 
western countries (and in the broad definition of organizational ergonomics by 
the IEA) make it necessary to discuss its use in macroergonomics. 

The advantages seem to be obvious: 

1. Economic survival depends on customer orientation—and ergonomics can 
offer a lot to fulfil this demand. 

2. Employee orientation is a traditional field of ergonomics. 
3. As previously noted, the social challenges are progressively increasing 

and, thus, society is another important stakeholder. 
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4. Promoting the so far described stakeholders can also promote the share
holders (recent research is promising; e.g., see NIST, 1999). 

How could a stakeholder-oriented system design be described and why could 
this be an upcoming task for macroergonomics? If we agree that customers, 
employees, shareholders, and society are the relevant stakeholders, we can find 
many examples in which ergonomics can support and optimize the human-
system interface design: 

Macroergonomics and Customers 
(Some Examples) 

• Kansei Engineering. For years, Mitsuo Nagamachi has been showing how 
consumer-oriented product development can be successfully used to meet 
customer needs (e.g., see Nagamachi, 1994). 

• Usability testing. Though Kansei Engineering demonstrates the better, 
more preventive approach, usability testing may help to correct faults in 
the product development process before negative reactions are received 
from the market. 

• Certifying the quality of use of ergonomic tools and procedures in the 
product development and manufacturing process to give the customer the 
security that he or she is buying a product that includes all the ergonomic 
knowledge available at the moment. There are initial efforts within the 
IEA to build up a certification and accreditation body. 

• Combining ergonomics and ecology in product design, including aspects 
of sustainability. New ways of an integrated product and process develop
ment may help customers to buy ergonomically and ecologically opti
mized products—products meeting the goal of sustainability for customer 
health as well as for society. 

Macroergonomics and Employees 
(Some Examples) 

• All micro-ergonomic concepts. The history of ergonomics is showing a 
huge mass of interventions, also described under the heading of Occupa
tional Health and Safety, to make the work-place compatible with people's 
needs, abilities, and limitations. 

• All "traditional" macroergonomic approaches. As described earlier, the 
still young approach of macroergonomics has a lot to offer to all employ
ees. Taking participation as one example, these concepts are not restricted 
to physiological aspects but aim also at the realization of personal growth. 
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• Macroergonomic interventions securing the survival of the organization 
through adequate change management. As mentioned earlier, the complex
ity and dynamic of challenges caused by competition need both change 
management and an understanding of sociotechnological systems design. In 
the past, many workplaces lost their way because of too late or incorrect in
terventions. Using "whole picture" macroergonomics offers a lot of support. 

Macroergonomics and Society 
(Some Examples) 

• Occupational health and safety. It is in the interest of a society to ensure 
that working conditions do not lead to any health problems leading to early 
retirement causing—among others—financial problems. To this end, er
gonomics should be supported by any society. 

• Security of complex systems. Like using ergonomic principles to improve 
traffic, our power plant security should be in the interest of any community 
or state. Again, in addition to human suffering, these problems also have 
economic consequences. 

• Integrative health management systems. Newer approaches in industry in 
the field of health promotion are using management concepts to improve 
acceptance (e.g., see Zink, 1999b). As health is influenced not only by 
work, approaches—such as those proposed by the World Health Organiza-
tion—should include community or state activities. 

• Community ergonomics. The activities started at the University of Madison-
Wisconsin (see Chapter 14) show macroergonomics as a unique discipline 
with a true holistic approach that can help solve social problems in difficult 
areas. These ideas should be transferred to other regions—not only in the 
United States but all over the world. 

Macroergonomics and Shareholders 
(Some Examples) 

• Total Quality Management and Change Management. Many companies 
have not been able to implement Total Quality Management in a successful 
way. In most of the cases, TQM failed because of not realizing a sociotech
nological approach. Here, macroergonomics can support organizations in 
introducing change management concepts in a comprehensive way. 

• Continuous improvement. A core macroergonomic method is participation 
(see Chapter 2). In the early days of "Organizational Design and Manage
ment," quality circles and similar approaches (e.g., see Brown, 1986; and 
Zink, 1996) led to cost reductions and other savings. On the one hand, this 
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was, and is, a contribution to staff development; on the other, it has the 
potential to improve employee satisfaction and motivation. 

• Enlarging market share by selling customer-oriented products. The use of 
ergonomic principles—as shown by Kansei Engineering and others—pays 
off. This potential is far from fully realized, and could be increased by com
bining ergonomics and environment-oriented design. In addition to positive 
economic effects, companies could also improve their public images. 

• Increasing shareholder value as a consequence of the above. It is obvious 
that all the above-discussed examples must lead to an increase in share
holder value. This is not valuable per se, but in the context of positive results 
for the other stakeholders. In this sense, macroergonomic interventions often 
lead to a win-win situation. 

Though these are only some first thoughts to discuss a stakeholder-oriented, 
human-system interface design, one can see that this combination of old and 
new approaches—classified in a new way—overcomes some limitations of "tra
ditional" sociotechnical systems thinking (especially its "inside-orientation"). 

SOME CONCLUDING REMARKS 

New paradigm shifts resulting in new forms of organization (e.g., virtual organi
zations), new forms of social challenge, and, last but not least, a growing share
holder value orientation in companies challenges macroergonomics to consider 
these tendencies for the future. 

As the environments of organizations become progressively more complex 
and dynamic, we need comprehensive (i.e., holistic) problem-solving approaches. 
Ergonomics, by definition, can deliver a holistic concept based on its interdiscipli
nary nature. Regarding organizational as well as social developments, macroer
gonomics is the discipline challenged to develop answers. To broaden the scope, a 
stakeholder-oriented, human-systems interface design has been proposed in this 
chapter. 

Though some authors fear that the stakeholder model is dead (see Beaver, 
1999), showing as examples hostile takeovers, downsizing and mergers, and the 
influences of both institutional investors and executive compensation, it should 
be a normative demand for ergonomists to design a "human-(working) society 
interface" worth living for. If we want to keep a "human face" on capitalism, we 
must take part in activities to secure the survival of a society we would like to 
preserve for our children. Macroergonomics offers us a way. 
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Glossary


Abstract functioning: Cognitively complex conceptual functioning characterized by a high degree of 
differentiation and integration. 

Accident: An event that takes place without one's foresight or expectation; an event that proceeds 
from an unknown cause, or is an unusual effect of a known cause, and therefore not expected. 

ACTION: An interactive software system and a methodology that embodies an extensive knowledge 
base about the relationships among technical, organizational, and strategic features of the manu
facturing enterprises. 

Action groups: An action group is individuals with similar interests about an issue that form an asso
ciation to pursue action to promote the issue of interest. 

Adhocracy: A rapidly changing adaptive work system organized around problems to be solved by 
groups of relative strangers with diverse professional skills. 

Advanced information technologies (AIT): Emerging computer-based innovations in the early stages 
of their life cycle that make use of such capabilities as broadband and wireless technology. 

Agile manufacturing: A manufacturing philosophy and methodology that enables a firm to respond 
successfully to changes in the marketplace. 

Akamiso: Negative affect. Feelings or emotional states or temporal moods that can cause operators to 
underestimate the real risk of their actions. Understanding the sources of akamiso is an important 
macroergonomic step in improving systems safety and, often, productivity. 

Amoeba-type organization. See Free-form design. 
Behavioral cybernetics: The science that applies feedback principles to the study and improvement 

of human performance and learned behavior. The theoretical and empirical analysis of behavior 
as a closed-loop, self-governed control process. 

Behavioral hazards: System performance hazards linked to variability in the behavior of those 
responsible for system operation. 

Behavioral safety: Those attributes of the safety performance of a system influenced by the behavior 
of those responsible for system operation. 

Bottom-up: A work system analysis and design approach that proceeds from the individual worker 
level up through the work system's subunits to the overall work system level. 

Boundaries: Work system borders that separate domains of responsibility. 

389 
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Breakthrough thinking: A conscious process of thinking and problem solving that applies seven prin
ciples of solution-finding to any problem faced by an individual, group, or company. The seven 
principles are: uniqueness, purposes, solution-after-next, systems, limited information collection, 
people design, and betterment timeline. 

Centralization: The degree to which formal decision making is concentrated in a relatively few indi
viduals, group, or level, usually high in the organization. 

Change agent: A person whose role is to facilitate change within an organization to better enable it to 
meet its goals. 

Checkpoint: Specific, standardized places in the work process of a work system. 
CIM: Computer Integrated Manufacturing. A manufacturing strategy, incorporating computers, for 

linking existing technology and people to optimize business objectives. 
CIMOP: Computer Integrated Manufacturing, Organization, and People. A methodology that 

evaluates the CIM system, organizational design, technology, people, and information system to 
determine overall system design quality. 

Closed loop: A feedback system in which the output from a system is fed back to the system input to 
provide incremental improvement in the output. 

CNC: Computer Numerical Control (CNC) machines comprised of small, inexpensive, microproces
sors with large memories, and programmable computers that have such functions as program 
storage, tool offset and compensation, program-editing capability, various degrees of computa
tion, and the ability to send and receive data from a variety of sources. 

Cognitive complexity: A higher order structural personality trait; the extent to which people have 
developed differentiation and integration in their conceptual functioning; the extent to which 
persons are abstract, as opposed to concrete, in their conceptualizing. 

Cognitive ergonomics: The aspect of ergonomics concerned with the design of the interfaces among 
human mental, perceptual, and information processing characteristics with other sociotechnical 
system elements—particularly software. 

Collaboration: Group participation on a common task. 
Community-based organization: An institution, organization, association, or group that has local ties 

to the community in which the organization is involved. 
Community development group: An association of people with a primary interest in enhancing the 

economic, social, and/or safety aspects of a community. 
Community-environment system: An extrapolation from the P:E Fit Theory which describes the 

relationships between the community and the environment in which the community operates. 
The community-environment system is one with multilateral and continuous interactions among 
populations, conditions, institutions, situations, and objects. These are linked through feedback, 
forming a unified whole leading to the vital functions of lifespan development. The community is 
surrounded by an environment comprised of other communities and institutions, which may have 
very different beliefs, values, and modes of behavior. This community-environment system may 
include institutions for education, financial transactions, government and politics, commerce and 
business, law enforcement, transportation, and housing. 

Community ergonomics: The application of systems theory and ergonomic principles of fitting the 
environment to the capabilities of the community to produce improvements in the community. 

Community self-regulation: The control of the environment by the community using technology, 
activities (tasks), and work organization processes. 

Compatibility: The sociotechnical principle that for a work system to exhibit certain charac
teristics (e.g., human-centered), its design or redesign process must incorporate those same 
characteristics. 

Complexity: The degree of differentiation and integration existing in a work system. Complexity also 
can refer to cognitive complexity (see definition above). 

Computer-aided design (CAD): Designing products using computers; utilizes computer software 
programs specifically developed for aiding in design. 
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Computer-integrated manufacturing (CIM): Linking together through computer technology all the 
various departments in an industrial company so they operate smoothly as a single, integrated 
business system. 

Computer-supported collaborative work technology: Information technology that supports human-
to-human interaction for shared tasks. 

Concrete functioning: Cognitively simple conceptual functioning; characterized by a relatively low 
degree of differentiation and integration. 

Concurrent engineering: Engineering functions, such as design, analysis, and production that are 
performed simultaneously with a lot of cross-functional interaction. 

Consensus: Final decision agreement/support within a group; does not necessarily mean that individ
ual members agree personally. 

Consumer feedback: Information from those who received products and/or services about their satis
faction with those products and/or services. 

Consumers: Those who receive and usually pay for outputs (i.e., products and/or services) from a 
work system. 

Context specificity: Variability in system performance attributable to context (design) features of the 
performance environment. 

Continuous flow manufacturing: Similar to just-in-time and flexible manufacturing; the primary ob
jective is to produce a high-quality product in the shortest possible production time at the lowest 
possible cost. Provides techniques to reduce product cycle times, minimize inventories, improve 
quality, and increase inventory turns. 

Continuous improvement: The incremental betterment of performance over time. In the sociotechni
cal systems literature, it is sometimes called incompletion. 

Control chart: A quality assurance tool that uses historical data to create upper and lower control 
limits (from standard deviations) to plot data and evaluate current performance of processes. 

Coupling: Whether participative data are directly or remotely used, in which the former involves lit
tle or no filtering of participant input and the latter involves some filtering or translation, usually 
by managers or consultants. 

Cross-functional team: A parallel or informal team composed of members from several functional 
units or departments. These members can represent different skills and ranks. The team usually 
has partial decision-making authority (i.e., recommendations) and often is involved in TQM (see 
Total quality management or other process improvement activities. 

Cumulative social trauma (CST): Results from long-term exposure to extreme detrimental societal 
conditions leading to a vicious cycle of dependency, social isolation, and learned helplessness. 
CST is a chronic social condition of a community that leads to community deterioration. Symp
toms include community flight, economic depression, housing decay, decreased physical and 
mental health, and reduced opportunity for a quality life. 

Decision support technologies: Mechanisms that assist in converting data to information so decisions 
are easier to make or better. 

Deming flow diagram: A type of organizational input/output diagram popularized by the late 
W. Edwards Deming, beginning with his involvement in Japan in the 1950s and extending 
through the TQM movement in the United States in the 1980s. 

Departmentalization: Division of a work system's labor into groups of specialists. 
Design specificity: See Context specificity. 
Differentiation: The number of conceptual categories a person has developed for storing experiential 

information. In organizational design, the number of hierarchical levels and/or departments that 
comprise the structure of the work system. 

Domain: An organization's range of products or services offered and market share. 
Empowered: Having a sufficient degree of decision-making authority. 
Engineering controls: Reliance on modification in the engineering features of a system for the 

purpose of hazard control. 
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Environmental uncertainty: The extent to which an organization's specific task environment is 
(a) complex, in terms of its number of components, and (b) dynamic versus stable over time. 

External environment: Factors external to the organization that permeate it. Examples are materials 
sources, customers, government policies and regulations, and stockholders. 

Facilitator. A person who manages the meeting process of a group; for example, managing the time 
and uniformity of participation. 

Pitt's list: Original list of basic human versus machine capabilities and limitations to guide system 
design function allocation. 

Flexibility: The capability to change in response to environmental change. 
Flexible manufacturing: Ability for the internal manufacturing system to cope with changes dictated 

by a dynamic environment. 
Focal role: The work system function that is expected to control the most significant key variances. 
Focus groups: A temporary collection of selected participants to discuss specific issues or test-

market specific ideas or products. 
Formalization: The extent to which jobs within a work system are standardized, including use of 

formal rules and procedures and explicit job descriptions. 
Free-form design: An adhocracy type of organizational design in which there is no functional depart

mentalization and the shape of the work system changes rapidly in response to its external envi
ronment in order to survive. Departmentalization is replaced by a profit center arrangement. Also 
referred to as an amoeba-type organization. 

Full direct participation: Having all those affected by a decision or design become involved. 
Function allocation: A methodology for assigning tasks and/or functions to humans and/or machines. 
Function analysis modeling: A macroergonomic approach for identifying work system functions and 

related quantitative and qualitative personnel subsystem requirements. 
Gap: A variance or deviation from what is expected or needed. 
Garbage can model for organizational design: A modification of the garbage can model for organi

zational decision making for use as a tool to evaluate work system design alternatives. 
Harmonized work system: A work system in which all subsystems and components are synchronized 

and behave as a single unit. 
Hazard: A factor inherent to the design and/or human elements of a system that elevates the risk of 

decremental system performance. 
Hazard management: That approach to system safety management that focuses on the detection, 

evaluation, and abatement of system hazards. 
HCCIM: Human-Centered Computer Integrated Manufacturing. A methodology that focuses on the 

unification of planning, execution, and monitoring of work in order to minimize division of labor. 
High involvement: On the upper end of the participation continuum; exemplifying significant design 

or decision-making involvement. 
HITOP: High Integration of Technology, Organization, and People. A methodology that allows one 

to conduct an analysis of a technology-organization-people (TOP) system. 
Horizontal differentiation: The degree of departmentalization and specialization within a work 

system. 
Human-centered approach: An approach to human-machine function and task allocation that first 

considers the capabilities and limitations of the human and whether the function or task justifies 
the use of a human. Also called the humanized task approach. 

Human-centered manufacturing: A manufacturing concept that emphasizes human skills; control 
over technology; unification of planning, execution, and monitoring; maximization of human 
operator knowledge; and consideration of ergonomic factors. 

Human error: Error in system performance that is attributed to, or associated with, human behavior. 
Human networking: One of the generic features of the agile manufacturing paradigm in which 

workers are networked together by interactions that occur among all people in the organization 
for generating expected productivity and quality results. 
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Human relations theory: In contrast to classical theory, a school of thought that centers on the 
assumption that workers' feelings and attitudes are important and can possibly have an impact on 
performance. 

Human-system interface technology: The unique technology of the human factors/ergonomics disci
pline; it consists of empirically derived design principles, guidelines, specifications, tools, and 
methods to design human-organization, human-job, human-machine, human-software, and 
human- environment interfaces. 

Humanized task approach: See Human-centered approach. 
Ideal bureaucracy: The classical bureaucratic design developed by Max Weber. 
Incompletion: See Continuous improvement. 
Input variance: An unexpected or unwanted deviation of a resource from standard operating condi

tions, specifications, or norms. 
Instructional objectives: Specify what the trainee can accomplish on completion of the training at a 

specified standard level. 
Instructional strategy: A plan for assisting learners with their study efforts for each performance 

objective. Developing a strategy is completed before developing the training materials to outline 
how the instructional activities will relate to the accomplishment of the objectives. Instructional 
events are defined and the instructional designer directs the attention of the learner to the objec
tives, informs the learner of the objectives, presents the stimulus materials, and provides feedback 
on their learning performance. 

Instructional systems design model (ISD): Uses a systematic approach to designing, developing, and 
evaluating training and instructional programs. It has five stages of activities beginning with a 
needs analysis phase, followed by a design phase in which instructional objectives and strategies 
are defined, then the development phase of the training materials, the implementation and deliv
ery of the training, and finally, the evaluation phase to determine the effectiveness of the training. 

Instrumental feedback: The response that the kinesthetic and tactile receptors receive from the per-
son's interface with tools and technology. It often is called the "feel" of the tool. 

Integration: The number of rules and combinations of rules a person has developed for integrating 
conceptual information. In organizational design, the number of mechanisms designed into the 
work system for ensuring communication, coordination, and control among the differentiated 
elements (e.g., standard operating rules and procedures, committees, task teams). 

Internal control: Mechanisms and/or processes that serve as checks and balances on the internal 
processes of a work system. 

Investment zone: A preferred area of the community that is given special tax advantages to attract 
investment. 

Job: A formal position in an organization as documented and detailed by a formal job description. 
Job enlargement: Tasks added at the same level of responsibility. 
Job enrichment: Tasks added at a higher level of responsibility. 
Joint design: Attending to both personnel and technical factors simultaneously in the design process. 
Joint optimization: A sociotechnical systems design principle that states that the technological and 

personnel subsystems must be designed jointly in order to achieve the most effective functioning 
of the work system. 

Kanzei engineering: Ergonomic technology of product development that translates a consumer's 
feelings about a new product into design requirements. 

Key variance: A deviation from what is expected, needed, or wanted that affects key performance 
criteria significantly or a variance that has a multiplicative relationship with other variances. 

Key variance control table: A tabular representation of which roles control which key variances and 
how. In addition, special technological support and training requirements needed to control key 
variances are identified. 

Knowledge-based technology: A means of classifying technology based on task variability, or the 
number of exceptions or nonroutine problems created by the technology, and task analyzability, 
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or the extent to which the problems created lend themselves to rational-logical, quantitative, 
and analytical thinking as opposed to reliance on the experience, judgment, and intuition of the 
problem-solver. 

Lean manufacturing: A manufacturing concept that requires a system-level change for the organiza
tion, a change that affects every segment of the company, from accounting to shipping, that 
begins with the manufacturing system. 

Learned helplessness: A human condition produced by cumulative exposure to failure and rejection 
that leads to ineffective behavior when challenged. 

Learning hierarchy: Developing a learning hierarchy involves designing effective conditions for 
learning the defined skill and the proper sequence of prerequisite skills. The learning hierarchy is 
a result of the learning-task analysis in that a hierarchy of intellectual skill objectives is arranged 
into a pattern that shows the prerequisite relationships among them. 

Learning outcomes; Defined by the instructional objectives and organized by five categories of 
learning domains: intellectual skills, cognitive strategies, verbal information, motor skills, and 
attitude. Understanding and identifying these learning outcomes help determine the appropriate 
instructional conditions for the trainees. 

Learning task analysis: Conducted to determine the necessary objectives for the learner. Enabling 
objectives are objectives that the learner must accomplish first in the sequence of a learning hier
archy. Typically this analysis is conducted for intellectual skills. 

Likert-type (survey): A questionnaire with a graded response to each statement, typically on a 5-point 
scale: strongly agree, agree, undecided, disagree, and strongly disagree. 

Machine bureaucracy: The bureaucratic form that evolved from Max Weber's ideal bureaucracy and 
Fredrick W. Taylor's scientific management. It is characterized by narrowly defined jobs, routine 
and well-defined tasks, a well-defined hierarchy, high formalization, and centralized decision 
making. 

Macroergonomic analysis and design (MEAD): A 10-step framework for conducting work system 
improvements. 

Macroergonomic hazards: That class of system hazards related to defects in the organizational de
sign and management of system safety. 

Macro-ergonomic level: The overall work system level of ergonomic application. 
Macroergonomics: The subdiscipline of ergonomics that focuses on the design of the overall work 

system. Conceptually, a top-down sociotechnical systems approach to the design of work systems 
and the carry-through of the overall work system design characteristics to the microergonomic 
design of human-job, human-machine, and human-software interfaces to ensure that the entire 
work system is fully harmonized. 

Maintenance resource management (MRM): A human factors program designed to improve commu
nication, effectiveness, and safety in airline maintenance operations. MRM also is used to change 
the "safety culture" of the organization by establishing a positive attitude towards safety among 
maintenance personnel. 

Mass production: The mode of production in which the items produced are essentially the same and 
thus lend themselves to mass production techniques, such as assembly lines. 

Matrix organization: An adhocracy type of organizational design that combines departmentalization 
by function with departmentalization by project or product line. 

Mechanistic work systems: Work systems characterized by high vertical and horizontal differentia
tion, formalization, and centralization. They typically have routine tasks and programmed behav
iors and can respond to change only slowly. 

Mental model: Cognitive representations, based on past experience, that guide current perceptual 
activity. 

Micro-ergonomics: Those aspects of ergonomics primarily focused on the design of the interfaces 
between the individual and other system elements, including human-job, human-machine, 
human-software, and human-environment interfaces. 



GLOSSARY 395 

Middle-out: A work system analysis and design approach that proceeds from an intermediate or sub
unit level of the work system both up to the overall work system level and down to the individual 
worker level. 

Mission: The goal or purpose of a work system. 
Modular form: A relatively new form of adhocracy that outsources nonvital functions while retaining 

full strategic control. 
Monte Carlo technique: An empirical study of statistics using random numbers. It is applied to 

empirical studies of behavioral models or methods that the investigator wishes to explore. A way 
of randomly selecting a variety of items within a set so the selection is constrained by the correla
tions between the dimensions. 

Open systems: Systems that are open to being influenced by, and influencing, their external environ
ment, such as sociotechnical systems. 

Operational hazards: That class of system hazards related to operational aspects of the system. Risk 
factors for injury or illness produced by the person's interaction with technology. They are the 
interaction of behavior and physical hazards that may potentiate the risk of injury. They often are 
associated with dynamic operational circumstances and/or with intermittent or transitory conditions 
of system performance for which no physical standards or standard operating procedures exist. 

Organic work systems: Work systems characterized by relatively low vertical differentiation and for
malization with decentralized tactical decision making, enabling them to be flexible and adapt 
quickly to change. 

Organization: The planned coordination of two or more people who, functioning on a relatively 
continuous basis and through division of labor and a hierarchy of authority, seek to achieve a 
common goal or set of goals. 

Organizational design: The design of a work system's structure and related processes to achieve the 
organization's goals. 

Organizational requirements definition tools (ORDIT): A set of automated tools designed to assist 
in the specification of work system requirements for information technology systems using an 
integrated methodology. Developed by the HUSAT Research Institute at the Loughborough 
University of Technology, UK. 

OSHA: U.S. Department of Labor Occupational Safety and Health Administration. 
Pareto analysis: Any procedure that identifies which 20% of the variance causes 80% of an impact 

on performance. 
Partial direct participation: Having a representative subset of participants involved, rather than the 

entire group; usually necessary because of economic considerations. 
Participation: A general term for involvement of users or others in a task. 
Participative management: A style of supervision that involves workers in decision making, at least 

at the level of providing recommendations and sometimes at a level of complete delegation. 
Participatory ergonomics: The involvement of employees in the ergonomic analysis and design of 

their work environments and activities. 
Participatory hazard management: Involving workers in the hazard management process by assign

ing responsibility to them for hazard recognition, evaluation, and abatement, as well as hazard 
management decision making. 

Passive-aggressive: The acting out of anger or hostility by being passive, not doing things, or doing 
them slowly or inefficiently. In organizations, this often takes the form of doing the minimum to 
get by rather than what is really required to get the job done effectively. 

P-E Fit Theory: Theory proposed by researchers at the Institute for Social Research (ISR) at the Uni
versity of Michigan to define the relationship between the person and the environment in which 
the person operates. The theory proposed ways to improve the "fit" between people and the envi
ronment. These researchers included Robert Kahn, Jack French, Robert Caplan, Stan Seashore, 
and others. The core premise of the person-environment fit theory is that stress arises not from 
the person or environment separately, but rather by their fit or congruence with one another. 
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Performance standards: Standards of system safety performance associated with the performance of 
those responsible for managing system safety. 

Personnel subsystem: One of the four basic elements of a sociotechnical system. It consists of the 
people who make up the organization's workforce. 

Physical hazards: That class of system hazards related to defects in physical/environmental design 
features of the system. 

"Picking the low-hanging fruit": Selecting projects for ergonomic intervention in which there is a 
high probability of showing improvement in productivity, health, safety, or other important orga
nizational criteria in a relatively short time. 

Presence support: Technological augmentation that attempts to simulate the perception or feeling of 
being in a real environment. 

Principles: The guiding principles (for behavior) of a work system. 
Process: A series of steps that convert inputs to outputs in a system. 
Process production: The mode of production in which the production process is continuous, such as 

oil and chemical refineries. 
Production technology: A means of classifying technology based on mode of production (e.g., unit, 

mass, or process). 
Production type: The categories of production systems offered by various taxonomies, such as 

"craft," "unit," "mass," and "process" in the case of the production mode classification system. 
Professional bureaucracy: A bureaucratic design that relies on a high degree of professionalism in 

the jobs that comprise the work system. It is characterized by more broadly defined and less rou
tine jobs than found in a machine bureaucracy, relatively low formalization, and decentralization 
of tactical decision making. 

Profit center: A structural characteristic of free-form adhocracies used in place of departmentaliza
tion. Profit centers consist of highly professionalized, results-oriented work teams. 

Psychosocial: The reciprocal influence or interaction of the mental and emotional characteristics of 
the individual with the social characteristics of the group. 

Quality circles: Permanent organizational teams focused on problem solving, popularized by the 
Japanese in the 1960s. 

Quality management: Total quality management (TQM) is an approach for continuously improving 
the quality of goods and services delivered and, therefore, meeting or exceeding the needs and 
expectations of customers through the participation of all levels and functions of the organization. 

Quasi-experiment: An empirical study in which independent variables are manipulated to evaluate 
the effect on dependent variable(s) but in which representative selection and/or assignment are 
not performed. 

Reactive feedback: Reactive feedback is the response that the sensory receptors in the muscles and 
joints receive from motor activity. 

Reengineering: The redesign of work processes to improve efficiency and productivity. 
Relevant task environment: Those parts of an organization's external environment that can positively 

or negatively influence the organization's effectiveness. 
Role analysis: The process of evaluating work roles. This can include the expectations others have 

for these roles as well as the perceptions held by role occupants. 
Role network: Sometimes called role set, the conceptualization of various work roles and how they 

interact with one another to form a social subsystem. 
Role set: Sometimes called role network, the conceptualization of various work roles and how they 

interact with one another to form a social subsystem. 
Safety: Freedom/security from danger, injury, or damage. 
Safety management: That organizational function or program with a general focus on safety and acci

dent prevention. 
Safety performance: The integrated performance of all organizational and individual participants in a 

system whose activities affect system safety. 
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Scanning: A term from sociotechnical systems theory referring to a broad-based evaluation or analy
sis, usually focused on the system or environment being studied or improved. A preliminary 
high-level analysis. 

Scientific management: A method of work design, developed by Frederick W. Taylor at the begin
ning of the 20th century. The systematic observation of workers to determine the "one best way" 
of performing each task, and then, training workers to follow it. 

Self-managed teams: In contrast to a cross-functional team, a permanent team with significant deci-
sion-making authority, usually including selection, assignment, scheduling, and work design. 
These teams are sometimes called autonomous or high-performance work teams. 

Self-regulation: The control of the environment by the individual, organization, or community using 
technology, activities (tasks), and work organization processes. 

Semistructured interview: An interview procedure in which a set of basic questions are developed 
for each interviewee, but then the interviewer improvises with additional questions as required to 
follow up on the interviewee's answers to the basic questions to gain additional information. 

Sequential engineering: Engineering functions, such as design, analysis, and production, are per
formed independently with the output of one function serving as the input to the next. 

SHELL model: Software, Hardware, Environment, Liveware model. This model represents how 
human factors is defined as a system and the various interactions that occur between the subsys
tems and the human operator as it relates to the aviation community. 

Situational awareness: Perception of the immediate environment. 
"Smart" products: System outputs with ingrained information-processing intelligence. 
Social boundaries: The borders created by the formal organization chart's definition of jobs. 
Social tracking (or social feedback control): A synonym for social feedback control. It is used to 

designate the fact that such control is continuous and not discrete, that it involves self-generated 
action and not S-R [Stimulus-Response] processes, and that it entails various modes, conditions, 
and parameters of closed-loop regulation of interpersonal and group activity. 

Socio-informational view: Refers to an effort to develop new work structures having greater system 
transparency, higher system flexibility, and decentralization. This view emphasizes congruency 
and integration of people, technology, and organization. 

Sociotechnical systems: Work systems composed of (a) a technological subsystem, (b) a personnel 
subsystem, (c) an external environment that interacts with the organization, and (d) an organiza
tional design. 

Span of control: The number of employees a given manager can directly supervise effectively. Span 
of control is affected by a number of work system design factors. 

Spatial dispersion: The extent to which an organization's activities are performed in multiple locations. 
It is measured by (a) the number of geographic locations constituting the total work system, (b) the 
average distance of the separated locations from the organization's headquarters, and (c) the propor
tion of employees in these separated units relative to the number in the headquarters. 

Specific task environment: The particular combination of relevant task environments for a given 
organization. 

Stakeholders: Individuals or groups with a vested interest in a work system. 
Steady state: A constant trend in performance. 
Strategic decisions: Decisions that deal with the long-range vision and goals of the organization. 
Strategic planning: Long-range planning for an organization, usually looking 5 to 10 or more years 

into the future. Strategic planning typically results in strategic planning documents and 
"roadmaps." Popularized by General Electric in the 1960s. 

Stratified semistructured interview: A procedure in which a sample of interviewees is systematically 
selected by organizational level, department, and so on to ensure that it will be representative of 
the entire work system of interest. Each selected interviewee then goes through a semistructured 
interview process with an interviewer. This procedure is widely used in conducting organiza
tional assessments. 
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Structural analysis: Analysis of the organizational structure of a work system. 
Structural form: The type of organizational structure utilized by a given work system. 
Subenvironments: Categorical subunits within the external environment of a work system. 
Suppliers: Providers of resources or inputs to a work system. 
Survey feedback method: A method in which the data gained from an organizational questionnaire 

survey are summarized and subgrouped statistically and by organizational level, department, 
project, and so on and then are fed back to the individual organizational units for interpretation 
and, where applicable, action to improve organizational functioning. 

System harmonization: The work system condition achieved when all subsystems are synchronized 
and behaving as a single unit. 

System inputs: Resources provided by suppliers to a work system. 
Systematic organizational design methodology (SORD): Developed for designing U.S. Army organi

zational units, SORD is a step-by-step set of computer-assisted procedures for the comprehen
sive, systematic, integrative, and reliable design of work systems. 

Tactical decisions: Decisions that deal with the day-to-day operation of the work system. 
Task allocation: The process of assigning tasks to humans or machines in designing or modifying a 

work system; includes the allocation of tasks to specific work modules and jobs. 
Technological complexity: A scale of production mode complexity, with unit production being the 

least technologically complex, mass production intermediate, and process production the most 
complex. 

Technological imperative: The often-held view, unsupported by the research literature, that technol
ogy has a compelling influence on work system structure and should determine work system 
design. 

Technological subsystem: One of the four basic elements of a sociotechnical system; it consists of the 
machines, tools, software, and other technological components of the organization. 

Territorial boundaries: The borders around the physical space used for product conversion. 
Throughput boundaries: The work system borders, from the input owned by the system to the output 

for distribution to consumers. 
Throughput variance: An unexpected or unwanted deviation in a process from standard operating 

conditions, specifications, or norms. 
Time boundaries: The temporal borders related to such characteristics as seasonality, and the number 

and timing of shifts. 
Top-down: A work system analysis and design approach that proceeds from the overall work system 

level down through the work system's subunits to the individual worker level. 
Total quality management (TQM): A management system and philosophy that uses cross-functional 

teams and tools to continuously improve business processes for the satisfaction of customers. 
Deming, Juran, and Crosby are some of the names associated with the movement. In the United 
States, the Malcolm Baldrige National Quality Award recognizes companies for achievement in 
this area. 

Unit operations: Groupings of conversion steps from inputs to outputs that together form a complete 
or whole set of tasks and are separated from other steps by territorial, technological, or temporal 
boundaries. 

Unit production: The mode of production in which each item produced is unique, rather than essen
tially the same; for this reason, items do not lend themselves to mass production techniques. 

Usability: The extent to which a given hardware or software product can readily, effectively, and 
safely be operated or maintained (used) by people from the intended user population; often 
dependent on the extent to which the product has been well designed ergonomically. 

User-centered design: A design philosophy that uses participative approaches to involve users in the 
design process. 

User systems analysis: An approach for assessing work system needs for information-processing 
equipment and software and evaluating related task and work system design factors. Central to 
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the approach is an analysis of the user's environment, functions, and tasks, and related user infor
mation needs. 

Value: An attribute that guides behaviors and attitudes. 
Variance: An unexpected or unwanted deviation from standard operating conditions, specifications, 

or norms. 
Variance table: A graphic representation that positions variances along both axes and illustrates 

which variances are related to which other variances. Key variances are usually identified as well. 
Vertical differentiation: The hierarchical structure of the work system. It is measured by the number 

of hierarchical levels separating the chief executive position from the jobs directly involved with 
the work system's output. 

Virtual enterprise: The means by which development of an appropriate response to global market 
opportunities can be realized. 

Virtual organization: A relatively new form of adhocracy that consists of a continually evolving net
work of independent companies. 

Virtuality: The simulation of real environments or tasks through information technologies. 
Vision: The long-term view or desire of what a work system is to become in the future. 
"Walk the talk": Managers exhibiting the same behaviors and/or attitudes (driven by corporate 

values) that they expect of their subordinates. 
Worker hazard survey: A hazard management approach involving surveying workers for purposes of 

hazard identification and evaluation. 
Workers' compensation: A state-managed and employer-funded insurance system that provides 

indemnification for workers that experience job-related injury and/or illness. 
Workflow integration: A scale for defining technology in both manufacturing and service organiza

tions in terms of a combination of three factors: (a) degree of equipment automation, or extent to 
which work activities are performed by machines; (b) work flow rigidity, or the extent to which 
the sequence of activities is inflexible; and (c) specificity of evaluation, or the degree to which 
work activities can be assessed by specific, quantitative means. 

Work-related musculoskeletal disorders (WMSDs): Musculoskeletal disorders that result from work 
that requires excessive lifting, repetition, awkward postures, or other stress factors in the work 
environment, including psychosocial factors. 

Work role: The actual functions and tasks expected or required to be performed to control variances 
in a work system. These functions and tasks may or may not be consistent with the formal job 
description. 

Work system: A system that involves two or more persons interacting with some form of (a) hard
ware and/or software, (b) internal organizational environment, (c) external environment, and 
(d) organizational design. 
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