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THE ESSENTIAL ROLE OF HUMAN FACTORS 
IN ADVANCED TECHNOLOGY 

By Richard S. Fowkes 1 

ABSTRACT 

Advanced technology, including automation and computerized information systems, is being adopted 
in mining at an ever-increasing rate to improve safety and productivity and to decrease overall costs. 
This U.S. Bureau of Mines report focuses on the human factors issues related to advanced technology. 
Among the significant facts discovered were the following: Experts studying the design, adoption, and 
implementation of new technology have stated repeatedly that human factors specialists should be 
involved from the early planning stages, through design and fabrication, and up to and during 
production, since human factors has been consistently identified as the biggest obstacle to the efficient 
utilization of new technology. Also, middle management is generally the greatest obstacle to the 
adoption of advanced technology; this technology can give rise to worker alienation, boredom, stress, 
job insecurity, and a sense of isolation; training most of the present work force is more cost effective 
than hiring new workers; workers are willing to accept new technology if they are given a voice in its 
implementation; the social and the technical systems should be jointly optimized; and with the intro­
duction of advanced technology, the cognitive or mental, rather than the physical, aspects of human­
machine interaction must be emphasized., 

lResearch physicist, Pittsburgh Research Center, U.S. Bureau of Mines, Pittsburgh, PA 
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INTRODUCTION 

The U.S. Bureau of Mines (USBM) has been involved 
with in-house and contract research and development on 
automation for many years. The USBM's emphasis has 
been on underground coal mining, although the USBM is 
presently developing an automation research program for 
underground metal and nonmetal mining. 

The most comprehensive USBM mine mechanization 
program, known as Advancing Mining Technology, began 
in 1974 after the Organization of Petroleum Exporting 
Countries (OPEC) oil embargo. The program was divided 
into 13 subprograms, including both the underground and 
surface mining of coal, and was almost totally an equip­
ment development program with the goal of increasing 
coal mining productivity without impacting negatively on 
the health or safety of miners. This program did not rely 
heavily on USBM in-house research, but rather was im­
plemented through contracts with mining equipment man­
ufacturers, operating mines, consultant companies with 
expertise in various areas of mining, and universities, as 
well as through cooperative agreements with U.S. national 
laboratories and foreign organizations. Three of the 
underground mining programs focused on automation: 
Automated Longwall, Automated Remote-Controlled Con­
tinuous Miner, and Automated Continuous Roof Support. 
Some of the other subprograms devoted part of their 
effort to the consideration of automation, such as an auto­
mated extraction system, continuous face baulage, and 
hydraulic transportation. In addition, there have been 
USBM projects that addressed the automation of equip­
ment or functions such as a shuttle car, a continuous 
miner, coupling-decoupling of mine cars, a bolter with 
temporary roof support, rail haulage, and a scoop. 

The present USBM automation program also encom­
passes robotics and concentrates on underground mining. 
Its goal is to eliminate the presence of workers in hazard­
ous areas of underground mines. The program is at­
tempting to accomplish this goal through both near- and 
long-term research. The short-term research emphasizes 
the automation or robotization of state-of-the-art mining 
equipment and methods (such as a continuous mining ma­
chine, a roof bolter, and haulage in room-and-pillar sec­
tions) and the development of knowledge-based computer 
systems that will aid management and improve safety. The 
long-term research focuses on the design of new mining 
systems that can take advantage of the specific attributes 
of robotic and artificial intelligence technology and will 
enhance both safety and productivity, i.e., the development 
of intelligent autonomous mining systems. Sensors and 
sensor systems are being studied because they are the only 
means by which autonomous, computer-controlled mining 
machines can obtain the data required for control and for 
making decisions. Substantial USBM research is being 
performed involving sensing technologies to determine 

coal-rock interfaces so that coal, not rock, will be cut, and 
to determine rib-pillar thickness for highwall miner lateral 
guidance, roof integrity, and the geology in advance of 
mining. 

The target machine chosen by the USBM for the de­
velopment of autonomous mining machines is the contin­
uous miner, which is used in underground coal mining for 
room-and-pillar mining in advance and retreat, longwall 
entry development, and shortwall mining. Successful re­
sults from this research will provide information, experi­
ence, and technology that can be applied to other equip­
ment and systems used in underground mining. 

The USBM's research on automation and robotics 
has now reached the technical stage, at which an in-depth 
consideration of human factors is important. The sig­
nificance of human factors for advanced technology in 
mining was stressed by Forshef in his paper on USBM 
research in advanced technologies: • As mining systems 
become more sophisticated technically, for example, 
computer-assisted, etc., the significance of human decision 
making and behavior will increase. Future design of 
mining systems will require more, not less, emphasis on 
the human element.· 

This report includes four major sections. The frrst is 
a summary of a literature review of human factors and 
its importance in adopting, implementing, and utilizing 
advanced technology. The second section contains the 
results of interviews of mining personnel dealing with such 
human factors topics as the effects of advanced technology 
on the following: management practices and organiza­
tional structure, the importance of human factors re­
search, mining employment, training and retraining, labor­
management problems and how they should be addressed, 
employee resistance to the new technology and overcoming 
this, and productivity. The third section is a summary of 
a literature search that concentrated on the following 
topics with respect to the impacts of advanced technology: 
barriers to adoption, job design and redesign, organiza­
tional structure and management practices, psychological 
factors (e.g., alienation, boredom, stress, job insecurity, 
isolation), quality of working life, social (people) and tech­
nical systems compatibility, training and retraining, worker 
acceptance, worker communication, worker displacement, 
worker involvement and participation, and the human­
machine interface (from the human factors perspective). 
Finally, the fourth section is an appendix, which is an 
annotated bibliography and gives details on the results of 
the literature search. 

2Forshey, D. R u.s. Bureau of Mines Research in Advanced Mining 
Technologies. Paper in International Conference on Reliability, Pro­
duction and Control in Coal Mines (Wollongong, NSW, Australia, Sept. 
1991). Australasian Inst. Min. and Metall., 1991, pp. 306-313. 
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IMPORTANCE OF HUMAN FACTORS IN ADVANCED TECHNOLOGY 

Human factors is the study and application of known 
information about human abilities, limitations, motives, 
and behaviors to the analysis and design of organizations, 
machines, tools, environments, and systems. It stresses 
the design of equipment and systems in terms of safe, 
productive, and psychologically satisfying human use. 
Human factors plays an essential role in the adoption, 
implementation, and utilization of advanced technology. 
However, human factors is all too often ignored or intro­
duced as an afterthought after the advanced technology 
is in operation. Even with automation and the most ad­
vanced technology, people are involved in monitoring, 
controlling, and maintaining the technology and in making 
critical decisions. Since the importance of human factors 
for advanced technology has received less formal attention 
in mining than it has in manufacturing, the bulk of pub­
lications emphasize manufacturing (the two studies that 
are mining oriented were done in the United Kingdom). 

In fact, the importance attributed by manufacturing to 
human factors is shown by the number of conferences that 
have been and still are devoted totally or in part to human 
factors and the human aspects of advanced manufacturing 
systems and by the continuing appearance of articles in 
journals on these subjects by persons associated with 
manufacturing. The experience gained and the results of 
studies by the manufacturing personnel on the adoption of 
advanced technology should provide some useful informa­
tion to their counterparts in the mining industry. FIgUl'e 1 
illustrates the importance of human factors when advanced 
technology is adopted. 

Specific conclusions based on the literature review are 
as follows: 

• In general, the consideration of human attitudes and 
needs and the role of people in new technology systems 
implementation is insufficient and too late. 

• Human factors are the biggest problems in implementing advanced technology 
• The human role in utilizing advanced technology includes 

Supervising 
Monitoring 
Controlling 
Maintaining 
Decisionmaking 

• Mistakes made by companies adopting advanced technology 
Ignoring human factors 
Applying human factors too late 
Not using human factors prinCiples enough 

• Results of not considering human factors 
Disgruntled employees 
Not realizing the full productivity potential 
Maintenance problems 
Accidents 

• Measures to correct the mistakes 
involvement of human factors specialists during 

Planning 
Design 
Fabrication 
Operation 
Maintenance 

Training 
Worker participation 
Communication with workers and feedback 

Figure 1.-Importance of human factors In advanced technology. 
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• The human factors specialist should be involved at 
all stages, from very early planning through design and 
fabrication to operational use of the system. 

• Human factors is consistently identified as the big­
gest problem in implementing automation and must be 
taken into account if the full benefits of automation are to 
be realized. 

• Human factors should not be considered as an after­
thought, since once new technology is installed it is dif­
ficult and costly to adapt it. 

• Human factors is of equal importance to the tech­
nical aspects since it directly impacts on the safety and 
economic efficiencies of the new technology and its even­
tual success or failure. 

• Often the people who design advanced technology 
do not sufficiently consider the requirements of those who 
manage it and those who implement or maintain it. 

• Even in the most automated systems, the human 
roles of monitoring, supervising, and maintaining remain 
critical to the accomplishment of operational goals. 

• Not only is the nature and level of the human con­
tribution to advanced technology important, but of equal 
importance is the interaction between the human and 
machine components of the system. 

• The human-centered approach, whereby the human 
role in the system is regarded as crucial to its effective 
operation rather than a drawback and potential source of 
error, should be emphasized in the design and imple­
mentation of new technology. 

• Planning for human systems is generally done after 
the fact, i.e., only after technical choices have been so­
lidified are the impacts on humans and the organization 
considered. 

INTERVIEWS WITH MINING PERSONNEL 

Interviews were conducted by telephone with 50 persons 
who were known by the author of this report to be knowl­
edgeable in various mining areas. Interviewed were 11 
supervisors or managers at mining companies, 5 mining 
equipment designers, 12 university mining department 
professors, 7 mining consultants, 5 Government mining 
researchers, and 10 representatives of USBM contractors 
who had had USBM mining contracts. All had familiarity 
with one or more aspects of advanced technology in min­
ing. A total of 41 had been or were involved with under­
ground coal mining, although their direct expertise in most 
cases spanned underground and surface mining of both 
coal and noncoal mined materials. A series of questions 
pertaining to human factors and advanced technology for 
mining was asked of each individual with some variations 
depending on the person's background and area of respon­
sibility. There was universal agreement among the inter­
viewees that more and more automation will be used in 
mining, although there were differences of opinion on the 
types and degree of automation that will be desirable. 
Figure 2 recapitulates the opinions of those interviewed in 
response to several important questions. The questions 
and summaries of responses follow. 

1. Question: What managerial and organizational 
changes have been made to accommodate advanced 
technology? 

Summary of responses: The introduction of more 
advanced technology has led mining companies to hire a 
number of young engineers with recent training who are 
familiar with computers and the latest relevant software. 
Owing to the increasing complexity of mining equipment, 
there is a trend toward hiring specialized engineers in the 

electrical, hydraulic, and mechanical fields. Some com­
panies want their engineers not only to be able to maintain 
their equipment but also to modify equipment already 
being used at mines and to write specifications for equip­
ment manufacturers for new equipment. Companies in 
general have had to reduce the size of their work force as 
they have sought ways to cut costs to remain competitive. 
In some cases, this has meant cutting the managerial staff, 
mostly by eliminating jobs that were not considered nec­
essary or by using computers rather than managers to ob­
tain, manipulate, and/or disseminate information. The 
overall opinion of the interviewees was that mining com­
panies have done well on cutting costs at all levels, in­
stilling in management a sense of cost consciousness, and 
having a management that is more technically trained than 
in the past. Human factors is considered when new tech­
nology is adopted but not as a formal discipline. The new 
technologies have been partly responsible for some of the 
organizational changes, notably in elevating the status of 
the maintenance department and its management. This is 
because the new technology is so complex and the cost of 
downtime has increased. However, the most important 
stimulus to management and organizational changes has 
been and will continue to be trying to survive and make a 
profit in a very competitive energy market. None of the 
mining people with whom discussions were held believes 
that increased automation, utilization of computers, etc. 
will result in any major shift in management or organiza­
tional practices beyond those that have occurred in recent 
years. There were some mining personnel, however, who 
believe that the criteria by which managers and supervisors 
are chosen by mining companies emphasize technical 
expertise excessively. Those who make the decisions on 



• Managerial and organizational changes 
Hiring of specialized engineers 
Hiring of recent university graduates 
Eliminating unnecessary jobs 
An increased sense of cost consciousness by management 
An elevated status for the maintenance department 
Selecting managers who can motivate employees 
An increasing utilization of computers for both managerial and technical functions 
Improved communications with feedback from employees 
An increase in worker participation in decisionmaking 
A flatter hierarchy with fewer middle managers 

• Effects on employment 
An increase in the number of maintenance personnel at operating mines 
An increase in the number of engineers and computer specialists at operating mines 
An increase in the number of employees in longwall mining 
An overall decrease in the number of mining employees 

• Effects on training 
Higher levels of education required 
Engineers and computer scientists must keep up to date 
Ongoing training must be given to managers and maintenance personnel 
Operators must be trained in the new technology 

• Suggested applications of ergonomics-human factors 
Ergonomic design of equipment and systems 
Human factors taken into consideration during the adoption and implementation of 

new technology 
Motivation of workers to ensure the new technology is used safely and productively 
Communication with workers, including feedback 

• Overcoming management and worker resistance to adoption 
Emphasize that more (maybe all) jobs will be lost without the new technology 
Stress that sincere attempts will be made to limit the job loss by attrition 
Make as many of the required organizational changes as feasible before the new 

technology arrives 
Terminate any unneeded middle managers as quickly as possible 

FIgure 2.-Results of Interviews with mInIng personnel on Impacts on mInIng of adoption of advanced technology. 
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hiring and promoting should realize that it is just as im­
portant, perhaps more so, that supervisors be competent 
people managers who can motivate their employees as it 
is that they have technical expertise. 

2. Question: What managerial and organizational 
changes should be emphasized by mining companies as 
more advanced technology is adopted? 

Summary of responses: The starting point is people. 
Management must be more technical because of the new 
technology including computers, but it also must be people 
oriented, and the work force must be better trained and 
educated. Maintenance is so critical that a manager of 
maintenance must be appointed who is on a level equal to 
that of other top managers. The use of computers for 
information systems means that managers must know how 

to use computers and know what they should be used for. 
The mining work force is better educated than in the past, 
and there is increased competition with other industries 
for quality people. This means that motivating employees 
and giving them more responsibility for making decisions 
should receive more emphasis. The organization must be 
constantly scrutinized to eliminate unnecessary or nonpro­
ductive jobs. Communication among all layers of manage­
ment and between management and the workers becomes 
vital, which means that the organization must be set up to 
ensure that the desired communication occurs including 
feedback to the workers. The organization should change 
from a hierarchy to a horizontal form of management with 
as few layers of management between the workers and top 
management as is feasible. 
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3. Question: What training has been developed relative 
to the new technology? 

Summary of responses: Companies that supply the 
equipment provide manuals and also send persons to the 
mining company to train operators and maintenance per­
sonnel. Larger companies have their own training divi­
sions. Training operators has not constituted a large 
problem, but companies have spent considerable time and 
effort in training maintenance personnel because the new 
machinery is so complicated. Diagnostics using sensors 
where the machine "tells" what is acting up or what has 
gone wrong with it aids maintenance people immeasurably. 
Modular replacements are favored in many instances since 
another unit can be inserted and the machine can continue 
operating, thus minimizing downtime. 

4. Question: Is adoption of new technology being de­
layed because of any anticipated problems? 

Summary of responses: Companies are not post­
poning the adoption of new technology because of fears 
of problems. However, they do tend to wait until any new 
technology has been proven to work reliably, safely, and 
productively and to be cost effective. That is, companies 
similar to those that have demonstrated the benefits to 
be gained by using the technology will follow suit. Mining 
companies that adopt the new technology first have one or 
more managers who believe that the way to surpass the 
competition or to stay in business is to improve produc­
tivity through advanced technology. Sometimes an equip­
ment manufacturer attempting to retain or increase its 
share of the market persuades a mining company that has 
production problems or that is behind the competition that 
its new equipment will alleviate these problems. 

5. Question: Do you believe increasing utilization of 
advanced technology has had or will have any effect on 
mining employment (i.e., increase, decrease, remain the 
same)? 

Summary of responses: Underground and surface 
coal mining productivity (tons per employee-hour) has 
significantly increased for more than a decade. Production 
has increased to a more limited extent. Since productivity 
gains have far outpaced the increases in production, the 
number of miners had to decrease. However, the number 
of support personnel has not decreased to any extent in 
those mines that have stayed open; and several of the in­
terviewees believe that as mines become more automated 
the number of maintenance personnel will increase sig­
nificantly. Since many jobs in mining cannot be feasibly 
automated, there will not be many mining jobs lost to 
automation. However, if productivity continues to grow 
and the demand for coal does not keep pace with produc­
tivity, some mines will go out of business, thus eliminating 
jobs. Also, if Western u.S. surface mines with their high 
productivity increase their share of the coal market, many 

coal mining jobs at other mines will be lost. In addition, 
if the tons of coal mined using the longwall method in­
creases, there will be miners laid off elsewhere, since long­
wall mining is generally more productive than continuous 
mining. The interviewees essentially agreed, nonetheless, 
that at a particular mine adopting advanced technology 
there will not be fewer people employed than before this 
technology was acquired. 

6. Question: What effects will the adoption of ad­
vanced technology have on the types of workers and train­
ing that will be needed? 

Summary of responses: Better educated persons will 
be needed at mining companies as advanced technology 
is increasingly adopted, especially in maintenance and 
management. Operators who are competent in operating 
one machine can be taught to operate another machine. 
Engineers and computer scientists will have to keep 
abreast of the latest technical developments and relate 
them to mining systems and equipment. Ongoing training 
is essential for both managers and technical personnel. 

7. Question: How important are human factors and 
ergonomics as they relate to advanced technology? 

Summary of responses: The interviewees believed 
that ergonomic design of equipment and systems is im­
portant and should be considered as the equipment or sys­
tems are designed, not after the fact. The human factor 
is central and of major importance when new technology 
is adopted and implemented. No matter how potentially 
productive any new technology is, without competent and 
motivated people it will not achieve its potential. Human 
factors must be considered as it relates to both the tech­
nical and nontechnical aspects of a company. Communi­
cating with workers and allowing for feedback, involving 
the workers in decisions that impact their jobs, and moti­
vating them to be productive and safe are requisites with 
the more highly trained and educated mining work force 
that is required for using advanced technology safely and 
productively. 

8. Question: Are older workers capable of learning the 
new systems? 

Summary of responses: Opinions were divided on 
the answer to this question no matter where the inter­
viewee was employed. Some believed that older miners 
with experience have no real trouble learning to use new 
machinery, while others believed that the older miner was 
lacking in education and could not learn enough about 
the new systems to perform safely and productively. How­
ever, it was generally agreed by the interviewees that many 
of the older maintenance people will have difficulty learn­
ing, even after taking training courses, how to repair the 
complicated new equipment or prevent it from breaking 
down. 



9. Question: What labor-management problems arise 
when new technology is introduced? 

Summary of responses: The fIrst concern of workers 
is the loss of jobs, followed by the usual fear of having to 
learn something new when one is comfortable and satisfIed 
with the manner in which one is currently performing. 
Miners realize that the number of miners and operating 
mines have declined signifIcantly in recent years as pro­
ductivity has risen faster than demand, and they believe 
that more advanced technology means even fewer mining 
jobs. Workers tend to doubt management's assurances 
that the new technology will benefIt them. Also, many 
mining companies that remain in business have become 
parts of conglomerates that introduce reorganizations and 
often eliminate jobs. Managers are often pressured to 
improve the profIt picture quickly, which generally means 
cost cutting and a consequent reduction in the work force 
size. 

10. Question: What are the best ways to overcome 
management and worker resistance to the introduction of 
new technology? 

Summary of responses: Miners only agree that the 
adoption of new technology will benefIt them when they 
are convinced that without the new technology their com­
pany cannot remain competitive. The argument presented 
to them is that without the new technology the company 
will go out of business, leaving them unemployed. How­
ever, since advanced technology is generally introduced 
over several years, management can tell the workers that 
none of them will lose their jobs and that the decrease 
in employees will be accomplished by attrition. Middle 
management remains almost impossible to convince that 
it won't be negatively affected when advanced technology 
is adopted. These managers believe that either the nature 
of their jobs will drastically change or, worse yet, they will 
be laid off. Top management must decide as early as 
possible in the process of obtaining new technology how 
the organizational structure will change and take the steps 
necessary to implement the organizational changes before 
the new technology is acquired. Top management must 
decide which middle managers will be retained, ensure 
that these managers know they will remain employed, in­
volve them at all stages of adoption and implementation 
of the new technology, and terminate the unneeded man­
agers as quickly and painlessly as possible. 

11. Question: What will be the effects of even more 
advanced technology on accidents in underground coal 
mining that can lead to injuries or fatalities? 

Summary of responses: The technology introduced 
to date has affected the frequency and severity of accidents 
in several ways. For example, the number of roof fall ac­
cidents in longwall mining has decreased since the miners 
are protected by shields. However, in the cramped quar­
ters of the longwall face, there have been more severe, 
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although less frequent, accidents. Semiremote- and 
remote-controlled continuous miners have reduced the 
sorts of accidents that used to occur to continuous miner 
operators while mining at the face. However, continuous 
miner operators who use remote control have no canopy 
protection and can be injured by roof falls. Conveyor belt 
systems have replaced most rail haulage, decreasing rail 
haulage accidents signifIcantly. Continuous haulage elim­
inates shuttle car accidents. Miner-bolters and automated 
roof bolting also eliminate many roof fall accidents. Auto­
mated longwalls will abolish jobs such as shearer operator, 
meaning the elimination of accidents for those persons. 
However, the types of accidents may be different than 
those encountered in the past with automated equipment. 
For example, the equipment could run into persons doing 
maintenance. There are at present many accidents in­
volving support personnel such as those in maintenance, 
performing cleanup, or handling supplies and materials. 
The advanced technology to be introduced into mining in 
the next 10 years or so may not decrease the number of 
accidents to these people and could even lead to additional 
accidents. 

Highlights from the mining interviews are as follows: 

• The introduction of more advanced technology has 
caused mining companies to hire many young engineers 
with recent training and a familiarity with computers and 
some engineers specialized in electrical, electronic, hy­
draulic, or mechanical systems and components. 

• Mining companies want engineers who can not only 
modify on-hand equipment but also write specifIcations 
for equipment manufacturers for new equipment that is 
wanted. 

• Mining companies have done well at cutting costs at 
all levels, instilling in management a sense of cost con­
sciousness, and forming a staff that is more technically 
competent than in the past. 

• The new technology has elevated the status of the 
maintenance department, and a manager of maintenance 
should be appointed who is on a level equal to that of 
other top managers. 

• Neither increased automation nor utilization of 
computers will result in any different sorts of management 
or organizational changes in the mining industry than 
those that have occurred in recent years. 

• Management has to be people oriented as well as 
technical, and the work force has to be better trained and 
educated. 

• The use of computers for information systems means 
that managers must know how to use computers and what 
they should be used for. 

• Competition with other industries for quality people 
and the complexity of the new technology means an 



8 

increased emphasis by management on motivating 
employees. 

• Communication between all layers of management 
and between management and the workers is critically 
important, and the organization must be structured such 
that the desired communication, with feedback, takes 
place. 

• The organization should change from a hierarchy to 
a horizontal form of management with as few layers of 
management between the workers and top management as 
is feasible and with more decisionmaking responsibility 
and autonomy given to the workers. 

• Companies that supply the new technology provide 
manuals and also send persons to the mining company to 
train operators and maintenance personnel, and larger 
companies have their own training divisions. 

• There has not been any real problem in training op­
erators, but companies have spent considerable time and 
effort in training maintenance personnel on how to main­
tain and repair the advanced equipment, including using 
diagnostics and modular replacements. 

• Mining companies have not postponed adopting new 
technology because of fears of problems, but there is a 
tendency to wait until any new technology has been shown 
to be cost effective and to work reliably, safely, and pro­
ductively at one or more other companies before adopting 
it. 

• The number of miners employed has decreased in 
recent years, primarily because the gains in productivity 
have outstripped the demands for mined products, but the 

number of support personnel at mines that have stayed 
open has remained the same and might even increase with 
the adoption of more advanced technology. 

• Better educated persons will be needed at mining 
companies as new technology is increasingly adopted, espe­
cially in maintenance, engineering, computer science, and 
management. 

• Ergonomic design of equipment and systems is im­
portant and should be considered as these are designed 
and not after the fact. 

• The human factor is central and of the utmost im­
portance when new technology is adopted and imple­
mented, because without competent and motivated people 
this technology will not live up to its potential. 

• Miners can be apprehensive when new technology is 
introduced because of a fear of losing their jobs or a belief 
that their jobs will change in negative ways. 

• The only time miners agree that the adoption of new 
technology might benefit them is when they are convinced 
that without the new technology their company cannot be . 
competitive. 

• Middle management is almost impossible to con­
vince that it won't be negatively affected when advanced 
technology is adopted. These managers believe that either 
their jobs will change drastically or, worse yet, that they 
will be laid off. 

• The introduction of new technology has decreased 
the number of certain types of mining accidents, but 
attention must be paid to the fact that this technology 
might be responsible for other accidents as it is adopted. 

LITERATURE REVIEW OF HUMAN FACTORS AND ADVANCED TECHNOLOGY 

This section presents a summary of the information 
obtained from the author's literature search on human 
factors and advanced technology. It is divided into several 
categories to help the readers to quickly grasp what is 
known or believed in the most important human factors 
areas of advanced technology. The categories that were 
chosen are 

• Barriers to adoption 
• lob design and redesign 
• Organizational structure and management practices 
• Psychological factors 
• Quality of working life 
• Sociotechnical systems analysis and applications 
• Training and retraining 
• Worker acceptance 
• Worker communication 
• Worker displacement 
• Worker participation. 

Appendix section contains an annotated bibliography 
with details on the pUblications from which this informa­
tion was gathered. 

BARRIERS TO ADOPTION 

There is widespread agreement among managers every­
where that automation and/or robotics will be needed for 
companies to stay in business because of both domestic 
and foreign competition. Vutually every job and every sys­
tem are analyzed by managers to determine the feasibility 
and the economics of replacing people with machines and 
replacing present technology with more advanced tech­
nology. Despite this awareness of the necessity to mod­
ernize, new technology is often not adopted at the ap­
propriate time or not adopted at all. Why is this so? In 
some cases, the most advanced technology does not seem 
to be appropriate for the products or services that the 
company provides.. Obviously, persons at all levels who 



think that they might lose their jobs or that the nature of 
their jobs will change in ways they do not like oppose the 
introduction of new technology. However, even before any 
of these other factors can be considered, initial barriers to 
the adoption and implementation of new technology are a 
lack of sufficient capital to enable a company to purchase 
the equipment and insufficient funds to operate and main­
tain the technology. But, even if an organization has or 
can obtain the required finances for the purchase, opera­
tion, and maintenance of advanced technology, human 
factors can, and often does, override technical and eco­
nomic judgments. Figure 3 indicates major barriers to the 
adoption of advanced technology. Publications indicate the 
following barriers to the adoption of new technology: 

• Availability of capital; 
• Lack of know-how or trained personnel within the 

company; 
• Organizational resistance to change; 
• Availability of appropriate education and training 

programs; 
• Traditional lines of management and traditional or­

ganizational structures; 
• Management and workers who fear changes in their 

jobs or loss of their jobs; and 
• Lack of an infrastructure of supporting systems, 

polices, and procedures. 

JOB DESIGN AND REDESIGN 

As advanced technology is introduced into a company, 
some jobs are inevitably eliminated, the remaining jobs 
from the top to the bottom of the hierarchy are altered to 
some degree, and some new jobs (generally requiring a 

9 

high level of skills, training, or education) are created. 
This means that present jobs have to be redesigned, often 
drastically, and new jobs must be designed. Simply re­
wording job descriptions or positions is not sufficient-the 
tasks to be performed must be given in detail, and er­
gonomic or human factors principles should be used in 
which human abilities, limitations, and psychological fac­
tors are emphasized. Figure 4 lists several important con­
siderations for job design or redesign when advanced 
technology is introduced. Publications claim that the key 
aspects of job design and redesign can be delineated as 
follows: 

• Those persons who have been most heavily involved 
with job design and redesign claim that the important 
elements to be included in job design in order to provide 
worker satisfaction and well being and to reduce worker 
stress and improve productivity are as follows: The 
operator should be able to check his or her results and 
to supervise the monitoring system, variety should be 
enhanced by allowing for the possibility of task expansion 
and job rotation, interrelations or socialization with others 
should be possible so that mutual support and communica­
tion can occur, opportunities should be present for learn­
ing by experimenting in new ways, and the operator should 
have sufficient autonomy or decision latitude in order to 
be able to assess malfunction and to eliminate it. 

• Many of today's top job designers believe in human­
oriented job design and that worker participation, en­
hanced task content through job enlargement and job 
enrichment, and group decision making help to reduce job 
stress as well as improve worker performance and job 
satisfaction. 

• Insufficient capital available for purchasing 
• Organizational and middle management resistance to change 
• Insufficient involvement by top management 
• Lack of know-how or expertise within the company 
• Nonavailability of appropriate training programs 
• Lack of personnel who can program and operate computer systems 
• Fear of de-skilling, learning new tasks, and/or job loss 
• Lack of an infrastructure of supporting systems, policies, and procedures within 

the company 
• Lack of a champion or project sponsor 
• Conservative management that waits until the new technology has been proven 

to be cost effective elsewhere 
• High cost of maintenance, repairs, and downtime 
• Necessity to keep the new technology active owing to its high capital cost 

Figure 3.-Barrler. to adoption of advanced technology. 
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• Employee control over the work situation and working methods or how tasks 
are performed 

• Understanding by the employee of the whole work process 
• Opportunity by employees for technical and social skill use and development 
• The possibility for employees to interact socially 
• A work schedule that allows employees to engage In off-the-job activities 
• Increased worker autonomy and declsionmaklng 
• Enhanced task content through job enlargement and job enrichment 

Figure 4.-Important considerations for Job design or redesign when advanced technology Is Introduced. 

ORGANIZATIONAL STRUCTURE 
AND MANAGEMENT PRACTICES 

Organizations have found that when new technology 
is introduced the company must change its structure and 
its management practices. One notable example is a de­
crease in the number of management levels. One reason 
a hierarchy with fewer middle-level managers can be in­
stalled is the availability of computers to store and 
disseminate information to top management, a role pre­
viously played by lower management. Another reason is 
that there has been a trend toward shifting decisionmaking 
to the operators and maintainers of the new technology. 
Thus, there has been a flattening of the hierarchy and a 
shifting downward of decisionmaking as to the actual work 
performed. In addition, advanced technology demands a 
more highly skilled and trained work force than was re­
quired when manual labor dominated the industrial scene. 
Mental and cognitive knowledge and ability are now re­
quired. Employees at companies using advanced technol­
ogy are more highly educated than workers of previous 
generations. They demand more latitude in how their 
work is implemented since they are capable of assuming 
more responsibility and want more challenge and variety 
to their jobs. Management should rely on a motivational, 
rather than a dictatorial, approach. Figure 5 lists impor­
tant organizational and management changes that have 
been suggested when advanced technology is introduced. 
Publications that deal with the subject of the effects of new 
technology on organizational structure and management 
practices stress the following: 

• The authoritarian style of management is totally in­
appropriate, even disastrous, in modem underground coal 
mines with their high degree of mechanization and their 
skilled work forces, while decentralization and flat hier­
archical management structures are the means of achieving 
important advances in productivity and costs. 

• How mines should be managed as technology be­
comes even more advanced requires continuous appraisal. 

• As new technology is adopted, organizations should 
have fewer hierarchical levels, allow more decisions to be 
made by employees at all levels, and develop a feedback 
mechanism between management and workers. 

• The desired changes in organizational structure are 
seldom considered at the design and planning stage when· 
new technology is to be introduced but definitely should 
be. 

• Top management of those companies that have been 
most successful in applying advanced technology are as 
much concerned about its effects on their people as they 
are about their technology. 

• Successful managerial strategies for implementing 
organizational change when new technology is introduced 
include (1) recognizing the importance of guaranteeing 
job security, (2) incorporating known and predictable ways 
of working the new technology into the new organiza­
tional structure, (3) using work groups as the basis for 
presentation of what is planned to be done, (4) ensuring 
that the pace of implementation is not hurried, (5) keeping 
a balance between programmed and nonprogrammed ac­
tivities, (6) respecting the natural orderings of group and 
structures, (7) allowing feedback and acting on the feed­
back, (8) having managers act as trainers and facilitators 
rather than as controllers, and (9) presenting a positive 
picture to the employees as to the future of the company. 

• An organization becomes more dependent on the 
nonmanagerial worker as new technology is used, and this 
dependency creates tensions with managers and super­
visors and requires a more flexible application of work 
rules. 

• A prodigious amount of planning, troubleshooting, 
and anticipatory problem solving by teams of people is 
required when automation is to be introduced. 

• Advanced technology to fulfill its potential requires 
that the table of organization be much broader at the 
bottom, there be fewer levels of management, each man­
ager or supervisor be given more authority in his or her 
realm, the organization function more like a grouping of 
colleagues and less like a hierarchical bureaucracy, and 
groups of workers be made smaller. 
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• A decrease in the number of management levels 
• A hierarchy with fewer middle-level managers 
• An increase in the autonomy and decisionmaking of operators and maintenance personnel 
• An emphasis on a more highly trained and educated work force 
• Development of methods by which employees can have continuous training or be retrained 
• Consideration of workers as assets rather than as extensions of machines 
• Development of a communication and feedback system between management and workers 
• Looking at what changes will be needed in the organizational structure at the planning 

and design stage 
• Using work groups composed of employees from all levels to determine and present 

which organizational changes and job changes will result from Introducing the 
new technology 

• An emphasis on predictive maintenance rather than on preventive maintenance 
• An increased emphasis on the planning and service support activities that management 

performs 
• Preparation of workers to accept more responsibility and to make more decisions 
• A change in management style from a control type to one that gives workers more 

responsibility and freedom 
• Involvement by top management in the implementation of the advanced technology 
• A continuation of informal organizational networks 

Figure 5.-Advocated organizational and management change. when HvMced technology Is Introduced. 

• Aspects of organizations that need to be addressed 
when new technology is adopted in mining include multi­
skill training and retraining of both management and the 
work force, predictive maintenance rather than preventive 
maintenance, and a more accurate assessment of economic 
life cycle costs for new technology. 

• One of the main problems facing corporate and in­
dividual managers at mining companies is the design of 
appropriate and effective organizational structures for the 
management of present and future advanced technology. 

• As much time and thought is required to design an 
organization compatible with the new technology as is 
required to plan and implement that technology. 

• The effective management of advanced technology 
dictates changes in managerial style and approach from a 
control to a commitment style in the workplace wherein 
individuals are given responsibility and freedom and man­
agement puts considerable time into maintaining human 
relations. 

• Estimates have been made that 60% of the benefits 
resulting from the installation of flexible manufacturing 
systems (FMS's) are actually derived from reorganization 
of the company and the work and only 40% from the 
technology itself. 

• Middle management is primarily responsible for 
motivating employees and must change its attitude toward 
employees when new technology is adopted by encouraging 

employee involvement, having a rapid and positive follow­
up of employee suggestions, and having a system of on­
going rewards for exceptional contn"butions to the im­
provement of the operation. 

• Top management should ensure that newly installed 
technology lives up to its expectations or that new soft­
ware works properly in their organizations, since most im­
plementations of manufacturing systems fail because top 
management is not involved in the process. 

• Experience has proven again and again that when 
top management is involved in the adoption and imple­
mentation of advanced technology, then lower levels in 
the organization try to make the new technology work 
since they believe they are being evaluated on their 
contributions. 

• A too-formal restructuring of an organization when 
new technology is introduced is counterproductive, because 
actual management systems are characterized by both 
formal organizational structures and informal information 
networks. 

PSYCHOLOGICAL FACTORS 

The importance of psychological factors when new 
technology is adopted and implemented has been well 
documented. Stress, which has been found to be common­
place when new technology is introduced, can lead to 
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excessive absenteeism, alcohol and/or drug addiction, de­
pression, neurosis, disharmony in the workplace, lessened 
productivity, departure of key employees, and a lack of 
loyalty to the company. With advanced technology, a 
sense of alienation and isolation can occur as social con­
tacts are diminished. Boredom and psychological fatigue 
become endemic if management does not take steps to 
minimize them. Task variety, worker autonomy, opportu­
nities to interact with coworkers, and management support 
and praise are instrumental in overcoming the negative 
psychological impacts that affect workers when advanced 
technology is introduced. Increased wages and incentive 
plans are not by themselves sufficient for job satisfaction. 
Figure 6 presents a listing of the potential negative psycho­
logical effects on workers when advanced technology is 

introduced and suggested solutions to these effects. Pub­
lications dealing with psychological factors and advanced 
technology emphasize the following: 

• Stress due to the introduction of new technology can 
lead to worker resistance, organizational instability, lower 
productivity, increased absenteeism, higher turnover, job 
dissatisfaction, and disruption. 

• Psychological problems that have arisen among 
workers when advanced technology is adopted include de­
pression, anxiety, alienation, boredom, a sense of isolation, 
tension, anger, and frustration. 

• New technology has increased alienation, which 
arises when workers have a feeling of powerlessness, 
meaninglessness, a lack of social norms, and self­
estrangement. 

• Potential negative effects 
Increased stress 
Worker resistance 
Excessive absenteeism 
Alcohol and/or drug addiction 
DepreSSion 
Sense of powerlessness 
Feelings of instability, impermanence, and unpredictability 
Neurosis 
Disharmony in the work force 
Lessened productivity 
Destruction of worker self-respect 
Lack of loyalty to company 
Low morale 
Organizational instability 
Sense of alienation and isolation 
Boredom and monotony 
Psychological fatigue 
Anger, anxiety, and frustration 

• Suggested solutions 
Task variety 
Worker autonomy and decision making 
Opportunities to interact with coworkers 
Management support and praise 
Incentive plans 
Availability of counseling 
Quality circles or planning groups 
Communication from management 
Feedback on workers' suggestions and complaints 
Development of coping mechanisms 
Opportunities for training 
Treating workers as assets rather than as things 
Using a commitment rather than a control style of management 

FIgure S.-Potentlal negative effects on workers when advanced technology Is adopted and sug­
gested solution .. 



QUALITY OF WORKING LIFE 

The quality of working life has been investigated ex­
tensively because it is argued if employees perceive their 
work and their working conditions as attractive, then they 
are more likely to be productive, perform their tasks 
safely, and be absent from work less often. There has also 
been a tendency in recent years in industrialized societies 
to consider the psychological consequences of the work 
environment on employe~s as the negative role of ex­
cessive stress on the mind and on the body has become 
apparent. In addition, as the work force has become more 
highly educated and trained, it has demanded more 
humane working conditions. All of these factors have led 
to what has been called the quality of working life move­
ment. Publications that discuss the quality of working life 
emphasize that 

• Advanced techilOlogy has the potential to decrease 
the quality of working life by restricting the amount of 
autonomy, contro~ and challenge available to the worker 
and by closer monitoring of workers' performance; 

• On the other hand, advanced technology can in­
crease the quality of working life by expanding the deci­
sionmaking opportunities of workers. 

SOCIAL (PEOPLE) AND TECHNICAL 
SYSTEMS COMPATIBILITY 

Whenever and wherever advanced technology is intro­
duced, it forms an integral part of the technical system of 
the company. However, of equal importance is the social 
system within and external to the company. These two­
the technical and the social systems-must be made, at the 
very least, compatible Gointly optimized if feasible). One 
approach to solving this compatibility problem that has 
been used extensively is called sociotechnical systems 
theory (SST). It stresses that every organization is com­
prised of people (the social system) who use tools, tech­
niques, and knowledge (the technical system) to produce 
goods or services for customers (who are part of the 
organization's external environment). Sociotechnical sys­
tems thinking arose as an antidote to the ills of military­
bureaucratic organizational designs. Traditional organi­
zational designs emphasize bureaucratic procedures, 
narrowly defined jobs, and tight supervision and elucidate 
exactly what individuals can or cannot do. Such manage­
ment methods send clear messages to employees that their 
judgment and creativity are not held in high esteem by the 
company. Flexible structures with little formalization send 
the opposite message. Lower-than-expected productivity, 
poor product or service quality, high levels of alienation, 
and the inability to introduce innovations were clear signs 
that traditional organizational designs were not working as 
well as intended. Management fmally recognized that even 
the most advanced technical systems required human di­
rection, maintenance, and improvement. This made the 
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goal of designing human variation out of organizations un­
attractive, and so the search for alternative organizational 
assumptions began. Since insufficient attention to the 
social or technical aspects of an organization and their 
interactions decreases productivity and affects employee 
morale, SST has as its goal the joint optimization of the 
social and technical systems. This goal is accomplished 
through sociotechnical system interventions. These are 
organizational development (OD) techniques typically in­
volving the restructuring of work methods, rearrangements 
of technology, or the redesign of organizational social 
structures. It is claimed that SST enhances the commit­
ment and energy of employees to the organization by-

1. Enriching the content of work, 
2. Establishing challenging goals, 
3. Emphasizing shared values, 
4. Flattening the organizational structure, 
5. Minimizing status differentials, 
6. Creating performance-based reward systems, 
7. Stressing continuous training, 
8. Involving employees in important decisions, 
9. Sharing business information, and 

10. Enhancing job security. 

Sociotechnica1 systems advocates claim that there is a 
need to design jobs that give employees control over the 
key (critical) variances (deviations from standard proce­
dures, plans, or normal routines of an organization's pro­
duction or service process). This has typically been ac­
complished by forming self-directing autonomous work 
groups that have major responsibility for task performance. 
However, sociotechnical systems analysis (SSA) can be 
applied at the individual level or group level, to any parts 
of the organization including managerial levels, or to the 
organization and its outside environment as a whole. At 
the same time, SST advocates claim that internal measures 
of success are insufficient predictors of organizational 
survival. The external environment is the ultimate judge 
of organizational design effectiveness. However, organi­
zations persist in ignoring or downplaying the very real 
threats to their continued existence posed by their envi­
ronments. Hence, advocates of SST claim that organiza­
tional effectiveness must be tested against external criteria. 
Figure 7 illustrates some of the essential points about the 
field of SSA. Advocates make the following claims: 

• SSA has been very successful when applied to the 
joint optimization of the social system (people) and the 
technical system (tools, techniques, and knowledge) of 
organizations usually by forming autonomous work groups 
and by OD, which uses a change agent or intervention. 

• Several experiments at mining companies in which 
team-building and OD, intervention were used resulted in 
improvements in productivity and safety and were main­
tained when follow-up studies were made. 
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• Soclotechnical systems analysis (SSA) began with a study of underground coal mining 
• Assumes advanced technical systems require 

Human direction 
Human maintenance 
Humans to make improvements 

• Goals of SSA 
Joint optimization of the social and technical systems 
Development of organizational ability to respond to external environmental changes 

(competition, markets) 
• SSA goal is achieved by interventions 

Uses organizational development techniques 
Restructures the work force 
Rearranges the technology 
Redesigns the organizational social structures 

• Motivates employees by 
Enriching the content of work 
Setting challenging goals 
Emphasizing shared values 
Flattening the organizational structure 
Minimizing status differentials 
Creating performance-based reward systems 
Stressing continuous training 
Communicating with employees, including feedback 
Involving employees In important decisions 
Sharing business information 
Enhancing job security 

• Sociotechnical systems (STS) questionnaire 
Used to determine the extent to which organizational design Is consistent with 

STS principles 
Contains six sections 

Innovativeness 
Human resource development 
Environmental agility 
Cooperation 
Commitment-energy 
Joint optimization 

• Most common STS methods 
Autonomous work groups 
Technical skill development 
Action groups 
Reward system changes 
Self-inspection of quality 
Technological change 
Nonrating teams 

• Effectiveness of STS methods at companies 
87% improvement in productivity 
89% decrease in costs 
81 % decrease in absenteeism 
65% decrease in turnover 
94% improvement in attitudes 
88% improvement in safety 
89% decrease in grievances 
97% improvement in product quality 

Figure 7.-5oclotechnlcal systems analysis (SSA) and achievement of social (people) and technical systems com­
patibility. 



TRAINING AND RETRAINING 

Everyone in a company, at all levels, is aware that 
training and skills are required for the vast majority of 
jobs in industrialized societies. Everyone is also cognizant 
of the fact that retraining is required for most of today's 
workers as more and more new technology is adopted, 
which leads to changes in present jobs, the elimination of 
existing jobs, and the creation of new jobs. Figure 8 lists 
key points regarding training and retraining for advanced 
technology. Publications indicate the following: 

• Maintenance personnel working with the new tech­
nologies must have skills of a high order to be able 
to diagnose and repair systems that consist of hydrau­
lic, pneumatic, electrical, electronic, and mechanical 
subsystems. 

• Formal schooling was found to be more crucial than 
vocational courses for fitting workers into technologically 
new work settings, since formal education provides verbal, 
scientific, and technological training that makes workers 
more adaptable to changes in the job and more able to 
meet increased job demands. 

• The adoption of advanced technology in coal mining 
means that retraining must become a normal feature of 
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working life, and both management and workers should be 
multiskilled. 

WORKER ACCEPTANCE 

The acceptance by the work force of new technology 
is a key to its safe and efficient utilization. But how can 
upper management ensure that the introduction of this 
technology does not result in disgruntled, perhaps re­
bellious, workers at one or more levels within the com­
pany? FIgUre 9 lists ways in which workers can be induced 
to accept in a positive way advanced technology. Publica­
tions claim the following: 

• Acceptance of new technology by workers can be 
enhanced by obtaining their commitment to planning goals 
at the feasibility stage. Management can involve workers 
in the planning process and communicate with them at 
each stage of the project. 

• Those companies that allowed human resource 
specialists to have a significant role in the introduction of 
new technology were generally successful in having the 
workers accept change, especially if these specialists were 
involved at the planning stage. 

• Training should be continuous for managers and technical personnel at all levels 
• Retraining is feasible and less expensive than terminating employees and hiring new ones 

if the work force is properly trained and motivated to begin with 
• Workers should have competence in 

Mathematics 
Science 
Reading 
Communicating 
Problem solving 

• Flexibility is required for workers in 
What they can do 
What they can be readily trained to do 
Being able to develop multiple skills 

• Emphasis in management training should be on 
How to successfully manage innovation 
How to use and determine the consequences to the company of new technology 
How to best utilize human resources 
How to motivate a highly skilled work force 
How to develop company loyalty among employees 

Figure 8.-Tralnlng and retraining for an advanced technology work force. 
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WORKER COMMUNICATION 

There is no doubt that workers want to know what is 
going on within their company especially as it affects their 
jobs. Most managers today try to communicate with their 
employees, but often the messages become garbled in their 
transmission through other layers of management, or they 
are misinterpreted by the workers. Hence, it is extremely 
important to utilize feedback from the employees to deter­
mine if they got the messages correct and to allow them to 
provide their opinions and viewpoints on the feasibility 
and/or utility of what they are being told to do. With the 
increasing sense of isolation and alienation that workers 
feel as advanced technology is introduced, top manage­
ment must stress their commitment to the workers and 
their interest in the workers' job satisfaction. Otherwise 
absenteeism and turnover (among the most competent 
workers) will increase and productivity will suffer. One 
way that top management can enhance morale is through 
communication accompanied by worker feedback that is 
acted upon. Publications claim the following: 

• Organizations should communicate with workers 
and give as full a picture as possible of the employment 
implications when new technology is introduced, since 
communication with the workers is an early indication by 
the organization that it is concerned over jobs and is a 
critical factor in developing a constructive working rela­
tionship between management and the work force. 

• Management should incorporate some feedback 
mechanism to monitor communication effectiveness when 
new technology is introduced, since there is usually a dis­
crepancy between what management is trying to communi­
cate to workers, what the workers receive, and how they 
interpret what they do receive. 

• Worker acceptance can be aided by 

WORKER DISPLACEMENT 

The loss of jobs due to the introduction of advanced 
technology is a serious problem for the employees af­
fected, the local economy, tax collection agencies, and 
society as a whole. Historically with the advent of the 
Industrial Revolution, many jobs were eliminated but even 
more jobs were created through the years. However, 
automation and robotics have significantly decreased the 
percentage of jobs that require manual labor, the large 
majority of new jobs are in the service-information­
knowledge industries, and the skill and educational re­
quirements are becoming ever higher even in manufac­
turing and mining. Also, the global economy is growing, 
with more and more countries producing various goods 
and services. The trend is for manufacturing to be done 
in countries with lower labor costs and less strict environ­
mental laws than those found in the industrialized coun­
tries. In addition, there is massive emigration of unskilled, 
untrained workers from the Third World into the FIrst 
World, a process that will only be accelerated because of 
population growth patterns. What all of this portends for 
the future job market and for worker displacement is not 
agreed upon by those who have analyzed employment 
trends. Publications indicate the views of these analysts at 
this time: 

• Worker displacement due to advanced technology 
will generally be among the unskilled and semiskilled, 
while there will be an increasing demand for engineers, 
computer scientists, technicians, mechanics, repairers, 
upper-level management, and technical sales and service 
personnel. 

• The use of advanced technology should lead to 
greater wealth and higher levels of employment in the long 

Obtaining employee commitment to planning goals at the feasibility stage 
Communicating with employees at each stage of the project and taking feedback 

seriously 
Having human resource specialists significantly involved at all stages of the project 
Having top management take an active role 
Convincing the work force that the new technology will benefit them 
Retraining as many employees as possible rather than replacing them 
Stressing that the new technology is required for the company to remain competitive 

Figure 9.-Worker acceptance of advanced technology. 



run, since the increased wealth can be used to create more 
jobs in the service industries. 

• A comparison of four stages of progressive and 
improved mechanization, automation, and remote control 
of underground continuous mining compared with the 
present system found that with each stage of increasing 
automation, productivity increased significantly even 
though the total number of employees also increased 
(additional employees being required in management and 
maintenance). 

WORKER INVOLVEMENT AND PARTICIPATION 

With the introduction of advanced technology and its 
attendant highly skilled and educated work force, many 
companies believe that employees at all levels should 
become more involved in the decisionmaking pertaining to 
their work, i.e., employees are encouraged to participate in 
deciding how the work is to be done and what changes can 
be implemented to make the system more productive and 
safe. Workers are no longer being viewed at these com­
panies as appendages to machines or as dull automatons 
to be told in minute detail exactly what to do and how to 
do it. The involvement of workers in all facets of their 
work not only unleashes the creativity of thes~ people but 
generally results in improved morale and a lessening of 
negative psychological consequences such as stress, bore­
dom, and alienation. Figure 10 presents some key points 
pertaining to worker involvement and participation when 
advanced technology is introduced. Publications expound 
upon the importance and beneficial consequences of 
worker involvement and participation in the following 
manner: 

• Implementation of new technology through worker 
involvement may be as important as the new technology 
itself. 
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• Studies on improved or increased participation by 
workers in management decisionmaking has generally 
focused on how to restructure the organization to allow 
employee participation, but more attention should be paid 
to the role of worker participation in improving commu­
nications within organizations and in improving the quality 
of information available for management decisions. 

• Managers should allow employees to participate in 
decisions, since a strong motivating factor is feeling one is 
part of a team. 

• Direct involvement of workers in the organization 
of their work needs ensures their acceptance of and 
commitment to new technologies and changes in work 
assignments. 

HUMAN FACTORS AND THE HUMAN· 
MACHINE INTERFACE 

The basic idea of a human-machine interface is quite 
simple. The interface is the boundary or place of inter­
action between a person and a machine or device. Exam­
ples from everyday life abound: turning a light switch on 
or off, driving an automobile, using a television channel 
changer, adjusting a thermostat for heating or cooling, etc. 
However, the mental or cognitive aspects of the operators 
who are involved with machines are generally overlooked, 
i.e., operators construct mental models that should be 
taken into consideration in the design of human-machine 
systems. The field that focuses on these mental models 
and processes is called cognitive systems engineering 
(CSE). Subfields of CSE are cognitive ergonomics and 
cognitive task analysis. The former has been chiefly 
applied to the design of equipment and systems in terms 
of human use (safely and productively), while the latter 
has been used primarily to develop training materials. The 
fundamental claims, principles, and applications of CSE 
are very important yet generally overlooked. rIgUle 11 

• Worker involvement is as important as the new technology itself 
• Less rigid forms of work organization are more productive than rigidly organized ones 
• Autonomous work groups have been shown to be highly productive at many companies 
• Workers should be involved in decisions at all stages, including planning 
• Worker participation in decision making improves 

Productivity 
Safety 
Communications 
Morale 

• Worker participation is the best assurance that new technology will be adopted quickly 
and used efficiently 

Figure 10.-Worker Involvement or participation when advanced technology Is adopted. 
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• Insufficient attention is paid to the human component of human-machine systems at many 
companies 

• Advanced technology emphasizes cognitive (mental) rather than physical tasks 
• The human-machine interface should be compatible with human cognitive characteristics 

or thought processes 
• All too often the human is forced to adapt to the machine rather than having the machine 

designed in terms of human abilities and limitations 
• Cognitive systems engineering 

Its goal is the achievement of an integrated relationship between humans and machines 
This goal can be accomplished by engineering the cognitive aspects of task 

performance into the human-machine system 
. Can be used to improve the efficiency of advanced technology 
Is based on the findings of cognitive psychology 
Analyzes thinking processes and develops mental models 
Uses an information processing approach 
Claims that a human-machine system needs to be conceived, designed, analyzed, and 

evaluated in terms of a cognitive system 
• New approaches are needed for work design and measurement 

The traditional time study techniques are inadequate 
The models used should be based on descriptions of human mental functions 

F1gur. 11.-Human factors and human-machine Interface. 

gives some highlights on the human-machine interface and 
cognitive or mental models. Details on CSE are given in 
the appendix. Publications mention the following: 

models of how the operator and machine function and 
interact. 

• Human-machine systems should be conceived, de­
signed, analyzed, and evaluated in terms of human mental 
processes (an operator mental model that describes the 
operations and functions of the system), since the nature 
of tasks has shifted from (and will do so even more in the 
future) those that require perceptual-motor skills to 
cognitive activities of problem solving and decisionmaking 
in monitoring and supervisory tasks. 

• Improvements in productivity can be realized if CSE, 
which applies the techniques and knowledge of cognitive 
psychology to the design of human-machine systems, is 
used to develop mental models of how operators deal with 
input information instead of relying strictly on physical 

CONCLUSIONS 

There are four major conclusions based on the results 
of the interviews with mining personnel and the literature 
searches upon which this report is based: 

1. Human factors is of extreme importance when 
advanced technology is adopted and implemented by a 
company; 

2. Managers in general are aware of the importance of 
the human aspects when automation and robotics are 
introduced but all too often fail to develop and put into 

effect a well-thougbt-out plan to deal with the human 
consequences of and responses to this technology; 

3. Manufacturing (a much larger and more diverse 
industry than mining) has spent and continues to spend 
much time and effort on understanding and ameliorating 
the human reactions to and ramifications of new tech­
nology than does the mining industry; and 

4. As more and more automation is introduced, the 
mining industry can learn from and apply the experience 
obtained by manufacturers in adopting and using advanced 
technology. 
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APPENDIX-ANNOTATED BIBLIOGRAPHY 

Summaries of relevant information from the various 
publications listed in the references are given in detail in 
this appendix under the same categories used in the main 
text. Quantitative data and its analysis are seldom found 
in the literature on advanced technology and human fac­
tors, the studies being in general of a qualitative nature. 

IMPORTANCE OF HUMAN FACTORS 
FOR ADVANCED TECHNOLOGY 

L Brennan, L The Influence of New Technology on 
the Allocation of Functions Decision. Paper in Proceed­
ings of the 1st International Conference on Human Fac· 
tors in Manufacturing (London, UK, Apr. 3·5, 1984). IFS 
Publications Ltd., 1984, pp. 79·86. 

Brennan considered the influence of new technology on 
the allocation of functions between the operator and the 
machine and the effects of the increasingly rapid changes 
in technology on conventional approaches to this problem. 
The area he investigated was computer-integrated manu­
facturing (ClM) systems. He said that there is a growing 
imbalance between the technical and social aspects of 
production systems. According to Brennan, the consid­
eration of human attitudes and needs and the role of 
people in new technology adoption and implementation is 
insufficient and too late to ensure efficient utilization of 
this technology. Critical decisions are made by systems 
specialists seeking a technical "best" in conjunction with 
departmental managers with restricted views of staffmg 
requirements. Those involved in the development of ad­
vanced technological systems see the process as exclusively 
one of substitution or replacement of human inputs. They 
should consider the process as one that seeks to increase 
human satisfaction by allowing enhancement of the human 
contribution. Instead, engineers and designers attempt to 
suppress the abilities of workers rather than making the 
technology a tool of the worker. Overlooked is the im· 
portance of the human factors specialist being involved at 
all stages from very early planning through design and 
fabrication to operational use of the system. Human fac­
tors experts should also aid in the application of job en­
richment, job rotation, job enlargement, and autonomous 
work groups (in which workers are given responsibility for 
many decisions affecting their work) as a means of better 
using human abilities in the workplace. 

2. Goodridge, J. M. Employee Relations and New 
Technology Systems. Paper in Proceedings of the lst 
International Conference on Human Factors in Manu· 
facturing (London, UK, Apr. 3·5, 1984). IFS Publications 
Ltd., 1984, pp. 227·240. 

Goodridge pedormed a survey of companies introduc­
ing new technologies and found that the human factor 
aspects were being ignored by most of them. For ex­
ample, 89% had made or were making provisions for tech· 
nical training, but only 28% had or were going to have 
training on how the technology would impact the organiza­
tion and its employees. Human factors and employee 
relations must be fully integrated into the process of 
adopting and implementing new technology. Consultation 
and information disclosure to and communication with 
workers are required. 

3. McArthur, D. W. What Good Is Technology If 
You Are Faced With Disenchanted Employees? The or· 
fice, v. 10, No.1, Jan. 1985, p. 128. 

McArthur claimed that new technology is of little bene­
fit to a company if it is faced with disgruntled employees. 
The human factor must be taken into account by com­
panies when introducing new technology. Motivated, well­
trained people can make a success of even the most mini­
mal automation, while angry, disgruntled people can and 
will undermine the best that technology has to offer. One 
way of stressing the human element is to allow workers to 
participate in decisions. 

4. Meredith, J. R. Managing Factory Automation 
Projects. J. Manuf. Syst., v. 6, No.2, 1987, pp. 75·91. 

Meredith discussed the major project management 
concepts and techniques used in a number of industrial 
automation projects to achieve the benefits of automated 
systems within reasonable time and cost limitations. He 
found that human factors is consistently identified as the 
biggest problem in implementing automation. People do 
not like to change and can resist automation to the point 
that its benefits are not realized. 

5. Ebel, K.·H. Social and Labour implications of 
Flexible Manufacturing Systems. Int. Labour Rev. (Swit· 
zerland), v. 124, No.2, Mar./Apr.1985, pp. 133·145. 

Ebel discussed the social and employee implications 
of flexible manufacturing systems (FMS's). He claimed 
that it is very important to design systems that consider 
worker preferences and characteristics by using ergonomic 
principles. Human factors should not be considered as an 
afterthought, since once a new technology is installed it is 
difficult and costly to adapt it. In fact, human factors are 
every bit as important as the technical aspects, if not more 
so, because they may well determine the economic effi­
ciency and success of the new systems. Worker acceptance 
of the new technology is critical. 
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6. Greatrex, M. D. Human Implications or Techno· 
logical Change. Ch. in Ergonomics or Hybrid Automa· 
tion Systems I, ed. by W. Karwowski, H. R. Parsaei, and 
M. R. Wilhelm. Elsevier, 1988, pp. 61-70. 

Greatrex investigated the human implications of tech· 
nological change. He contended that the effects on hu· 
mans arising from the introduction of new technology are 
frequently overlooked, often leading to unsatisfactory 
utilization of both systems and personnel. The human fac­
tor is always present as is the potential for human error 
and inadequate performance, but their adverse conse­
quences can be reduced through an improved awareness 
and development of human abilities. 

7. Salvendy, G. Human Factors in Planning Robotic 
Systems. Ch. in Handbook or Industrial Robotics, ed. by 
S. Nor. Wiley, 1985, pp. 639-664. 

Salvendy discussed the nature and characteristics of 
the human factors that impact effective planning, design, 
control, and operation of industrial automated and/or 
robotic systems. These systems must be economically vi, 
able, and humanly acceptable, and they must result in 
increased productivity and quality of working life. Social, 
safety, human performance, and motivational issues must 
receive due consideration at all stages of development of 
these systems. For example, a number of human perform­
ance capabilities impact the effective design and operation 
of advanced technology: design of controls, human varia­
bility in work performance, information processing capa­
bilities, task pacing, and job satisfaction. 

8. Haynes, M. J. New Mining Technology and Its 
Expected Influence on Health and Safety in Mining in the 
1990s. Min. Eng. (London), v. 150, No. 348, Sept. 1990, 
pp.91.98. 

Haynes examined the safety record of the U.K. under­
ground coal mining industry in the 20th century and iden­
tified some of the major trends that have led to a decrease 
in the number of fatal accidents. The author claimed that 
if a fatality-free year 2000 is to be realized in underground 
coal mining, then new technology must be adopted and 
human error must be controlled. This is because human 
factors will remain critical in all mining situations, and it 
is technically feasible to eventually eliminate most dangers 
stemming from humans performing underground tasks. 

9. Beckert, B. A., B. Knill, P. Pascarella, and 
G. Weimer. Integrated Manufacturing: The Shape of 
Work to Come. Comput. Aided Eng., v. 8, No.4, Apr. 
1989, pp. IM·2, 4, 7, 8, 10, 12, 16, 18, 20. 

Beckert, Knill, Pascarella, and Weimer investigated the 
changes in work to be expected in manufacturing as tech­
nology continues to advance and quoted a number of ex­
ecutives. They believe that it may be more important to 

study the human factor, especially as it relates to man­
agement, than the technology itself. The reason for this is 
that there is a breakdown between the people who design, 
the people who manage, and the people who implement 
the new technology. 

10. Hirsch·Kreinsen, H., and R. Schultz·WiId. Imple· 
mentation Processes of New Technologies-Management 
Objectives and Interests. Automatica, v. 26, No.2, Mar. 
1990, pp. 429-433. 

Hirsch-Kreinsen and Schultz-Wild reviewed several 
studies, some conducted worldwide. and documented the 
lack of initial consideration of human needs and con­
sequences when advanced manufacturing technology is 
installed. Planning concepts are required that enable an 
interaction and integration of the technological and the 
human factors, e.g., job design and work reorganization. 

11. Rahimi, M., P. A. Hancock, and A. Majchrzak. 
On Managing the Human Factors Engineering of Hybrid 
Production Systems. IEEE Trans. Eng. Manage., v. 35, 
No.4, Nov. 1988, pp.238-249. 

Rahim~ Hancock, and Majchrzak discussed human 
factors engineering and hybrid production systems. They 
contended that human activities in hybrid automated 
manufacturing systems are critical in achieving productivity 
gains. However, optimal human factors engineering is 
possible only when engineers and managers are aware of 
the challenges created by hybrid systems and of the range 
of options available for meeting these challenges. Even in 
the most automated systems, the human role remains 
critical to the accomplishment of operational goals. 
Equally important, however. is the interaction between the 
human and machine components of the system. 

12. Ammons, J. C., T. Govindaraj, and C. M. Mitchell. 
Decision Models for Aiding FMS Scheduling and Control. 
IEEE Trans. Syst., Man, and Cybem., v.18, No.5, Sept.. 
Oct. 1988, pp. 744-756. 

Ammons, Govindaraj, and Mitchell gave an overview of 
decision models for aiding flexible manufacturing systems 
(FMS's) and control. Current research has focused on 
computers to perform automated control and routing activ­
ities. Human factors is not considered sufficiently even 
though humans are required to supervise the automation, 
monitor system flow and outputs, and intervene to diag­
nose and either correct or compensate for unanticipated 
events. An "optimal" real-time scheduling system effec­
tively combines computer scheduling algorithms and arti­
ficial intelligence techniques with the versatile capabilities 
of the human supervisor. 

13. Kumar, U. Human Reliability and Its Impact on 
Mechanized and Automated Mining Operations. Paper 



in Proceedings of the International Symposium on Mine 
Mechanization and Automation: Volume II, ed. by L. 
Ozdemir, R. King, and K. Hanna (Denver, CO, June 10-
13,1991). CO Sch. Mines, 1991, pp. 16-1 to 16-8. 

Kumar attempted to define and discuss the human as 
a aitical element in mechanized and automated mining 
operations. The current trend toward mine mechanization 
and automation is altering the nature of human involve­
ment at various levels of operation in mines. However, 
even with high levels of automation, humans are needed to 
monitor, supervise, and execute mining operations. In fact, 
the human factor is more important than ever as mining 
technology advances, since the consequences of a human 
error (e.g., incorrect reading of a display, a minor lapse of 
memory, failure to notice a warning signal, misunder­
standing of instructions) are much more severe in an auto­
mated operation than in a conventional operation. For 
example, the contribution of human error to accidents and 
breakdowns of equipment can be as high as 65% to 70%. 

14. Sage, L., and B. Fox. Human Integrated Manu­
facturing. CIM Rev., v. 6, No.3, Spring 1990, pp. 41-44. 

Sage and Fox state that Japanese manufacturers stress 
two aitical success factors for automated systems: optimal 
systems performance and the integration of human factors 
into the manufacturing process. Japanese manufacturers 
automate for function and attack the nonphysical entities 
of integration, while U.S. manufacturers automate for cost 
and attack the physical entities of integration. To compete 
in global markets, U.S. manufacturers must follow the lead 
of Japanese competitors and include human factors when 
they introduce advanced technology. Without workers' 
pride, commitment, and positive attitude, even state-of-the­
art manufacturing technology cannot make products 
competitive. 

15. Symon, G. Human-Centered Computer Integrated 
Manufacturing. Comput. Integrated Manuf. Syst., v. 3, 
No.4, Nov. 1990, pp. 223-229. 

Symon advocated. the human-centered approach for 
computer-integrated manufacturing (CIM). This approach 
to the design and implementation of new technology dif­
fers from the technology-centered approach in a funda­
mental way: The human role in the system is regarded as 
crucial to its effective operation rather than a drawback 
and potential source of error. One of CIM's principles is 
that people should not be subordinated to machines, i.e., 
human skill, ingenuity, flexibility, creativity, and knowledge 
should be appreciated and enhanced (rather than sup­
pressed) in the technological system. CIM's advantages 
are that the system will be usable more quickly, users will 
want to use it, and it will remain productive longer. 
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16. Majchrzak, A. The Human Infrastructure Impact 
Statement (HIlS): A Tool for Managing the Effective 
Implementation of Advanced Manufacturing Technology. 
Comput. Integrated Manuf. S15t., v. 1, No.2, May 1988, 
pp.95-102. 

Majchrzak indicated that studies and research on how 
advanced manufacturing technologies have been managed 
in factories have found that planning for human systems as 
an essential component of new technology is generally 
done after the fact. It is only after technical choices have 
been solidified that the impacts on humans and the orga­
nization have been considered. Even then, consideration 
of human factors is often handled only when problems 
arise such as high accident rates. However, problems 
occur when planning for the human factor is delayed until 
after equipment arrives or even longer. Unfortunately, 
there have been few tools to help those designing ad­
vanced technology in systematically and completely inte­
grating the human factor into the technical planning. 
Majchrzak advocates the human infrastructure impact 
statement (HilS) as a tool to rectify this deficiency. The 
HIlS is discussed in detail in a subsequent section of this 
appendix. 

BARRIERS TO ADOPTION 

1. Office of Technology Assessment (Washington, DC). 
Computerized Manufacturing Automation: Employment, 
Education, and the Workplace. U.s. GPO 84-601053, 
1984, 471 pp. 

The Office of Technology Assessment stated that hu­
man factors problems such as the ease of use slow the rate 
of adoption of programmable automation (PA) technol­
ogies. Other factors that affect the adoption of advanced 
technology include the availability of capital, a lack of 
know-how or expertise within the company, organizational 
resistance to change, and the availability of appropriate 
education and training programs. 

2. Flynn, P. M. The Impact of Technological Change 
on Jobs and Workers. Bentley Coli., Waltham, MA, Final 
Rep., Mar. 1985, 104 pp.; NTIS PB 85-218022. 

According to Flynn, who analyzed 197 case studies of 
U.S. and European fmns, small firms have the barriers to 
adoption listed in the previous reference and more. For 
instance, small fmns cannot compete with large firms in 
terms of wages and fringe benefits in the hiring and 
retaining of skilled workers, who are in short supply in 
the new technologies. Also, the relatively low levels of 
production in small fmns often result in underutilization 
of advanced technology. 
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3. OueUette, R. P., L W. Thomas, E. C. Mangold, and 
P. N. CheremisinoiJ'. Automation Impacts on Industry. 
Ann Arbor Sci., 1983, 186 pp. 

Ouellette, Thomas, Mangold, and Cheremisinoff 
claimed that the availability of trained personnel who can 
program and operate computer systems is the greatest 
factor determining the use of automation. This problem 
should lessen as more persons are trained to perform 
these functions and as manufacturers of automation equip­
ment develop systems that are easier to operate with 
factory-level skills by using more interactive languages and 
improved displays and controls. However, continuing bar­
riers to the adoption of new technology are traditional 
lines of management and traditional company organiza­
tions that have difficulty in accepting the disruption of 
established patterns that accompany the introduction of 
~dvanced technology. 

4. Goodridge, J. M. Employee Relations and New 
Technology Systems. Paper in Proceedings of the 1st In­
ternational Conference on Human Factors in Manufac­
turing (London, UK, Apr. 3-5, 1984). IFS Publications 
Ltd., 1984, pp.227-240. 

Goodridge contended that the main source of resistance 
to the introduction of new technology is "ignorant and 
backward management" that opposes change and does not 
understand the need for new technology to compete. In 
addition, there are many individuals within the company 
who are affected by fear-fear of redundancy; fear of de­
skilling (the redesigned job will require less skill); and fear 
of losing position, status, influence, and career progression. 

s. Beatty, C. A., and J. R. M. Gordon. Barriers to the 
Implementation of CAD/CAM Systems. Sloan Manage. 
Rev., Summer 1988, pp. 25-33. 

Beatty and Gordon said that there are human barriers 
or psychological factors that arise in most periods of 
change when outcomes are uncertain and possibly detri­
mental to employees. It is in the self-interest of some 
groups within a company to resist the introduction of new 
technology, or if they do not succeed in that, to ensure its 
failure. 

6. Meredith, J. R. Implementing the Automated Fac­
tory. J. Manuf. Syst., v. 6, No.1, 1987, pp. 1-13. 

Meredith found that the adoption rates of new tech­
nologies lag far behind what even the most prudent levels 
of cautious investment dictate. The reasons for this oc­
currence were insufficient internal skills; the difficulty of 
implementing computerized systems; the multiplicity of 
apparent implementation paths; the importance of adopt­
ing one technology or system at an early stage, which 
either limits or enhances options and benefits at a later 
stage; the need for incremental skill building; and the 

necessity to have an infrastructure of supporting systems, 
policies, and procedures. For adoption, a champion or 
project sponsor must be found at the early planning stage. 
Meredith concludes that "it is now well recognized that the 
adoption and implementation of advanced manufacturing 
technologies is not a technical problem but a managerial 
problem." 

7. Chamot, D. Human Aspects of Automation: A 
Union Perspective. SME Tech. Pap. MM84-638, 1984, 
8 pp. 

Chamot affirms the last statement of Meredith above by 
saying that the real center of opposition to technological 
change is not workers or unions but generally middle 
management. 

8. Kassler, M. Robots and Mining: The Implications 
for Australian Industry in the 1980's. Paper in Proceed­
ings of the National Conference on Robotics (Melbourne, 
Australia, Aug. 1984). Inst. Eng., Australia, 1984, pp.13-
19. 

9. __ • Mining, Robots in. Entry in International 
Encyclopedia of Robotics: Applications and Automation, 
ed. by R. C. DorC and S. Nof. Wdey, 1985, pp. 897-902. 

Kassler investigated advanced technology in mining over 
the next 10 to 20 years. He believes that it generally takes 
a long time for advanced technology to penetrate the 
mining industry. The major barrier to the adoption of 
new technology in mining is that mining company manage­
ment in general is conservative and waits until the new 
technology has been proven to be cost effective and pro­
ductive at other mining companies or in other industries 
before adopting it at their company. Other reasons are as 
follows: The environmental conditions of underground 
mines are harsh, complex equipment requires many highly 
paid maintenance people who are unoccupied much of the 
time, persons with the requisite maintenance skills are 
in short supply and are not usually attracted to mining or 
are not amenable to living in a mining community, and 
advanced equipment is very expensive and can be quite 
costly to repair. 

JOB DESIGN AND REDESIGN 

1. Edwards, J. R. Stress, Coping and Worker WeU­
Being in Computer-Aided Manufacturing: A Field Inves­
tigation of a CNC Machine Shop. Paper in Ergonomics 
of Hybrid Automated Systems I, ed. by W. Karwowski, 
H. R. Parsaei, and M. R. Wilhelm. Elsevier, 1988, 
pp. 101-108. 

Edwards showed that designing jobs to reduce worker 
stress also can improve productivity. Management should 
design work to facilitate the coping efforts of workers. 
Examples given for maintenance tasks were providing time 



and resources for both preventive maintenance and 
repairs, allowing breaks during prolonged repair jobs, 
encouraging group work when repairs require multiple 
skills, and providing adequate training for workers. 

2. Smith, M. J., and P. C. Sainfort. A Balance Theory 
of Job Design for Stress Reduction. Int. J. Ind. Er­
gonom., Apr. 1989, pp. 67-79. 

Smith and Sainfort indicated that in 1911 Taylor pro­
posed that jobs be redesigned using methods that de­
compose tasks into small elements that are easy to meas­
ure. Gantt invented the Gantt chart in 1919, retaining 
Taylor's assumption that workers are motivated basically 
by money. Even today, job designers generally attempt to 
minimize immediate costs by minimizing skills and de­
emphasizing job satisfaction in job design. The Human 
Relations Movement led to the development of concepts 
of job design that claim that once the basic safety and 
physical comfort needs of workers are met, higher order 
ego needs of workers must be considered in order for 
them to be motivated and satisfied with their jobs. The 
important job considerations that should be part of the job 
design and that provide worker satisfaction and well-being 
are (1) control over the work situation, working methods, 
and pace, (2) understanding of the work process as a 
whole, (3) technical and social skill use and develop-ment, 
(4) possibility for social interaction, and (5) a work 
schedule that allows for extraorganizational activities. 
Many of today's top job designers believe that worker 
participation, enhanced task content through job enlarge­
ment and job enrichment, and group decisionmaking are 
cures for job stress, even though these factors were in­
voked to improve worker performance and job satisfaction. 

3. Chamot, D. Human Aspects of Automation: A 
Union Perspective. SME Tech. Pap. MM84-638, 1984, 
8 pp. 

Chamot said that people are not machines and thus 
should not be treated as machines. Proper job design 
should result in a job that offers some challenge and 
variety, is not accompanied by job pacing and stress, and 
allows the worker reasonable autonomy. For example, in 
Sweden factory jobs are designed to allow as much deci­
sionmaking as possible to be done by the worker on the 
floor of the shop. Management and unions there have 
developed production criteria that permit small inde­
pendent production units, the untying of workers from 
machine pacing, jobs with more personal involvement, and 
reliable and fast production systems. 

4. Salvendy, G. Human Factors in Planning Robotic 
Systems. Ch. in Handbook of Industrial Robotics, ed. by 
S. Nor. Wiley, 1985, pp. 639-664. 
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Salvendy said evidence pertaining to job design indicates 
that 45% of the labor force prefers simplified jobs, 45% 
prefers enriched jobs, and 10% does not like work of any 
type. It is typically the older worker who prefers sim­
plified jobs, whereas younger workers prefer enriched jobs. 
These findings make the design or redesign of jobs in 
a mixed work force difficult when new technology is 
introduced. 

5. Hirsch-Kreinsen, H., and R. Schultz-Wild. Imple­
mentation Processes of New Technologies-Management 
Objectives and Interests. Automatica, v.26, No.2, Mar. 
1990, pp. 429-433. 

Hirsch-Kreinsen and Schultz-WIld stated that in order 
for advanced technology to be used productively the 
following basic job design criteria must be considered: (1) 
Hierarchical and functional division of labor should be 
reduced to a minimum, (2) the differentiation between 
relatively complex tasks on the one hand and relatively 
monotonous and difficult tasks on the other hand should 
not be permitted, and (3) technology adopted should allow 
skilled operators easy access to planning, programming, 
and control functions and use of their skills, experience, 
and tacit knowledge. 

6. Schilling, A., H. Schuepbach, and E. Ulich. Socio­
technical Design of Advanced Manufacturing Systems. 
Ch. in Ergonomics of Hybrid Automated Systems I, ed. 
by W. Karwowski, H. R. Parsaei, and M. R. Wilhelm. 
Elsevier, 1988, pp. 71-77. 

Schilling, Schuepbach, and Ulich claimed that to main­
tain and promote motivation and skills when advanced 
technology is adopted, the following features of job design 
and redesign must be considered: (1) Completeness-the 
operator should be able to check his or her results and to 
supervise the monitoring system, (2) variety-manual and 
automated work activities should be decoupled to allow for 
the possibility of task expansion and job rotation, (3) 
interaction-interrelations with others should be possible 
so that mutual support and communication can occur, (4) 
chances for learning-opportunity to experiment in new 
ways should be present, and (5) autonomy-the operator 
should have decision latitude in assessing malfunction and 
its elimination. 

7. Volpert, W., W. Kotter, H. E. Gohde, and W. G. 
Weber. Psychological Evaluation and Design of Work 
Tasks: Two Examples. Ergonomics, v. 32, No.7, July 
1989, pp. 881-890. 

Volpert, Kotter, Gohde, and Weber said jobs should be 
designed based on the fact that work activities are sup­
portive to learning and personal development when there 
are sufficient demands as well as chances for personal 
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decisionmaking and action. The structuring of work tasks 
and the conceptualization of human-machine interactions 
should allow for personality-promoting schemes of action. 
However, when work is redesigned with the adoption of 
advanced technology, there is a risk that severe, inhumane 
working conditions will result. To avoid this problem, a 
method of job or work redesign should be employed that 
is aimed at tasks and conditions that are conducive to 
human development, i.e., focused on human-oriented job 
design. 

ORGANIZATIONAL STRUCTURE 
AND MANAGEMENT PRACTICES 

1. omce of Technology Assessment (Washington, 
DC). Computerized Manufacturing Automation: Em­
ployment, Education, and the Workplace. U.s. GPO 84-
601053, 1984, 471 pp. 

The Office of Technology Assessment stated that the 
advantages of programmable automation (PA) for man­
agement are its ability to facilitate information flow, 
coordinate factory operations, and increase efficiency and 
flCX10ility. In addition, the new technologies can increase 
management's control over operations, which can decrease 
problems stemming from human error. However, an 
excess of management control can decrease opportunities 
for constructive worker input and degrade the work 
environment. 

2. ~, R. U., and S. M. Miller. Exploratory As­
sessment of Second Generation Robotics and Sensor­
Based Systems (NSF contract PRA83(2137). Carnegie­
Mellon UnlV., Pittsburgh, PA). Final Rep., Sept. 1984, 
287 ppoj NTIS PB 85-132793. 

Ayres and Miller quote a response to their papers on 
second-generation robotics and advanced sensor-based 
systems: "I think the question is whether we construct 
organizations that distribute responsibility and the exercise 
of creativity fairly evenly, or whether we construct tightly 
controlled organizations. U.S. management believes in 
substituting external control for motivation. In Japan plant 
managers report directly to the CEO without elaborate 
intervening staff and control structures. Subordinates are 
told what is expected and then will be left to carry it out." 

3. Business Higher Education Forum (Washington, 
DC). The New Manufacturing: America's Race To Auto­
mate. Final Rep., June 1984, 42 pp. 

The Business Higher Education Forum mentioned 
several factors that managers must consider as automation 
in manufacturing increases. Management will have to 
rethink the roles of humans and machines in the orga­
nization and the relationships between them. The de­
crease in the number of people in the manufacturing 

workplace (office and factory floor) will mean each em­
ployee will be extremely critical. Organizationally, there 
will be fewer people between the production process and 
vice presidents of manufacturing, i.e., fewer hierarchical 
levels than without automation. Managers in every func­
tion, from marketing to accounting, must become more 
knowledgeable about the basic production process and its 
technology. 

4. Beaty, R. T. Evolution Towards Antomation. Paper 
in Proceedings of the lst International Conference on 
Human Facton in Manut'ac:turing (London, UK, Apr.3-S, 
1984). IFS Publications Ltd., 1984, pp. 29-39. 

Beaty contended that those employees working for 
companies where automation is involved are more highly 
educated than previous workers and expect management 
to provide satisfying and challenging jobs. Also, man­
agement should realize that an evolutionary rather than a 
revolutionary approach to automation will provide clivi- . 
dends in the long run. Fmally, management must consider 
the system as an integrated whole, since a delay anywhere 
will make automation ineffective. 

S. Brennan, L The Inftuence of New Technol. on 
the Allocation of Function Decision. Paper in Proceed­
ings of the lst International Conference on Human Fac­
ton in Manufacturing (London, UK, Apr. 3-S, 1984). IFS 
Publications Ltd., 1984, pp. 79-86. 

Brennan claimed that management should be aware 
that more than one option exists in the development of 
technology and associated systems. It is inefficient to 
consider a technology as given and to observe the effects 
that follow from it. Alternative patterns of development 
are possible, and these are reflective of organizational 
policies and procedures. Such policies and procedures are 
in turn a product of the attitudes and motivations of 
managers, engineers, and system designers. 

6. Tynan, O. People Are Assets. Paper in Proceed­
ings of the lst International Conference on Human Fa«:­
ton in Manufacturing (London, UK, Apr. 3-S, 1984). IFS 
Publications Ltd., 1984, pp. 119-126. 

Tynan said there are two ways in which managers can 
regard people: as objects and as agents. In the former, 
the worker is viewed as an extension of his or her machine 
and thus as a dispensable spare part. Workers work, and 
managers do the thinking In the latter, the machine is 
regarded as complementing the worker by extending the 
effects of his or her skills while the worker is viewed as a 
unique resource to be developed. The management meth­
odology to be utilized, especially when new technology is 
introduced, is the latter if the potential gains of this 
technology are to be realized. In addition, since people 
have a wide range of talents that they will use if work 



structures are right, managers should listen to the ideas of 
everyone to improve the work itself, the work environ­
ment, and the company. 

7. Amram, F. M. Designing a Social Environment for 
Human·Robot Cooperation. Paper in Proceedings of 
the 1st International Conference on Human Factors in 
Manufacturing (London, UK, Apr. 3·5, 1984). IFS Pub­
"cations Ltd., 1984, pp. 127-135. 

Amram stated that in introducing new technology the 
organization should develop some feedback mechanism 
between management and workers. Often there is a vast 
discrepancy between what managers try to communicate to 
workers and what the workers actually receive. Managers 
should have a clear understanding of human responses to 
technological changes, i.e., a clear vision in contrast to 
traditional industrial relations cliches. 

8. Goodridge, J. M. Employee Relations and New 
Technology Systems. Paper in Proceedings of the 1st 
International Conference on Human Factors in Manu· 
facturing (London, UK, Apr. 3·5, 1984). IFS Publications 
Ltd., 1984, pp. 227·240. 

Goodridge argued that rarely is the organizational 
structure considered at the design and planning stage when 
new technology is to be introduced. An organization 
should examine its capacity to effect and manage change, 
including having the proper managerial, sales, technical, 
and worker personnel. Owing to the importance of ef­
fective interaction between people, new technology dictates 
that managers must possess a wide range of interpersonal 
skills at a high level as well as an understanding of this 
technology. In fact, many managers find the management 
of the human aspects of change more demanding than the 
technical aspects. 

9. Oliver, M. V. L The Management and Training 
Implications of Innovation and Change Due to Advanced 
Manufacturing Technologies. Paper in Proceedings of 
the 1st International Conference on Human Factors in 
Manufacturing (London, UK, Apr. 3·5,1984). IFS Pub· 
IiQtions Ltd., 1984, pp. 249-258. 

Oliver attempted to enlighten top management on how 
to manage technological innovation and change in manu­
facturing. The technology of people is a very different 
concept from the technology of manufacturing, but few 
managers take people-technology seriously. Top man­
agement of those companies that have been most success­
ful in applying advanced technology place as much em­
phasis on their people and team development as they do 
on their technology. Too often managers ask, What can 
the equipment do? rather than the basic question, What 
does our business really need? Perhaps all it needs is to 
improve scheduling, inventory control, and/or information 
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processing. Perhaps advanced technology is not the an­
swer. Much of the change in manufacturing today is being 
technologically driven, but successful change must be man­
agement driven, by managers who understand the process 
of change. 

10. Weir, D. T. H. Organizational Stress and the 
Introduction of New Technology. Paper in Proceedinp of 
the 1st International Conference on Human Factors in 
Manufacturing (London, UK, Apr. 3·5,1984). IFS Pub­
lications Ltd., 1984, pp. 361·373. 

Weir emphasized managerial strategies available for 
introduction of a major organizational change when ad­
vanced technology is adopted. Successful programs are 
those in which management (1) recognizes the importance 
of job security, (2) incorporates known and predictable 
ways of working the new technology into the new orga­
nizational structure, (3) uses work groups as the basis for 
presentation of what is planned to be done, (4) ensures 
that the pace of implementation is not hurried, (5) main­
tains a balance between programmed and unprogrammed 
activities, (6) respects the natural orderings of groups and 
structures, (7) allows feedback and responds to the feed­
back, and (8) presents a positive picture to the employees 
as to the future of the firm. 

11. Preece, D. A. The Management of the Adoption 
and Introduction of New Technology. Paper in Proceed· 
ings of the 2nd International Conference on Human 
Factors in Manufacturing (Stuttgart, West Germany, 
June 11·13, 1985). IFS Publications Ltd., 1985, pp. 353· 
361. 

Preece stated that the managerial strategies that should 
be used when introducing new technology into the work­
place are as follows: using a low-key approach and work­
ing through employee representatives, linking the new 
technology skills with the skills-acquisition procedures 
of the company, and accommodating wages within the 
grading structure. The managerial style should emphasize 
managers being trainers and facilitators rather than 
controllers. 

12. Chiaromonte, F. Management and New Tech· 
nologies. Paper in Proceedings of the 2nd Internation· 
al Conference on Human Factors in Manufacturing 
(Stuttgart, West Germany, June 11·13, 1985). IFS Pub­
lications Ltd., 1985, pp. 363·370. 

Chiaromonte believed it is a serious shortcoming of 
industrialized societies that the interaction between man­
agement and new technologies has not been studied to any 
degree. To be successful, the management of innovation 
requires an innovative environment in which management, 
particularly top management, ensures that fmancially, or­
ganizationally, and culturally there are sufficient resources 
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to stimulate and support innovation. It is also becoming 
increasingly evident that technological innovation depends 
on a network of interacting managerial roles, each one 
contributing its specific knowledge and skills. 

13. Majchrzak, A., and M. Rahimi. Differential Orga­
nizational Impacts of the Transition From Stand-Alone 
to Integrated Flexible Production. Ch. in Ergonomics 
of Hybrid Automated Systems I, ed. by W. Karwowski, 
H. R. Parsaei, and M. R. Wilhelm. Elsevier, 1988, 
pp. 153-159. 

Majchrzak and Rahimi reviewed studies of the human 
and organizational impacts of advanced manufacturing 
technology (AMT). There is a need to teach problem­
solving skills to operators and to maintenance personnel 
and to provide the latter with the proper tools for repair. 
The organization becomes more dependent on the non­
managerial worker as new technology is used. This creates 
tensions between workers and managers or supervisors and 
requires a more flexible application of work rules. Man­
agement should consider a gradual introduction of auto­
mation, which if successful helps foster a confident attitude 
among the work force about future automation efforts. 
This gradual approach also provides management with 
useful knowledge about how to handle resistance to 
change. 

14. Hagedorn, H. J. The Factory ofthe Future: What 
About the People? J. Bus. Strategy, Y. 5, No.1, 1984, 
pp.38-45. 

Hagedorn said that organizations will have to do a 
prodigious amount of planning, troubleshooting, and antic­
ipatory problem solving by teams of people when automa­
tion is to be introduced. The table of organization will be 
much narrower at the bottom, and there will be fewer 
levels of management. Each manager or supervisor will 
have much more authority in his or her realm. The orga­
nization will function more like an informal grouping of 
colleagues and less like a bureaucratic, hierarchical army. 
Small groups, which are almost always easier to motivate 
than larger groups with similar characteristics, will be the 
norm. 

15. Coates, V. T. The Potential Impacts of Robotics. 
ASME, Tech. Pap. 83-WA/TS-9, 1983, 3 pp. 

Coates discussed a User-Institution Model. It is based 
on the fact that any institution or company undergoes a 
cycle of change as innovative technology becomes avail­
able. First the institution adopts the new technology to 
accomplish existing functions more efficiently. Then the 
institution changes internally to take better advantage of 
the technologys efficiencies. Following this, it develops 
new functions and activities made possible by the addi­
tional capabilities of the new technology. F'mally, the 

institution may become obsolete or be replaced if it does 
not adopt the new technology or be radically transformed 
if it does adopt the new technology. 

16. McCarthy, P. J. Overview of New Technology and 
Its Introduction to the Australian Coal Industry. Paper 
in Proceedings of a Seminar on Factors InDuencing 
Underground Productivity (Sydney, Australia, Aug. 21, 
1987), pp.292-307. 

McCarthy discussed human relations, motivational 
aspects, and organizational and management issues that 
influence the success of new technology in coal mining. 
The introduction of new technology is changing the de­
mands and roles of most personnel in the mining industry. 
Aspects of organizations that must be addressed are 
multiskill training and retraining of both management and 
the work force, predictive maintenance rather than pre­
ventive maintenance, and a more accurate assessment of 
economic life cycle costs for new technology. Management 
techniques may differ significantly from present manage­
ment techniques as mines automate. One of the main 
problems facing corporate and individual mine managers 
is the design of appropriate and effective organizational 
structures for the management of present and future 
advanced technology. 

17. Whaley, G. L The Impact of Robotics Tecbnology 
Upon Human Resource Management. Personnel Admin., 
Y. 27, No.9, Sept. 1982, pp. 61-71. 

Whaley contended that the most immediately recog­
nizable effects of advanced technology are on the behavior 
of work groups and individuals through changes in orga­
nizational structure. One of the most far-reaching changes 
will be more control at the bottom and less at the top or 
executive level. This will mean that fewer middle man­
agers will be needed. 

18. Susman, G. I., and R. B. Chase. A Sociotecbnical 
Analysis of the Integrated Factory. J. Appl. Behav. Sci., 
Y. 22, No.3, 1986, pp. 257-270. 

Susman and Chase think that as much time and thought 
will be required to design an organization compab'ble with 
the new technology as will be required to plan and imple­
ment that technology. Values that support information 
sharing, joint action, and problem solving with others must 
be widely supported, practiced, and rewarded from the top 
management down. 

19. Frantz, R. L, and R. H. King. Study of the 
Human Factors Aspects of an Automated Continuous 
Mining Section (grant SOI44115). PA State UniY., Dep. 
Min. Eng., Final Rep., 1977, 305 pp.; NTIS PB 299 945. 

Frantz and King believe that automation and remote 
control in mining will produce changes in managerial 



practices. Much greater emphasis must be placed on the 
planning and service support activities that management 
performs. The transition stages between various levels of 
automation will magnify the need for clear communication 
between workers and management. Both sides must spend 
time discussing the implications of the new technology and 
attempt to resolve problems before they occur. Managers 
will have to prepare workers to accept more responsibility 
and make more decisions, since supervision under automa­
tion will be more subtle. For example, forepersons will 
provide workers with the material and training necessary 
to accomplish a task but then will not interfere unless the 
worker requests assistance or does the job incorrectly. 

20. Goodridge, M. Managing Operations Into the 
199Os. Manage. Decision (UK), v. 26, No.1, 1988, 
pp.5-10. 

Goodridge contended that the effective management of 
advanced technology dictates changes in managerial style 
from a control to a commitment orientation in the work­
place. A management whose wish is to establish order, ex­
ercise control, and achieve efficiency through close super­
vision will lead to an increasing disillusionment on the part 
of managers and employees with the benefits of new tech­
nology. A commitment style of management is needed 
that gives individuals responsibility and freedom and uses 
a flat organizational structure. Japanese companies put 
considerable time into the maintenance of human relations 
with beneficial consequences to both the company and its 
employees, and their managers receive extensive training 
in this area. 

21. Carr, T. L Technical Trends From the User's 
Viewpoint. Min. Eng. (London), Aug. 1987, pp. 57-62. 

Carr stated that the authoritarian style of management 
used in the 1940's, 1950's, and even later is totally inap­
propriate, even disastrous, in modem underground coal 
mines with their high degree of mechanization and their 
skilled work forces. Decentralization and flat hierarchical 
management structures are the means of achieving im­
portant advances in productivity and decreases in costs. 
Studies have shown tltat successful companies consider 
employees' ideas and needs, regard employees as the basis 
for quality and productivity, and push decisionmaking 
downward. Japanese managers are taught that workers 
know the business best and that innovation and improve­
ment come from where the action is. The author claimed 
that if ever there was a subject that required debate, it is 
how mines with advanced technology should be managed, 
but such debate has been lacking. 

22. Meredith, J. R. Implementing the Automated 
Factory. J. Manuf. Syst., v. 6, No.1, 1987, pp. 1-13. 

Meredith said that there are three primary matters that 
need to be considered when a firm is contemplating new 
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technology: its economic feasibility, its technical feasibility, 
and its organizational feaslbility. In general, companies 
pay extreme attention to the economic feasibility and have 
sufficient competence to pay attention, though perhaps not 
enough, to technical matters. However, most firms only 
minimally consider the necessity for organizational com­
patIbility and feasibility. Studies have shown, however, 
that the main problems companies encounter in the imple­
mentation of automation are not technical but rather orga­
nizational. This deficiency in investigating organizational 
feasibility has produced a lack of fit between the demands 
made by the new technology and the skills, attitudes, 
needs, and values embodied in the social and technical 
structures of companies. 

23. Ebel, K.-H. Social and Labour Implications of 
Flexible Manufacturing Systems. Int. Labour Rev. (Swit­
zerland), v. U4, No.2, Mar./Apr.I985, pp. 133-145. 

Ebel said it has been estimated that 60% of the benefits 
resulting from the installation of flexible manufacturing 
systems (FMS's) are actually derived from reorganization 
of the company and the work and only 40% from the 
hardware itself. Decentralization of management should 
be implemented since work preparation, programming, 
and inspection functions can be performed on the shop 
floor. Autonomous groups of workers are feasible with an 
FMS, which is more in keeping with the desires of the 
workers. The formation of such groups and the assign­
ment of more responsibility to their members also permits 
more cooperative forms of work organization by reducing 
the number of management levels. 

24. Roitman, D. B.,J. K. Liker, and E. Roskies. 
Birthing a Factory of the Future: When Is "All At Once" 
Too Much? Ch. in Corporate Transformation: Revital­
izing Organizations for a Competitive World. Jossey­
Bass, San Francisco, 1987, pp.205-246. 

Roitman, Liker, and Roskies described a manufacturing 
firm that made major changes in all of its organizational 
aspects while implementing a computer-integrated manu­
facturing (elM) system. Management tried to change the 
organization by introducing programs on training, job dis­
placement, autonomy and job enrichment, compensation, 
worker involvement, communication to and from workers, 
restructuring departments, and modifying supplier and 
customer relations. The results were poor because of this 
"all at once" approach, i.e., management attempted to do 
too much, too fast and caused morale problems and 
destroyed the trust of employees. 

25. Black, M. C. Evolution or Revolution in Automa­
tion in Mining? Paper in Proceedings of the 3rd Cana­
dian Symposium on Mining Automation (Montreal, PQ, 
Canada, Sept. 14-16, 1988). J.-M. Robert, Sainte-Foy, PQ, 
1988, pp. 115-119. 
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Black discussed both the evolutionary and revolutionary 
approaches to automation in mining. He advocated the 
evolutionary or piece-wise approach by management since 
problems are certain to arise when new technology is 
introduced and implemented. Each step in the automation 
process should be cost effective on its own merit, and 
when the next step makes no sense in an operation, man­
agement is not obligated to go the whole route. Even if 
the end result of automation does not appear to be ap­
plicable, management should investigate the process of 
automation since some of the steps toward full automation 
might be worth taking. 

26. Beckert, B. A., B. Knill, P. Pascarella, and 
G. Weimer. Integrated Manufacturing: The Shape of 
Work to Come. Comput. Aided Eng., v. 8, No.4, Apr. 
1989, pp. IM-2, 4, 7, 8,10,12,16,18,20. 

Beckert, Knill, Pascarella, and Weimer said that middle 
management is primarily responsible for motivating em­
ployees and must change its attitude toward employees 
when new technology is adopted. Active encouragement 
of employee involvement, rapid and positive follow-up of 
all employee suggestions, and ongoing rewards for ex­
ceptional contributions to the improvement of the opera­
tion are essential. Each employee should be regarded as 
an innovator, a person who can be motivated to propose 
improvement in operations in which he or she is involved. 
Managers will be faced with increasingly complex situa­
tions, incomplete data, high information costs, increasing 
time pressures, and reduced formal authority. This sce­
nario calls for an integrated approach to problem solving. 
The analytical approach may no longer be sufficient as the 
only decisionmaking tool. 

27. Bromley, W. P., and D. E. Kukla. Six Common 
Manufacturing System Mistakes and How To Avoid 
Them. P and 1M Rev. APICS News, v. 8, No.4, 1988, 
pp.36-39. 

Bromley and Kukla emphasize the role of top manage­
ment to ensure that newly installed technology lives up to 
expectations or that new software works properly in their 
organizations. Most of the common manufacturing system 
mistakes are managerial in nature. For example, top man­
agement lacks education in and commitment to the new 
technology. It is a fact that most implementations of man­
ufacturing systems fail because top management is not 
involved in the process. A lack of top management com­
mitment also leads to a failure to define short-term ob­
jectives and to meet deadlines during implementation. 
Often no one in the organization understands the entire 
system, and no one is in charge, which leads to lack of 
user training and understanding of the system and its 
objectives. Experience has proven repeatedly that when 

top management is involved, lower levels in the organi­
zation try to make the new technology work since they 
believe they are being evaluated on their contributions. 

28. Kidd, P. T. Organization, People, and Technolou: 
Advanced Manufacturing in the 19908. Comput. Aided 
Eng. J., v. 7, No.5, Oct. 1990, pp. 149·153. 

Kidd discussed organizational change in advanced 
manufacturing. Many managers and engineers approach 
manufacturing as a set of technical problems and seek 
technical solutions. Often the problems associated with 
advanced technology are not technical but organizational 
or are derived from improper work practices. Too many 
managers believe that technology provides the answers to 
all problems. It does not, and it is wrong to attempt to 
solve nontechnical problems as though they were technical 
ones. Technology does not resolve the problems that arise 
from inappropriate business and production strategies, 
does not remedy the effects of poor-quality managers, is 
not a substitute for training, is not an alternative to 
organizational innovation and modem work practices, and 
is not a panacea. Instead of installing new technologies 
and adapting the organization and the people to the new 
technology, companies should consider adapting the new 
technology to the organization and the people. Manage­
ment should design appropriate organizations and work 
practices, define an appropriate role for people, and use 
technology in a way that reflects the needs of the new 
organizations and work practices. Only after they have 
considered organization and people issues should man­
agers address the technological factors. As for the orga­
nizational changes that a company should implement when 
new technology is introduced, productivity is improved 
by reducing hierarchies, reducing the number of depart­
ments, simplifying procedures, processing information 
more quickly, and increasing worker autonomy. In a flat­
ter, less hierarchical type of organization, workers will 
need more decisionmaking authority, which means their 
competence will have to be improved. 

29. Er, M. C. A Critical Review of the Uterature on 
the Organizational Impact of Information Technology. 
IEEE Techno •• and Soc. Mag., v. 8, No.2, June 1989, 
pp.17-23. 

Er contended that a too-formal restructuring of an 
organization when new technology is introduced is coun­
terproductive. This is because management systems in 
most organizations are characterized by formal organiza­
tional structures and informal information networks. A 
formal organizational structure provides the chain of 
command and the formal authority. An informal informa­
tion network provides management with crucial informa­
tion to sense opportunities in the market and to detect 



crises before they occur. It also allows managers at 
different levels to achieve harmony. Er also states that 
an overly rigid and formalized system causes emotional 
problems in employees. 

PSYCHOLOGICAL FACTORS 

1. Office of Technology Assessment (Washington, 
DC). Computerized Manufacturing Automation: Em­
ploymen~ Education, and the Workplace, Volume 2: 
Working Papers, Part A and Part B. June 1984, 489 pp.; 
NTIS PB 85-138824. 

The Office of Technology Assessment found that when 
managers establish greater control over the manufacturing 
process with the adoption of new technology, less worker 
autonomy results, leading to less job satisfaction. Bore­
dom was a common complaint among numerically con­
trolled (NC) machine and flexible manufacturing system 
(FMS) operators. Some of the boredom stemmed from 
machinery design, which eliminated or minimized operator 
intervention and control, while some of the boredom 
resulted from management decisions about the organiza­
tion of work on automated machines and systems. Work­
related stress was a significant feature in computer­
automated workplaces, mainly owing to the lack of worker 
autonomy and to workers' having responsibility for very 
complicated and very capital-intensive systems. 

2. Office of Technology Assessment (Washington, 
DC). Computerized Manufacturing Automation: Em­
ploymen~ Education, and the Workplace. U.S. GPO 84-
601053, 1984, 471 pp. 

The Office of Technology Assessment also claimed that 
the impact of programmable automation (PA) on the work 
environment with respect to job satisfaction, stress, skills, 
and productivity is a significant yet largely neglected issue. 

3. Investigative Research Committee (Ministry of La­
bor, Tokyo, Japan). Effects of Microelectronics on Em­
ployment. Interim Rep., Oct. 1983, 136 pp.; NTIS PB 84-
111996. 

The Ministry of Labor in Japan contended that the 
introduction of microelectronics-based devices into the 
workplace means an increased change from manual to 
mental labor, which makes mental fatigue a problem. 
Smaller work groups with closer supervision increase the 
work burden on the individual and cause feelings of 
isolation. The close attention required and the small room 
for error permitted make emotional stress commonplace. 
It has been noticed that older workers are becoming more 
fatigued because of mental and emotional strain. 

4. Mueller, E. Technological Advance in an Expand­
ing Economy: Its Impact on a Cross-Section of the Labor 
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Force (U.s. Dep. Labor contract 81-24-67-02). Univ. MI, 
Final Rep., 1969,254 pp. 

Mueller studied the impact of advanced technology on 
a cross section of the labor force. He found that the 
major determinants, besides income change, of both in­
creased and decreased job satisfaction among people af­
fected by automation were those job characteristics related 
to job challenge: More demanding jobs meant increased 
jpb satisfaction. Furthermore, the tendency of increased 
job challenge to generate increased job satisfaction was not 
confined to young, well-educated, or white-collar workers. 

5. Amram, F. M. Designing a Social Environment for 
Human-Robot Cooperation. Paper in Proceedings of 
the lst International Conference on Human Factors in 
Manufacturing (London, UK, Apr. 3-5, 1984). IFS Pub­
lications Ltd., 1984, pp. 127-135. 

Amram discussed the socioemotional needs of workers 
impacted by new technology rather than, as is usually the 
case, their skill and information needs. Work is, at least 
in part, a social activity, and workers' psychological and 
emotional needs impact on productivity. Teaching tech­
nical skills is the easiest part of helping workers adapt to 
new technology, while the socioemotional impact remains 
the neglected aspect. For most people, work deters isola­
tion and alienation by satisfying powerful socialization 
needs. However, increased automation decreases the 
opportunities for workers to interact with coworkers. The 
speed and complexity of new machinery can require 
greater alertness and concentration, thus forbidding dis­
tractions and leading to even greater worker isolation. 
Stress due to new technology is like other stress in its 
effects. By ignoring worker stress, one risks worker resist­
ance, organizational instability, and disruption. Workers 
in transition need much emotional support, recognition 
that they are in transition, and praise for adapting well. 
Isolation can lead to stress, as can boredom from watching 
machinery doing the work or monitoring the work on com­
puter screens. With advanced technology, human self­
esteem can suffer, and workers become alienated because 
of a feeling of powerlessness. Quality circles or planning 
groups can make employees feel respected and needed­
even smart. In an increasingly alienating work setting, 
purposeful efforts must be made to help workers feel like 
fully functioning and useful human beings. 

6. Cure, K. G. AMS: Friend or Foe. Paper in Pr0-
ceedings of the lst International Conference on Human 
Factors in Manufacturing (London, UK, Apr. 3-5,1984). 
IFS Publications Ltd., 1984, pp. 185-192. 

Cure found that new stresses have appeared as a result 
of faster paces and increased boredom imposed by auto­
mated systems. The Germans, as part of their humanizing 
working-life program, are paying particular attention to 
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stress-related factors and new technology. A fundamental 
problem that may be encountered as advanced technology 
replaces many workers is the loss of a work ethic. Self­
respect is being destroyed, and a sense of aimlessness and 
alienation never before experienced on such a large scale 
has been fostered. 

7. Cooley, M. J. E. Problems of Automation. Paper 
in Proceedings of the 1st Intemational Conference on 
Human Factors in Manufacturing (London, UK, Apr. 3-5, 
1984). IFS PubUcations Ltd., 1984, pp. 199·207. 

Cooley claimed that computer-aided design (CAD) de­
skills the designer, subordinates the designer to the ma­
chine, and gives rise to alienation. Most computerized 
design environments display those elements constituting 
industrial alienation, in particular powerlessness, mean­
inglessness, loss of self, and normlessness. 

8. Bullinger, H •• J. Planning Method for Competitive 
Work Systems. Paper in Proceedings of the lst Inter· 
national Conference on Human Factors in Manufacturing 
(London, UK, Apr. 3·5, 1984). IFS Publications Ltd., 
1984, pp. 323·333. 

Bullinger studied 200 European companies that had 
adopted new technology. A total of 70% of the workers 
said there were no positive aspects to their jobs, 75% said 
there were negative aspects to their jobs that had not been 
present previously, 38% felt bored on the job frequently 
and 25% felt bored sometimes, 47% seldom enjoyed their 
work and 29% enjoyed it sometimes, and 33% experienced 
mental fatigue on the job frequently and 19% experienced 
it sometimes. 

9. King, J. R. Is There Any Future for Man in Man· 
Machine Manufacturing Systems? Paper in Proceedings 
of the 1st Intemational Conference on Human Factors 
in Manufacturing (London, UK, Apr. 3·5, 1984). IFS 
Publications Ltd., 1984, pp. 353·358. 

King said that monitoring and control of automated 
systems will be most effectively conducted from a control 
center where the status of all parts of the system will be 
continuously displayed. The control center will be staffed 
by a small nucleus of highly skilled and versatile personnel. 
A problem will be that for long periods there will be little 
or nothing to do, which will lead to boredom and a 
decrease in alertness. 

10. Weir, D. T. H. Organizational Stress and the 
Introduction of New Technology. Paper in Proceedings 
of the lst Intemational Conference on Human Factors 
in Manufacturing (London, UK, Apr. 3·5, 1984). IFS 
Publications Ltd., 1984, pp. 249·258. 

Weir said that modem organizational life with its 
crowding, rapid pace, mobility, and urgent requirement to 

change gives rise to feelings of instability, impermanence, 
and unpredictability among employees. Such a situation 
leads to anxiety, which induces stress. Fear as a psycho­
logical factor is manifested in four ways prior to the intro­
duction of new technology: (1) fear of changes in the or· 
ganizational structure or work groups, (2) fear of unknown 
power shifts, (3) uncertainties about one's ability to per· 
form within the new system, and (4) uncertainties about 
how to use the new system. 

11. Edwards, J. R. Stress, Coping and Worker Well­
Being in Computer·Aided Manufacturing: A Field In­
vestigation of a CNC Machine Shop. Paper in Ergonom­
ics of Hybrid Automated Systems I, ed. by W. Karwowski, 
H. R. Parsaei, and M. R. Wilhelm. Elsevier, 1_ 
pp. 101·108. 

Edwards studied stress, coping, and worker well·being 
in a computer numerical control (CNC) machine shop. 
Stress damages psychological and physiological well·being . 
and stimulates coping, which is defined as efforts to reduce 
the negative impacts of stress. Coping influences stress by 
altering the perceptions, desires, and importance that 
constitute stress. Overall, 86% of the workers interviewed 
reported experiencing stress during normal machine opera· 
tion and 79% during machinery malfunction. Workers 
coped mostly by taking a break, engaging in kidding and 
conversation, and not dwelling on work-related problems 
after working hours. Other methods included performing 
preventive maintenance, talking to supervisors about 
changing stressful working conditions, and adjusting their 
performance standard to meet the situation. 

12. Tanaka, H. Human Implications of Robotization 
in the Worksite: The Japanese Experience. Robotics, 
v. 1, No.3, Oct. 1985, pp. 143-153. 

Tanaka said that even in Japan, with its highly pub­
licized work ethic, many workers are developing stress 
symptoms owing to the pace and pressures associated with 
new technology. For instance, surveys by both the Electri­
cal Machine Workers' Union and by the Metal Workers' 
Union found that stress and mental fatigue increased 
significantly when new technology was introduced. Also, 
loneliness and isolation on the job have been identified as 
an emerging problem. Depression is a growing problem 
among both managers and workers. Neurosis has become 
a definite problem in the highly stressful computer and 
high-technology fields. At one time, Tanaka says, the 
Japanese blue-collar worker was believed to be immune to 
the alienating effects of mechanization that are prevalent 
in Western companies, but this is no longer the case. 

13. Hacker, S. L Automated and Automaton: 
Human and Social Costs of Technological Change. Paper 
in System Approach for Development (Proc. 3d 



IFAC/IFIP/IFORS Conf., Rabat, Morocco, Nov. 24-27, 
1980), pp. 471-480. 

Hacker studied the human and social costs of tech­
nological change. He found that psychological problems 
have arisen for those workers who were displaced or 
feared that they might be displaced because of new tech­
nology. Symptoms of these problems are anger, frustra­
tion, alcoholism, depression, anxiety, and tension. 

14. Rudinger, R. Social Aspects of Automation and 
Robotics. Pres. at ASME Winter Annu. Meet., Anaheim, 
CA, Dec. 7·U, 1986, 8 pp.; available from ASME. 

Rudinger indicated that consideration of human beings 
when technological change occurs is of relatively recent 
origin. From the inception of the Industrial Revolution 
in Europe until well into the 20th century, workers were, 
by and large, viewed as machines that could be made to 
perform functions efficiently by authoritarian manage­
ment. Nevertheless, many jobs under the new technology 
are just as tedious as those on the assembly line and just 
as unskilled. Many workers consider their jobs prior to 
automation to have been more interesting and feel that 
they had more opportunity to interact with other workers. 
The changes in their jobs have led to stress, boredom, and 
job dissatisfaction in many cases. People do not want to 
be paced by machines and treated inhumanely. 

15. Susman, G. I. Automation, Alienation, and Work 
Group Autonomy. Hum. RelaL, v. 25, No.2, Apr. 1972, 
pp. 171·180. 

Susman claimed that the worker does make a significant 
contribution to the automated production process. The 
quality of this contnoution is influenced by the degree of 
alienation the worker experiences. Factors that predispose 
a worker to alienation are powerlessness, meaninglessness, 
lack of social norms, and self-estrangement. 

16. Ebel, K.·H. Social and Labour Implications of 
Flexible Manufacturing Systems. InL Labour Rev. (Swit· 
zerland), v. U4, No.2, Mar./ Apr. 1985, pp. 133·145. 

Ebel also expressed concern about alienation of workers 
owing to the new technological systems. He believed that 
these systems will further isolate the worker, increase 
boredom and monotony, and magnify job-related stress by 
accelerating the pace of work. 

17. Salvendy, G. Human Factors in Planning Robotic 
Systems. Ch. in Handbook of Industrial Robotics, ed. by 
S. Nof. Wiley, 1985, pp. 639-664. 

Salvendy claimed that the psychological disadvantages 
of machine-paced (MP) work include a lack of psycho­
logical growth for the workers and resultant boredom and 
job dissatisfaction. These shortcomings are overcome and 
the human body's efficiency is higher for self-paced (SP) 
work. 
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18. Oliver, M. V. L The MlIIUlpIIleat and TrainiDg 
Implications of Innovation and Change Due to Advanced 
Manufacturing Technologies. Paper in Proceedings of 
the 1st International Conference _ Human Factors in 
Engineering (London, UK, Apr. 3·S, 1984). IFS Pub­
lications Ltd., 1984, pp. 249-258. 

Oliver indicated that the importance of psychological 
factors in developing and retaining efficient and productive 
employees is often dowoplayed. Many successful com· 
panies (admittedly over a long period of time in most 
cases) have attended to their employees' psychological 
needs as well as to their work needs. 

19. Slem, C. M., D. J. Levi, and A. Young. The Psy. 
chological Impact of New Technologies: Antidpation of 
Stress. Paper in Proceedings of the Human Factors 
Society 33rd Annual Meeting: Perspectives-Volume 2 
(Denver, CO, Oct. 16-20, 1989). Hum. Factors Soc., 1989, 
pp. 811-815. 

Slem, Levi, and Young studied the psychological impact 
of new technologies especially as related to stress. Stress 
has been identified as one of the major negative COD­

sequences of technological change. When experienced as 
stressful, technological change is likely to produce a 
number of negative outcomes for the organization, such 
as increased overt and covert resistance to the new tech· 
nology, lower product quality, lower productivity, greater 
absenteeism, increased illness and drug abuse, and higher 
turnover. The authors developed a model of the psycho­
logical impact of technological change on the work force. 
They administered a questionnaire called "Impact of Tech· 
nological Change Survey" to workers in five large elec· 
tronics manufacturing firms. Anticipated role conflict, role 
ambiguity, and quantitative work overload produced the 
strongest and most consistent relationships with the overall 
measure of stress. Qualitative role overload and beliefs 
about reductions in the work force were more closely 
allied to job insecurity stress. When people were unclear 
about how the technology would affect their responsi­
bilities or when they anticipated conflicting expectations 
from different managers on what they should do, they 
were more likely to experience stress. When they believed 
they would be overloaded with too many new tasks or too 
difficult tasks, they were also more likely to experience 
stress. When people feel that they are participating in the 
design and implementation of new technology, that the 
company will provide adequate training, that job decisions 
are fair, and that existing employees will fill the positions 
created by the new technology, then stress is reduced. 

20. Majchrzak, A., and J. Cotton. A Longitudinal 
Study of Adjustment to Technological Change: From 
Mass to Computer.Automated Batch Production. J. 
Decop. Psychol., v. 61, pL 1, Mar. 1988, pp. 43-66. 
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Majchrzak and Cotton identified from the literature 
four independent sets of factors as potentially influencing 
worker adjustment to technological change: (1) actual job 
changes experienced on the job, (2) perceived changes to 
jobs, (3) personal factors, and (4) management support. 
This paper describes a longitudinal study of responses 
by 31 unskilled workers to a change using low-automated, 
mass assembly technology to jobs using computer­
automated batch (CAB) technology. The high-school­
educated workers had originally been assembling tele­
phone equipment by hand on a mass production line. 
Their new jobs entailed a small batch operation producing 
hybrid integrated circuits for the telephones. The authors 
measured four indices of adjustment: (1) stress and psy­
chological problems, (2) job satisfaction, (3) organizational 
commitment, and (4) perceived quality of life. The psy­
chological problems index combined three scales: stress, 
somatic complaints, and depression. Results of this study 
showed that workers' adjustment to technological change 
was enhanced by job modifications that ina-eased task 
variety, operator control, and social discussions. Stress 
was reduced when workers perceived that feedback was 
taken seriously, role clarity was ina-eased, and automation 
would benefit them. Adjustment to technological change 
may be studied by comparing the individuals' important 
values and abilities to the values and abilities demanded 
by the new technology. If both of these change in similar 
directions to similar degrees, then job satisfaction, stress, 
and commitment will not change from previous desirable 
levels. 

21. Edwards, J. R. Computer-Aided Manufacturing 
and Worker Well-Being: A Review of Research. Behav. 
and Iuf. Technol., v. 8, No.3, May-June 1989, pp.lS7-174. 

Edwards claimed that although managers typically con­
sider technical and economic factors in the implementa­
tion of computer-aided manufacturing (CAM), they rarely 
consider the psychological implications. This paper re­
viewed and evaluated empirical research concerning the 
impacts of work in CAM on worker psychological and/or 
physical well-being. Because of the importance of the 
worker's own perceptions in the determination of stress, 
only studies that involved data collected from workers 
(interviews or questionnaires) were included, thereby 
omitting studies based solely on the observations of the 
investigator. Seventeen studies were found in the litera­
ture that met these criteria. The studies reviewed indi­
cated that although the introduction of CAM often elim­
inated heavy and dangerous work, jobs involved with the 
operation of CAM machinery were often unsatisfactory 
and stressful for the workers. The level of dissatisfaction 
and stress depended on the content and composition of 
the tasks assigned to the worker. When tasks were limited 
to monitoring and performing' miscellaneous support 

activities, high levels of boredom and monotony were 
reported. Monotony and stress were also reported when 
computerized controls were used to pace worker activities. 
When the worker was also responsible for programming or 
when the CAM machinery facilitated the performance of 
other tasks, an element of challenge was added. When 
workers were involved with maintenance activities, a com­
bination of ina-eased challenge and stress was often re­
ported. In most cases, CAM allowed little social inter­
action between workers, which led to an ina-eased sense 
of isolation. The author concluded that overall the studies 
reviewed indicate that advanced technology does not im­
prove worker psychological well-being but a-eates jobs that 
are often stressful, unsatisfying, monotonous, and boring. 

QUAUTY OF WORKING UFE 

1. Pemble, R. J. Traditional Technology and Quality 
of Working ute-A Managerial Perspective. Paper In 
Proceedings of the 2nd International Conference on Bu- . 
man Factors In Manufacturing (Stuttgart, West Germany, 
June 11-13, 1985). IFS Publications Ud., 1985, pp. 371-
378. 

Pemble discussed the theory of and research on the 
quality of working life and how managers can improve it. 
Management looking downward perceives the organiza­
tion in one way, while the workers looking up perceive it 
in another way. Modem organizations, designed to oper­
ate on a top-down basis, attempt to achieve measurable 
financial and production targets. The workplace is viewed 
as a machine in which the worker is an interchangeable 
part. The ideology of the quality of working life arose as 
a reaction to Taylorism (essentially treating workers as 
machines) and has attempted to prove that acceptable 
levels of task performance can be best achieved by in­
volving and motivating the work force. The idea of work 
as a task and consequently the worker as a task performer 
just like a machine was replaced by the idea of work as a 
social behavior and consequently the worker as a moti­
vated human being. However, there is no research or 
workplace empirical evidence to prove that productivity 
or task performance improves under humanitarian work 
practices and management. The current status of quality 
of working life is the existence of a strong, clear ideology 
but a lack of experimental studies that would convincingly 
prove its contentions. Management believes that it knows 
what should be done in order for the work force to be 
productive. Managers must be convinced that improving 
the basic quality of working life variables (i.e., worker 
control over the task and the immediate work environ­
ment, the quality of the task, the nature and extent of 
management control, and the degree of identification with 
the organization) improves morale and, through this im­
provement, ina-eases productivity and product quality. 



2. Lane, J. D., G. Lundstrom, and W. Warnat. Educa­
tion Efforts and Implications Facing the World's Robotics 
Industry. Paper in Proceedings of the 14th International 
Symposium on Industrial Robots and 7th International 
Conference on Industrial Robot Technology (Goteborg, 
Sweden, Oct. 2-4, 1984). IFS Publications Ltd., 1984, 
pp.25-36. 

Lane, Lundstrom, and Wamat mentioned a study that 
had been performed on the improvement of the quality of 
working life in several industrialized countries (France, 
Italy, Norway, Sweden, the United Kingdom, the United 
States, and West Germany). In those countries that 
organized their programs mainly along the lines of job 
redesign (the United Kingdom and the United States), the 
humanization-quality of working life effort is not as 
significant as in those countries that incorporated job re­
design into a broader approach (West Germany, France) 
or that deemphasized the area altogether in favor of health 
and safety matters and employee participation (Sweden). 
The Trades Union Congress contended that with the 
introduction of new technology the quality of working life 
can be maintained by increasing the responsibility and 
autonomy of work groups and by enlarging job content 
(job enrichment). 

3. Wamat, W. I. Employment ProJections/Edncation 
Implications for the Robotics Industry in the USA. SME 
Tech. Pap. MM84-642, 1984, 11 pp. 

4. Shaiken, H. The Human Impact of Automation: 
Keynote Speech to the 1985 Conference on Decision and 
Control. IEEE Control Syst. Mag., v. 6, No.6, Dec. 1986, 
pp.3-6. 

Warnat and Shaiken claimed that advanced technology 
can decrease the quality of working life by restricting the 
amount of autonomy, contro~ and challenge available 
to the worker and by closer monitoring of worker per­
formance. Conversely, advanced technology can increase 
the quality of working life by expanding the variety of job 
tasks and the decisionmaking opportunities of workers. 
However, the reality is that with the introduction of 
new technology managers have become more, not less, 
authoritative. 

5. Majchrzak, A., and J. Cotton. A Longitudinal 
Study of Adjustment to Technological Change: From 
Mass to Computer-Automated Batch Production. J. 
Occup. Psychol., v. 61, pt. 1, Mar. 1988, pp. 43-66. 

Majchrzak and Cotton assessed changes in the quality 
of working life for workers whose hand assembling jobs 
were replaced by jobs using computer-automated batch 
(CAB) technology. A lO-item scale was used to assess the 
quality of working life. . Sufficient variation was found 
between workers so that no conclusions could be drawn as 
to the effects on quality of working life stemming from the 
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transition from one type of job to another. That is, some 
of the workers felt that their quality of working life had 
been improved, some that it had decreased, and some that 
there had been no significant change. 

6. Roe, R. A. New Technologies and Work. Pres. at 
the 24th Int. Congr. Psychol., Sydney, AnstraUa, Aug. 28-
Sept. 2, 1988, 21 PP'; NTIS PB 9O-24S150/XAB. 

Roe discussed research on new technologies and work 
conducted in Europe. The quality of working life as af­
fected by the adoption of automation was addressed in 
most of the studies that were reviewed. Humanization of 
work was mentioned as a possible motive for automation 
in industry but, in reality, was seldom taken seriously. The 
studies presented no clear-cut picture of the effects of 
automation on working life. A decrease, an increase, and 
no change were all reported on the quality of working life 
when automation was introduced. Nonetheless, the op­
portunities that automated systems have for improving the 
work situation have seldom been found to be realized in 
practice. 

SOCIAL (pEOPLE) AND TECHNICAL 
SYSTEMS COMPATIBIUTY 

1. Pasmore, W. A. Designing Effective Orpnizations: 
The Sociotechnical Systems Perspective. Wiley, 1988, 
200 pp. 

The most comprehensive treatment of sociotechnical 
systems (STS) theory and its applications is by Pasmore, 
who details how to design or redesign effective organiza­
tions using the STS perspective. He admits that with the 
continuous changes in the external environment (custom­
ers, competition) joint optimization may be replaced by 
organizational flexibility (which allows rapid responses to 
changes) as an STS design objective. Pasmore has de­
tailed chapters on the social system, the technical system, 
the environment, the objectives of STS design, the use of 
STS to redesign an organization, and the leadership re­
quired to implement STS properly. In addition, he in­
cludes as an appendix a STS survey that can be used to 
determine the extent to which an organization's design is 
consistent with STS principles. The survey can be ad­
ministered to an entire organization or to subunits. It may 
be used prior to an STS intervention to guide organiza­
tional improvement, or during or after an intervention to 
assess progress in designing the organization for improved 
performance. 

The six sections of his STS survey are Innovativeness, 
Human Resource Development, Environmental Agility, 
Cooperation, Commitment-Energy, and Joint Optimiza­
tion. Each section contains questions that use a rating 
scale of 1 to 5. For example, under Innovativeness, ques­
tion 5 at the lower part of the scale is "Most people here 
are afraid to take risks;" in the middle of the scale is 
"Some people here take some risks, but not big ones;" and 
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at the higher part of the scale is "Most people here are not 
afraid to take risks, especially when they are important.· 

Pasmore in this book also presents the various STS 
methods that have been used and their success based on 
a review of the literature by several researchers. He 
shows a figure in which the percentage of organization 
using a particular STS feature is given, with 20 features 
shown in all. The ones that have been most widely applied 
(with the percentage of organizations in parentheses) are 
autonomous work groups (53%), technical skill develop­
ment (40%), action groups (22%), change reward sys­
tem (21%), self-inspection of quality (16%), technological 
change (16%), and nonrating teams (16%). When auton­
omous work groups were utilized and results were re­
ported, they were associated with improvements in pro­
ductivity, costs, attitudes, and quality over 80% of the time. 
Training was associated with improvements in performance 
in more than 90% of the cases that reported its use. 
When more than one of the features was applied, produc­
tivity improved in 87% of the cases reported, costs de­
creased for 89%, absenteeism decreased for 81%, turnover 
decreased for 65%, attitudes improved for 94%, safety 
improved for 88%, grievances decreased for 89%, and 
quality improved for 97%. 

1. Pasmore, W. A., and J. J. Sherwood (eels.). Sodo­
technical Systems: A Sourcebook. University Associates 
Inc., 1978, 365 pp. 

Pasmore and Sherwood edited a sourcebook on socio­
technical systems that preceded the textbook discussed in 
the previous reference by several years. There are seven 
sections in the book, a total of 24 papers by a variety of 
authors, a foreword, and an introduction to each section 
except for the first one. Some of the highlights of this 
sourcebook are as follows: 

1. The four things that must be known to perform a 
sociotechnical systems intervention, 

2. The seven basic contentions or propositions of 
sociotechnical systems theory, 

3. The nine principles of sociotechnical systems design, 
4. The order (four steps) in which data should be col­

lected by the change agent or interventionist, 
5. The five steps of open systems (considers the envi­

ronment outside of the organization) planning, 
6. The five functions any social system in an organiza­

tion must fulfill if it is to survive, 
7. The nine components of a widely used sociotech­

nical systems analytical model for physical technologies, 
8. The five social processes existing in an organization, 
9. Eight examples of what may need to be changed in 

the social system of an organization, 
10. Four examples of conditions in organizations that 

require system interventions, 

11. Six examples of types of feedback systems that are 
used frequently to determine the effects of interventions, 

12. Three requirements for autonomous work groups, 
13. Four social system properties that must be con­

sidered simultaneously when adopting new technology, and 
14. Methods for reducing the three results of worker 

alienation by altering the social system. 

There are many other pUblications that have to do with 
sociotechnical systems theory and application. Brief sum­
maries of representative publications are as follows: 

3. Trisl, E. L, and K. W. Bamforth. Some Soclal and 
Psychological Consequences of the Longwall Method or 
Coal-Getting: An Examination of the Psychological Sit­
uation and Defences of a Work Group in Relation to the 
Social Structure and Technological Content of the Work 
System. Rum. Relat., v. 4, No.1, 1951, pp. 3-38. 

Sociotechnical systems analysis began with the seminal 
work of Trist and Bamforth in 1951. They traced in detail . 
the connection between the health and productivity of coal 
miners using the longwall method and the social structure 
of the work system that controlled their relationships, i.e., 
an account of the social and psychological consequences 
of longwall coal mining and how these arose from changes 
in mining methods. Four types of defense from the stress 
of longwall mining were used by miners: informal orga­
nization, reactive individualism, mutual scapegoating, and 
self-compensatory absenteeism. Trist and Bamforth be­
lieved that the persistence of socially ineffective structures 
at the coal face can be a major factor in preventing an 
improvement in morale, discouraging recruitment of com­
petent and productive employees, and increasing employee 
turnover. They suggested that responsible autonomy 
should be given to primary groups throughout the mining 
system, and each group should receive a satisfying portion 
of the work to be done as its task assignment with some 
flexibility in work pace. Face workers probably should be 
multiskilled, i.e., capable of performing a variety of tasks, 
in order for their autonomous work group to succeed. 

4. Trisl, E. L, G. W. Riggin, R. Murray, and A. B. 
Pollock. Organizational Choice: Capabilities of Groups 
at the Coal Face Under Changing Technologies. Tavi­
stock Publ., London, UK, 1963, 330 pp. 

A later study of the interaction of technological and 
social factors in underground coal mines in England was 
done by Trist, Higgin, Murray, and Pollock in 1963. Since 
any production system requires both a technological 
organization (equipment and process layout) and a work 
organization relating those who carry out the necessary 
tasks to each other, each production unit was considered 
as a sociotechnical system. The technological demands 
place limitations on the type of work organization possible, 
but a work organization has social and psychological prop­
erties of its own that are independent of technology. 



It is of fundamental importance to realize that the opti­
mization of the whole sociotechnical system does not 
require an optimum state for either the social or technical 
subsystems. The authors focused their attention on the 
sociopsychological system. This system may be studied at 
different levels in coal mining as in other industries: the 
individual worker, the work group, the section, the mine, 
or the company. The unit of study for this research was 
the primary work group, and not only were face crews 
studied but also other individuals and groups with whom 
they had relations. The qualities found to be especially 
appropriate for the organization of the mining crews were 
acceptance of responsibility for the entire cycle of opera­
tions, recognition of the interdependence of one man or 
group on another for effective progress of the· mining 
cycle, and responsible autonomy or self-regulation by the 
whole team and its constituent groups. Primary work 
groups of up to 50 members were found to be capable of 
sustained self-regulation and maintenance. This leaves 
management free to concentrate on providing effective 
communications to workers within the mine, anticipating 
the support required for operations at the face, and giving 
attention to longer term planning and development. 

5. Brown, G. R., G. Susman, and E. Trist. Socio­
technical Design and Its Effect on Individual and Group 
Performance. Paper in lst Symposium on Coal Manage­
ment Techniques, Volume I (NCA/BCR Coal Conf. and 
Expo II, Louisville, KY, Oct. 21-23, 1975). NCA, 1975, 
pp.61-70. 

Brown, Susman, and Trist discussed a sociotechnical 
research project carried out at a room-and-pillar under­
ground coal mine belonging to Rushton Mining Co. in 
Pennsylvania. The concept of work used was that of au­
tonomous or self-governing work groups. The Rushton ex­
periment used one section of the mine and the crews in 
that section during all three shifts. Crew members became 
increasingly multiskilled as time went on and interchanged 
their tasks more frequently. The final results were not in 
when this paper was written; but the first year's results 
showed that the number of violations for the experimental 
section had dropped about 60% while they almost doubled 
for the other two sections. The number of accidents 
stayed about the same during this first year for the 
autonomous work group but almost tripled for the other 
two sections. The costs of production and maintenance 
declined for the experimental section while they rose 
dramatically for one of the other sections and declined 
only slightly for the third one. At the end of the first year, 
there were indications that productivity was increasing for 
the experimental section. 

6. Peters, R. H. Revi~ of Recent Research on Or­
ganizational and Behavioral Factors Associated With 
Mine Safety. BuMines IC 9232, 1989,38 pp. 
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Peters discussed several experiments with mines in 
team-building and organizational development (OD) inter­
vention (both are sociotechnical systems techniques). 
Team-building and OD intervention were used in order to 
determine their effects on productivity and safety at an 
underground hard rock mine. Results indicated that the 
methodology used was highly effective at improving both 
safety and productivity, and this improvement was still 
in existence 5 years later. The impact of Ouality Circles 
(OC's) was studied at a large surface coal mine. The 
OC's seemed to provide a framework for employee input 
that improved both safety and productivity as workers not 
only identified problems but also became actively involved 
in their solutions. The effectiveness of a structured man­
agement training intervention on productivity and safety 
at an underground trona mine was assessed. The interven­
tion was highly effective in improving safety and pra­
ductivity, and the improvements were maintained for the 
ensuing 5 years. The impact of an intervention on safety, 
productivity, quality of working life, and several other 
factors was studied at an underground coal mine. Safety 
shifted slightly in the positive direction while productivity 
increased slightly. Applied behavioral analysis and man­
agement techniques were used as a training intervention 
at four salt mines to determine their effectiveness in de­
creasing the frequency of eye, hand, and back injuries. 
The principal behavior reinforcer used was positive verbal 
feedback. The number of injuries per month did deaease 
to some extent after the intervention. 

7. Sanders, M. S., and J. M. Pea),. Humu Factors iD 
Mining. BoMines IC 9182, 1988, 153 pp. 

Sanders and Peay discussed organizational development 
(OD) and its methodology. OD is a long-term effort that 
examines and alters management policies, practices, and 
organizational dynamics in a systematic way for the pur­
pose of assisting a company in solving its major problems 
and goals. OD uses a change agent or intervention to ini­
tiate and guide the activity. The change agent is a third 
party, external to the particular part of the organization 
that is initiating the OD activity. The change agent inter­
venes in the ongoing processes of the organization and 
assists the organization in understanding its problems and 
how to solve them. Four examples of OD were given, 
which were also discussed by Peters. 

8. Robinson, G. H. Accidents and Sodotecbnical 
Systems: Principles for Design. Accid. Anal. and Prev., 
v. 14, No.2, 1982, pp. UI-130. 

Robinson discussed principles for the design of socia­
technical systems in order to reduce the number of acci­
dents. These principles are as follows: 

1. Workers should have an appropriate role in con­
trolling variances or unprogrammed, random events. 
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Accidents can be reduced if unpredicted events are cata­
logued and made an explicit part of both training and 
design; 

2. Boundaries oftechnology, territory, and time should 
be drawn so as to contain a group necessary to carry out 
some segment of the work, such as maintenance, as close 
to the operations as possible; 

3. Autonomous work groups should be formed whose 
strength is adaptability to change; 

4. Support from management and organizational rules 
should reinforce desired organizational behaviors instead 
of the usual emphasis, which is placed on short-term pro­
duction goals, competition between workers, and individual 
achievement; 

S. The ability of an organization to continually redesign 
is frequently one of the most important attributes for fu­
ture survival; 

6. Safety should be aided by having the people who will 
have to live with a design participate in its creation; and 

7. Quality of working life will be enhanced and the 
accident problem will be addressed directly by admitting 
that people are largely required in the system for their 
discretionary, decisionmaking abilities and will assume 
necessary responsibility if given the correct organization 
and support. 

9. Shani, A. B., and O. Elliott. Applying Sociotech­
nical System Design at the Strategic Apex. Organ. Dev. 
J., v. 6, No.2, Summer 1988, pp. 53-66. 

Shani and Elliott examined the relationships between 
sociotechnical systems design and strategic management. 
Strategic management stresses the management of the 
organization's relationship with its environment (external 
factors) as a means for attaining goals. It responds to the 
increasingly volatile and often hostile environment by 
focusing on basic action strategies and competitive mar­
keting strategies while taking into account the internal 
functioning of the organization. Shani and Elliott applied 
their methodology to a company that produced semicon­
ductors. Changes were made in the organization in up­
dating the technical subsystem, developing the skills of 
teamwork, improving communications, and attempting to 
reposition the company in terms of what technologies to 
emphasize. 

10. Miller, E. J. The Human Element. Paper in New 
Technology in Water Services, Proceedings of a Sym­
posium (London, UK, Feb.20-11, 1985), pp. 199-208. 

Miller addressed the problem of managing change. 
What is required is the design of new sociotechnical sys­
tems that call into question the established assumptions 
about the role of the manager and the state of the re­
lationship of the individual to the organization. The 
autonomous or self-regulating work group has time after 
time been shown to have a high probability of being more 

productive, more responsible, more effective, and more 
satisfying for its members than previous forms of work 
organization. The question arises as to why it has not 
been widely adopted and become the norm rather than 
the exception. There is no unrecognized flaw in the con­
cept, resistance of workers is not a major constraint, and 
unions accept this type of work group as long as it adds to 
the quality of working life. The fact of the matter is that 
management resistance has been the main factor respon­
sible for the autonomous work group's not being widely 
adopted. Management loses some of its power and bu­
reaucratic control over workers. Also, fewer supervisors, 
fewer junior managers, and fewer middle managers are 
needed. 

11. Blumberg, M. Job Switching in Autonomous 
Work Groups: A Descriptive and Exploratory Study in 
an Underground Coal Mine. Ph.D. Thesis, PA State 
Univ., 1977, 309 pp. 

Blumberg described research he conducted over a . 
13-month period inside an underground room-and-pillar 
coal mine at Rushton, P A. His aim was to identify and 
assess variables related to job-switching behavior in two 
autonomous work groups each composed of 27 miners. 
The study reviewed the literature on sociotechnical sys­
tems theory, worker participation, employee resistance to 
change, job enrichment, and individual response to task 
characteristics. Based on this review, 24 hypotheses were 
developed that predicted relationships between job­
switching behavior and variables at the individual and 
group level. These hypotheses were tested by means of a 
76-item questionnaire administered underground over a 
period of 3 weeks. The most general finding was that job­
switching behavior was more closely related to the 
demands of the technical system and absenteeism than to 
the social and psychological needs of the miners. Con­
clusions were as follows: Job switching is important for 
the proper functioning of autonomous work groups, auton­
omous work groups are important for the sociotechnical 
design of the workplace, and sociotechnical design can 
improve the quality of working life. Over 10 pages of ref­
erences are given, and there are 15 appendixes that con­
tain the detailed questionnaires, indexes, scales, etc. used 
for this study. 

U. Manz, C. C., and H. P. Sims, Jr. Leading Self­
Managed Groups: A Conceptual Analysis of a Paradox. 
Econ. and Incl. Democracy, v. 7, No.2, May 1986, pp.141-
165. 

Manz and Sims claimed that one particularly puzzling 
aspect of self-managed groups is the identification of an 
appropriate role for external work group leaders. What is 
the role of such groups? Why should a leader be neces­
sary if groups are indeed to be self-managing? Is the 
existence of such a leader a logical inconsistency? The 



authors used perspectives from sociotechnical systems 
(STS) and social learning theory (SLT) to develop a con­
ceptual framework that suggests a role for this unique type 
ofleader. This person is called a Superleader and can be 
either external to or a member of the group. This leader's 
role to a great extent is that of creating a positive atmos­
phere for exercising self-management and primarily is to 
help the group to manage itself. He or she can help pro­
vide social and technical knowledge that the group does 
not have, act as a link between the group and other groups 
or management, encourage within-group communications 
and training, and guide group planning. 

13. Bean, A., and C. Ordowic:h. Managing the Impact 
or Technological Change on Organizations. SME, Tech. 
Pap. MM8S-727, 1985, 15 pp. 

Bean and Ordowich described the key ideas in socio­
technical systems analysis that pertain to the design and 
redesign of manufacturing organizations in the process 
of introducing technological change. Participative manage­
ment is the way that plants are making high technology 
work to their greatest advantage. Successful companies 
emphasize (1) teams rather than jobs as the basic unit of 
organization, (2) multiple, decentralized decisionmaking 
centers, (3) high-qUality work as a result of autonomy of 
workers rather than close control by supervisors, and (4) 
trust and cooperation rather than isolation and compe­
tition. As advanced technology is adopted, the employees 
required to make this technology productive will be more 
independent and educated and will expect autonomy, 
challenge, learning, mobility, recognition, and meaningful­
ness. Also, the environment external to the company is 
becoming more turbulent and unpredictable, which places 
a premium on managers and employees who are flexible 
and innovative. The challenge for managers is to delegate 
the operation of the technical system to their subordinates 
and to focus on shaping, renewing, and maintaining the 
social system. The challenge for engineers is to design 
technical systems that are compatible with human factors. 
Three case studies were presented to illustrate the ap­
plication of sociotechnical systems design and redesign: 
an oil refinery that was in operation, a new computer­
integrated manufacturing (elM) plant that produced high 
tolerance parts, and a very old and physically deteriorated 
chemical plant. Significantly successful results were ob­
tained in all three cases. It was found that in organiza­
tional redesign the major transformation should be in the 
social system, although the transformation must be com­
patible with changing technologies in a changing environ­
ment. Redesign consists of building participation through 
information sharing, creating cooperative teams, flattening 
the hierarchy, and establishing closer relationships between 
functional departments. 
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14. Pasmore, W. A. Overcoming the Roadblocks in 
Work-Restructuring Efforts. Organ. Dyn., Y. 10, No. 4, 
Spring 1982, pp. 54-67. 

Pasmore said that work restructuring involves enric:hing 
the motivational aspects of jobs through changes in the 
structures of organizations, the technology used to produce 
goods or services, and/or the activities workers are ex­
pected to perform. The two major methods of work re­
structuring that are commonly used are job redesign and 
the sociotechnical systems approach. The former is pri­
marily aimed at the level of the individual and seeks ways 
to improve productivity and the quality of working life 
through increased variety, autonomy, task completeness, 
task importance, and feedback on performance. The latter 
considers the relationships between both people and tech­
nology and between the organization and its environment 
and suggests changes in work arrangements designed to 
improve the fit among the needs of individuals, groups, 
and technological processes in the pursuit of organiza­
tional goals. Both job redesign and sociotechnical systems 
interventions are based on the following two basic under­
lying assumptions: (1) organizational performance can be 
improved by allowing employees at lower levels to assume 
more responsibility for the management of their own 
efforts, and (2) employees will become more responsibly 
self-directing as their work offers them greater oppor­
tunities to fulfill such important psychological needs as 
learning, growth, self-esteem, and significance in their 
working lives. A recent review by the author found that 
nearly 90% of the reports on work-restructuring interven­
tions cited improvements in productivity, costs, absen­
teeism, attitudes, and quality. One of the beneficial fall­
outs from work restructuring is usually a more highly 
skilled and flexible work force, one that is better able to 
respond to changes that might be hurled at the organiza­
tion by its environment. However, middle- or low-level 
managers often present a formidable resistance to change, 
and if they manage using traditional beliefs, work restruc­
turing will probably not be of benefit to the organization. 

15. Kelly, J. E. A Reappraisal of SociotechnJcal 
Systems Theory. Hum. Relat., Y. 31, No. n, Dec. 1978, 
pp.l069-1099. 

Kelly performed a detailed reexamination of case stud­
ies from which the major principles of sociotechnical sys­
tems analysis had been partly derived. He found that the 
objective of all of the cases studied in which sociotechnical 
systems methodology had been applied was to create a 
work organization that would extract the maximum use 
and value from the existing machinery and from the labor 
force. None of the ensuing improvements in productivity, 
quality, etc. for these cases were due to the fact that indi­
vidual needs were afforded more satisfaction in the work 
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organization. The significance of pay incentives as a meth­
od for increasing productivity was greatly underestimated 
by those who performed the sociotechnical systems studies. 

16. Margulies, N., and L Colftesh. A Sodotecbnical 
Approach to Planning and Implementing New Technology. 
Train. and Dev. J., v. 36, No. 12, Dec. 1982, pp. 16-29. 

Margulies and Colflesh used the sociotechnical sys­
tems concept as developed by Trist and Bamforth and by 
Rice and a generic planning model to investigate the im­
plementation of computer-aided design and manufacturing 
(CAD-CAM) technologies. The strength of this approach 
was considered to be its ability to integrate changes in 
people and technology during periods of rapid techno­
logical change. The authors described an approach by 
which efforts are designed to implement new technology 
while evaluating appropriate human subsystem modifica­
tions, and then changes are made in the managerial­
organizational subsystem. The process is an iterative one 
in which "fine tuning" of the subsystems to maximize pra­
ductivity is ongoing. Factors that contribute to the suc­
cessful implementation of new technology are communi­
cations and education, user participation, dealing with 
uncertainty and resistance, and awareness of organizational 
dynamics. The sociotechnical framework and the system 
development planning model require several specialists 
with specific areas of expertise (management, technical 
systems analysis and design, organizational change, human 
factors). Although the outside consultant is often useful 
in the preliminary stages of analysis, successful change 
programs must rely on informed and motivated persons 
within the organization. Effective implementation of 
change occurs when those directly affected by the change 
are involved at the beginning. The importance of ongoing 
communication, involvement of all employees to varying 
degrees, and careful planning at every stage cannot be 
overemphasized. 

17. Sinha, M., and D. Roitman. Sociotecbnical Sys­
tems Design and Computer Integrated Manufacturing. 
Paper in Management of Evolving Systems (1987 IEEE 
Conf. on Manage. and Technol., Proc., Atlanta, GA, Oct. 
27-30,1987). IEEE, 1987, pp. 57-66. 

Sinha and Roitman found that companies that have led 
the way in computer-aided manufacturing (CIM) imple­
mentation have had considerable difficulty in reaping the 
expected benefits from this new technology. The problems 
are not primarily technological but instead stem from 
organizational obstacles involved in implementing com­
plex new technology. Fundamental shifts in organizational 
thinking and culture are required for the new technology 
to be successful. Sinha and Roitman contend that socia­
technical systems (STS) design represents the most viable 
approach to CIM implementation, since STS is the most 

comprehensive and highly structured approach to changing 
social and technical systems. 

18. Majchrzak, A. The Human Infrastmcture Impact 
Statement (HIlS): A Tool for Managing the EfI'ective 
Implementation of Advanced Manufacturing Technology. 
Comput. Integrated Manuf. Syst., v. 1, No.2, May 1988, 
pp.95-102. 

Majchrzak discussed the human infrastructure impact 
statement (HUS) as a tool for helping managers and re­
searchers assess the socia-organizational impacts of ad­
vanced technology before the final equipment decisions are 
made. InIS will help in the selection of equipment to 
ensure that the new technology will be compabble with 
existing and evolving organizational, personnel, job design, 
and training practices. InIS, which is based on concepts 
and practices developed by social and organizational 
theorists, is closely related to the sociotechnical systems 
approach. 

TRAINING AND RETRAINING 

1. Oftlce of Technology Assessment (Washington, 
DC). Computerized Manufacturing Automation: Em· 
ployment, Education, and the Workplace. U.s. GPO 84-
601053, 1984, 471 pp. 

2. __ • Computerized Manufacturing Automation: 
Employment, Education, and the Workplace, Volume 2: 
Working Papers, Part A and Part B. June 1984, 489 PP'; 
NTIS PB 85·138824. 

3. __ • Computerized Manufacturing Automation: 
Employment, Education, and the Workplace. Final Rep., 
Apr. 1984, 134 PP'; NTIS PB 84-196500. 

4. __ • Automation and the Workplace: Selected 
Labor, Education, and Training Issues. Interim Rep., 
Mar. 1983, 105 PP'; NTIS PB 83·191320. 

The Office of Technology Assessment said that as 
automation and robotics increase the depth and breadth of 
skills for many jobs will change, and more persons should 
be trained as technicians or engineers. A solid back­
ground in mathematics, science, reading. communicating, 
and problem solving are essential for those entering the 
u.s. work force for decades to come. Workers will have 
to be capable of being retrained, perhaps several times 
during their working lifetime, and should have a process 
of continuing education. Some displaced manufacturing 
workers have not been able to be retrained because of a 
lack of basic skills in reading. mathematics, and science. 
One problem that has arisen is a shortage of technical 
instructors and state-of-the-art equipment. Another prob­
lem is that persons most likely to be affected by tech­
nological and economic change, namely those with lower 
incomes and lower levels of education, seem to be the 



least inclined to enroll in courses that would develop new, 
more marketable skills for them. 

5. Husband, T. M. (ed.). Education and Training in 
Robotics. IFS Publ. and Springer-Verlag, 1985, 315 pp. 

Husband claimed that maintenance personnel working 
with the new technologies will have to have skills of a high 
order to be able to diagnose and repair systems that con­
sist of hydraulic, pneumatic, electrical, electronic, and 
mechanical subsystems. The skill is likely to lie in using 
computer-based equipment where on-line sensors are built 
into the equipment. Colleges and universities must decide 
what the curriculum should be for engineers and techni­
cians for the new technologies and train qualified instruc­
tors to teach the courses. Present curriculums are in­
adequate for creating a work force with the requisite 
technical and managerial skills. Proper training both 
before and after the introduction of new technology is an 
important factor in the economic use of this technology. 

6. Carnegie-Mellon University (Pittsburgh, PAl. The 
Impacts or Robotics on the Workforce and Workplace. 
Sch. or Urban and Public Affairs, Dep. or Eng. and Public 
Policy, and Dep. of Humanities and Soc. Sci., June 1981, 
218 pp. 

Students from three departments at Carnegie-Mellon 
University, Pittsburgh, PA, conducted a study on the 
impacts of robotics on the work force and workplace. Two 
industries were studied: newspaper printing and under­
ground coal mining. The students found that the major 
types of retraining at that time were on the job, classroom, 
and institutional. Continuing education was becoming 
more popular as new technology was being introduced. 
Firms were doing a great deal of retraining, but unskilled 
workers were seldom trainable for new jobs. There is a 
difference in the skills required for operation and for 
maintenance. Almost anybody can be taught to operate a 
machine with minimal training. As for maintenance, al­
though the courses needed to learn to repair automated 
and/or robotic equipment are extremely technical, they do 
not involve skills very different from those involved in 
maintaining other pieces of complex machinery. Almost 
anybody who has experience in machine maintenance can 
easily be retrained in this field. 

7. Flynn, P. M. The Impact of Technological Change 
on lobs and Workers. Bentley Coli., Waltham, MA, Final 
Rep., Mar. 1988, 104 pp.; NTIS PB 85-218022. 

Flynn does not believe that a shortage of skilled 
workers lasts very long. For instance, when production 
processes were fll'st automated, there was a shortage of 
workers with the required electronic skills. Initially, firms 
retrained their own maintenance and technical staff. 
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Noting the demand for those with electronics skills, 
colleges and vocational schools expanded the courses they 
offered in this field, and courses were paid for by in­
dividuals or government. As a result of a more plentiful 
labor supply in electronics skills, companies became more 
choosy in whom they would hire and increased the educa­
tional requirements for new hires. 

8. Ayres, R. U., and S. M. Miller. The Impacts of 
Industrial Robots. Robotics Inst., Caraeaie-Mellon UaiV., 
Pittsburp, PA, CMU-RI-TR-81-7, Nov. 1981, 54 pp. 

Ayres and Miller contended that there has been little 
serious discussion of how to cope with the hard reality of 
developing needed new work skills on the one hand and 
how to deal with people who have obsolescent skills on the 
other. Effective training and educational facilities should 
be provided to upgrade workers from skill categories that 
are or will be in surplus supply to skill categories that are 
or will be scarce. Unfortunately, publicly sponsored train­
ing programs have seldom been successful at training the 
"hard core" unemployed for productive jobs. 

9. Mueller, E. Technological Advance In an Expand­
ing Economy: Its Impact on a CrosS-8ectiOD of the Labor 
Force (U.s. Dep. Labor CODtract 81-24-67-(2). Uaiv. MI, 
Final Rep., 1969, 254 pp. 

Mueller studied the impact of advanced technology on 
a cross section of the U.S. labor force. He presented 
several conclusions on the training aspects associated with 
the introduction of Dew technology. Many workers be­
lieved that they needed more training, and few believed 
that they were overeducated or overtrained for their new 
job assignments. The chance that a worker will adjust well 
to new technology is, if anything, enhanced by education. 
Formal schooling was more crucial than vocational courses 
for fitting workers into technologically new work settings. 
Formal education provides verbal, scientific, and tech­
nological training that makes workers more adaptable to 
changes in the job and more able to meet increased job 
demands. Also, on-the-job training seemed to be more 
effective than vocational courses. 

10. Hunt, T. L Robotics, Technology, and Employ­
ment. Paper iD Proceedings of the 1st Interaational 
CODrerence OD Human Facton In ManufacturiDg (LoD­
don, UK, Apr. 3-5, 1984). IFS Publications Ltd., 1984, 
pp.9-15. 

Hunt stated that the existing labor force should be 
prepared for and receptive to the need for training and 
retraining. Since the demographic structure of the U.S. 
population guarantees (unless immigration increases sig­
nificantly) that there will be fewer young people entering 
the work force for years to come, there has to be training 
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and retraining of existing workers. More general training 
rather than narrow vocational training should be em­
phasized. People need to be taught how to think and rea­
son logically so they can adapt more easily to the new 
technologies. 

11. Rasmussen, L B., P. L Jensen, and N. MoDer. 
New Technology and the Quality of Working Life. Paper 
in Proceedings of the 1st International Conference on 
Human Factors in Manufacturing (London, UK, Apr. 3-5, 
1984). IFS PubDcations Ltd., 1984, pp. 149-155. 

Rasmussen, Jensen, and Moller investigated changes 
in qualifications and the need for additional educa­
tion when new technology was introduced into metal fac­
tories in Denmark. They found that the main goal of 
management was to increase productivity while decreasing 
the size of the work force. What management should have 
paid more attention to was educating the work force. 
There is a vital difference between education and training. 
Education gives a deeper insight and understanding of the 
rationality of the system compared to training, which gives 
only the most necessary knowledge and abilities to operate 
the system from given instructions. 

12. Cure, K. G. AMS: Friend or Foe. Paper in Pro­
ceedings of the 1st International Conference on Human 
Factors in Manufacturing (London, UK, Apr. 3-5, 1984). 
IFS Publications Ltd., 1984, pp. 185-192. 

Cure pointed out that a major factor in the Japanese 
success is an adequate supply of engineering skills and 
the necessary training of the work force in order to exploit 
the full potential of conventional and new technologies. 
Also, Japan employs more persons in research and de­
velopment than France, Germany, and the United King­
dom and graduates 10 times as many engineers per year as 
does the United Kingdom. Each industrialized country 
must develop a system of education and training that will 
ensure an adequate labor pool for the technical jobs that 
need to be filled with the adoption of new technology. 
F1exibility in what workers can do, or can be readily train­
ed to do, is required since there are sure to be unknown 
technological developments. 

13. Senker, P. J. Coping with the New Technology: 
'!be Need for Training. Paper in Proceedings of the 1st 
International Conference on Human Factors in Manufac· 
turing (London, UK, Apr. 3-5, 1984). IFS Publications 
Ltd., 1984, pp. 241-248. 

Senker said that the requirement for new skills as fewer 
employees are needed in manufacturing demands extensive 
retraining programs. Of special importance is the training 
or retraining of maintenance personnel, since downtime is 
very costly with the expensive new technology being used. 

14. Oliver, M. V. L '!be Management and TraIning 
Implications of Innovation and Change Due to Advanced 
Manufacturing Technologies. Paper in Proceedings of 
the 1st International Conference on Human Factors in 
Manufacturing (London, UK, Apr. 3-5, 1984). IFS Pub­
lications Ltd., 1984, pp. 249-258. 

Oliver claimed that, despite all of the research that has 
been done, the impact of advanced technology on the 
training needed for managerial, technical, and manual 
skills has not been evaluated in precise terms. The prob­
lem is that new technology never stays still and is ad­
vancing at a faster rate than ever before. As a conse· 
quence, skills that were transferrable from one job or one 
firm to another in prior years are no longer applicable. 
Thus the aim of training should be to develop flexible 
people who can be readily retrained. 

15. Chiaromonte, F. Management and New Tech· 
nologies. Paper in Proceedings of the 2nd Internation· 
aI Conference on Human Factors in Manufacturing 
(Stuttgart, West Germany, June 11-13, 1985). IFS PubD· 
cations Ltd., 1985, pp. 363-370. 

According to Chiaromonte, there is absolutely no doubt 
that the widespread application of new technologies and 
their impacts on management mean that new require· 
ments exist in the field of management training. Pre­
viously, the process of management education was always 
a process of adjustment to a more or less defined model 
Now, there is no accepted model. Management education 
should parallel the changes brought about by new tech­
nologies and should help managers to understand what is 
happening and what will happen. Management education 
or training topics should emphasize attitudes and knowl­
edge suitable to the successful management of innovation, 
concentrate on the use and consequences of new tech­
nology for the organization, and focus on the utilization of 
human resources. 

16. Hagedorn, H. J. '!be Factory of the Future: What 
About the People? J. Bus. Strategy, v. 5, No. 1, 1984, 
pp.3845. 

Hagedorn said that the workers who will be replaced by 
new technology will primarily be unskilled or semiskilled 
and will be less than ideal for retraining. They will tend 
to be older, less educated, less mobile, and more oblivious 
or resistant to the new technology than the average 
worker. For all workers who will be involved with the new 
technology in the future, training will have to be different 
than that given in schools now. However, there is little 
reason to believe that we know how to teach the needed 
new skills, procedures, principles, and concepts to large 
numbers of average people, much less do it efficiently. 
Nor is there much reason to believe that we know who 



these people will be, how to go about selecting them, and 
how to motivate them. Where these people will come 
from and how they will obtain the necessary skills and 
knowledge constitute potential major problems. 

17. Garg, D. P. The Impact of Automation and 
Computer. Integrated Manufacturing on Industrial Em· 
ployment. Pres. at ASME Winter Annu. Meet., Anaheim, 
CA, Dec. 7·12, 1986, 5 pp.; avaUable from ASME. 

Garg, in contrast to Hagedorn, believes that 95% of the 
U.S. work force consists of retrainable workers. However, 
the methods for retraining many displaced workers will 
have to be improved upon, but this is feasible. 

18. McCarthy, P. J. Overview of New Technology 
and Its Introduction to the Australian Coal Industry. 
Paper in Proceedings of a Seminar on Factors lnOuenc· 
ing Underground Productivity (Sydney, Australia, Aug. 21, 
1987). Australasian Inst. Min. and Metall., 1987, pp. 292· 
307. 

McCarthy said that the rate of change of technology in 
coal mining is such that retraining must become a normal 
feature of working life, and financial support should be 
given to workers during retraining. It is important that 
both management and workers be multiskilled. For ex­
ample, electricians should be trained on both conventional 
and solid-state circuitry, and engineers must be knowl­
edgeable in computer science and management. 

19. Frantz, R. L, and R. H. King. Study of the Hu­
man Factors Aspects of an Automated Continuous Min­
ing Section (grant SOI44115). PA State UniV., Final 
Rep., 1977, 305 pp.; NTIS PB 299 945. 

Frantz and King said that with the adoption of auto­
mation in underground coal mines continuing training will 
be required from both workers and management, although 
this training will differ from what is given now. For in­
stance, training programs in electrical, mechanical, and 
hydraulic systems for automatic mining equipment are 
defmitely necessary, with particular attention to be paid 
to diagnosis because component change-out rather than 
repair will be the most practical maintenance technique. 

20. Guterl, F. An Unanswered Question: Automa­
tion's Effect on Society. IEEE Spectrum, v. 20, No.5, 
May 1983, pp. 89-92. 

Guterl quoted the president of an automation con­
sulting firm as saying, ·Our biggest problem is that many 
people who become unemployed are not retrainable. Un­
less somebody has a real flair for the computers used in 
flexible automation, you'll have a great machinist but a 
lousy programmer." On the other hand, a vice-president 
at the John Deere Co. said that successful retraining is 
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simply not a question of intelligence on the part of the 
employee. The teacher is an important part of the equa­
tion. He contended that the persons who run training pro­
grams "don't know how to motivate people. Anybody with 
a reasonable IQ is retrainable. It has been demonstrated 
that if you indicate to an average child he won't learn, then 
he won't learn. This principle holds for laid·off workers as 
well. The problem is also cultural, since it isn't macho to 
be a computer programmer." 

21. Groover, M. P., J. E. Hughes, Jr., and N. G. 
Odrey. Productivity Benefits of AutomatioD Should Off· 
set Work Force DislocatioD Problems. Ind. Eng., v. 16, 
No.4, Apr. 1984, pp. 50-59. 

Groover, Hughes, and Odrey questioned whether the 
worker displaced by automation is capable of being re­
trained in areas requiring scientific and mathematical 
aptitudes. Many of the displaced workers were chosen for 
relatively routine jobs in the first place because of their 
low skill and educational levels. The workers that orig­
inally applied who did have technical aptitudes and some 
basic courses in mathematics and science were seldom 
hired by employers for the more routine jobs because such 
people were considered to be overqualified. 

22. WarDat, W. I. Employment ProJections/Education 
ImplicatioDs for the Robotics IDdustry in the USA. SME 
Tech. Pap. MM84-642, 1984, 11 pp. 

Warnat addressed the problem of hiring and of re­
training workers at companies that introduce robotics. For 
new hires, the majority of occupations within the robotics 
industry are technical in nature and thus require post­
secondary education. Those occupations requiring college 
degrees also require postgraduate study and continuing 
education to maintain competency in the field. Of growing 
urgency is the need for continuous education and training 
of the robot-using manufacturing work force to enable 
ongoing adaption to technological change. However, there 
is likely to be a critical shortage of qualified teachers to 
satisfy the training needs of those who are or will be 
employed in robotics. 

23. Rudinger, R. Social Aspects of Automation and 
Robotics. Pres. at ASME Winter Annu. Meet., Anaheim, 
CA, Dec. 7·12, 1986, 8 pp.j available from ASME. 

Rudinger stressed the importance of improved educa­
tion in America, especially in mathematics, science, and 
the ability to communicate effectively both orally and in 
writing. Continuing lifetime education is becoming neces­
sary for almost all workers. However, retraining of older 
workers is a formidable task since many of them are spe­
cialized and lack a knowledge of fundamentals and prin­
ciples needed to learn new skills. The best approach for 
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older workers is on-the-job training by peers who have 
undergone the required training. Management must stress 
learning and give learning a high priority status. 

24. Hunt, V. D. Industrial Robotics Handbook. In­
dustrial Press Inc., 1983, 435 pp. 

Hunt contended that education and training assume 
ever greater importance as the new technologies are 
adopted, since there is a need for a more technologically 
literate work force with a basic understanding of tech­
nology and mathematics. In addition, a worker with this 
basic understanding is easier to retrain for some other job 
elsewhere in the plant. If the introduction of new tech­
nology into a plant is not to result in unemployment, a 
program of retraining for those workers who are actually 
displaced is necessary so that they can take on other jobs. 

25. Salvendy, G. Human Factors in Planning Robotic 
Systems. Ch. in Handbook of Industrial Robotics, ed. by 
S. Nof. Wiley, 1985, pp. 639-664. 

Salvendy said that not enough attention has been paid 
to the feasibility of retraining workers. This deficiency 
should be remedied by assessing who can be retrained by 
analyzing the skills and knowledge requirements for var­
ious jobs in the new technology, developing either work 
samples or tests that simulate the various jobs, and then 
administering these work samples or tests to displaced 
workers to determine the likelihood of their success in 
mastering the new skills. 

26. Mowrey, D. C., and B. E. Henderson (eds.). The 
Challenge of New Technology to Labor-Management Re­
lations. U.S. Dep. Labor, Bur. of Labor-Manage .• Relat. 
and Coop. Programs, BLMR 135, 1989, 66 pp. 

In a publication edited by Mowrey and Henderson, it is 
stated that the decision to adopt new technology carries 
with it the demand for new skills and knowledge but does 
not determine which individuals should acquire which skills 
and knowledge. Slowly but surely, training, or more ac­
curately organized learning, is becoming an integral and 
continuing part of every job. Learning implies that the 
learner is an active partner in the process, not merely an 
empty vessel into which information is poured. Employ­
ees, in addition to mastering the skills specific to their own 
jobs, are expected to learn the skills of others in their 
work unit. Most employers take for granted that it is 
easier to fire employees with obsolescent skills and replace 
them with already trained outsiders than to retain existing 
employees and retrain them to handle new technology. 
Typically, employers underestimate the ability of em­
ployees to learn new skills, as well as the true fmancial 
costs of hiring and firing and the negative psychological 
effects on the remaining work force, and overestimate the 
costs of retraining. There is a strong link between job 

security and retraining in that if employers do not have the 
option of laying off workers, they have stronger incentives 
to invest in training for these workers. 

WORKER ACCEPTANCE 

1. Office of Technology Assessment (Washington, 
DC). Exploratory Workshop on the Social Impacts of 
Robotics: Summary and Issues. A Background Paper. 
Feb. 1982, 137 pp.; NTIS PB 82-184862. 

The office of Technology Assessment found that ro­
botics was welcomed by workers in Japan because of guar­
anteed employment Gob security), larger bonuses (eco­
nomic incentives), and more interesting jobs (challenging 
jobs with a variety of tasks). 

2. Rushton, D. F. H. Success in Changing Attitudes 
to Help Introduction of New Manufacturing Technology. 
Paper in Proceedings of the lst International Conference 
on Human Factors in Manufacturing (London, UK, Apr. 
3-5,1984). IFS Publications Ltd., 1984, pp. 107-118. 

Rushton claimed that support from employees for the 
adoption and implementation of new technology can be 
aided by obtaining their commitment to planning goals at 
the feasibility stage and by communicating with them at 
each stage of the project. 

3. Goodridge, J. M. Employee Relations and New 
Technology Systems. Paper in Proceedings of the 1st 
International Conference on Human Factors in Manufac­
turing (London, UK, Apr. 3-5, 1984). IFS Publications 
Ltd., 1984, pp. 227-240. 

Goodridge studied employee relations and worker ac­
ceptance of new technology. He claimed that employees 
should be brought into the planning process, because em­
ployee commitment before projects are given fmal sanction 
by management yields enormous advantages in worker 
acceptance and in implementation of the new technology. 
As an example of a country where workers are committed 
and where new technology is accepted by the workers he 
gave West Germany. As an example of a country where 
the workers are not committed and where new technology 
is grudgingly accepted by workers he gave the United 
Kingdom. The difference in attitudes on the workers' part 
in these two countries is due to deficiencies on the part of 
top management in the United Kingdom in developing 
employee trust of management and employee commitment. 

4. Preece, D. A. The Management of the Adoption 
and Introduction of New Technology. Paper in Proceed­
ings of the 2nd International Conference on Human Fac­
tors in Manufacturing (Stuttgart, West Germany, June 
11-13, 1985). IFS Publications Ltd., 1985, pp. 353·361. 



Preece found that those companies that allowed human 
resource specialists to have a significant role in the in­
troduction of new technology were generally successful in 
having the workers accept change, especially if these 
specialists were involved at the planning stage. Human 
resource specialists are those staff members whose main 
responsibilities have to do with employee hiring, pro­
moting, developing, and training. 

5. Spencer, R. W. Robots: Does the Worker Wm or 
Lose? Paper in InteRobot 83 (Proc. lst Annu. Int. Robot 
Conf., Long Beach, CA, June 14-16, 1983), pp.I43-147. 

Spencer said that worker acceptance is mandatory when 
advanced technology is introduced into the workplace; 
otherwise the best engineered and constructed installa­
tion will fail to realize its potential. Parts will disappear, 
equipment will have premature failure, and high downtime 
will result. No matter how well the new technology is 
designed and no matter how well it is made to function in 
testing, sooner or later it must be turned over to the work 
force. Top management is generally the force behind the 
introduction of new technology, so they naturally accept it. 
There is small likelihood that the suggestion came from 
the employees' suggestion box. Middle management ac­
cepts new technology because of top management pres­
sures, even though managers at this level may not want it. 
The foreperson probably sees new technology as a repair 
headache but as a part of management has to accept it. 
Workers view new technology as a threat to their jobs. 
Thus the first step in getting employees to accept new 
technology is for management to determine whether the 
new technology will or will not result in layoffs and how 
employees' work assignments will be changed. Once the 
effects on employment and on work duties are established, 
management should tell employees the truth about the 
effects on their jobs of the new technology and attempt 
to minimize any negative effects. If the company has to 
adopt new technology in order to remain competitive and 
stay in business even though some layoffs may occur, the 
workers should be made aware of this situation and told 
that it is better to preserve most jobs than to lose all jobs. 

6. Robson, I. Managing the Introduction of Robots 
for Factory Efficiency. Paper in Proceedings of the 16th 
International Symposium on Industrial Robots; 8th In­
ternational Conference on Industrial Robot Technology 
(Brussels, Belgium, Sept. 30-0ct. 2, 1986), pp. 1161-1169. 

Robson said that the work force needs to be convinced 
of the benefits to themselves of new technology in order to 
willingly accept it. Negotiations with the workers should 
start as soon as possible since any new technology needs 
motivated and committed people for it to be used effi­
ciently. Training should start even before the new tech­
nology arrives in order to minimize installation time. 
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WORKER COMMUNICAnON 

1. Husband, T. M. (eeL). Education and Training in 
Robotics. IFS Publ. and Springer-Verlag, 1985, 315 pp. 

In a book edited by Husband on education and train­
ing in robotics, the importance of communication with 
workers was stressed. There is a need for awareness of 
what is going on at all levels of the company hierarchy, 
and employee consultation is necessary at each stage of 
implementation. 

2. Goodridge, J. M. Emplo)'ft Relations and New 
Technology Systems. Paper in ProceecIinp or the 1st 
International Conference on Human Factors in Mug­
facturing (London, UK, Apr. 3-5, 1984). IFS PubUcations 
Ltd., 1984, pp. 227-240. 

Goodridge believes that it is incumbent upon orga­
nizations to communicate with workers and to give as full 
a picture as possible of the employment implications when 
a project on introducing new technology is announced. 
Communication with the workers is an early indication by 
the organization that it is concerned over jobs and is a 

. critical factor in developing a constructive working rela­
tionship between management and the work force. 

3. Argote, L, P. S. Goodman, and D. Scbkade. 1be 
Human Side of Robotics: How Workers React to • 
Robot. Sloan Manage. Rev., v. 24, No.3, Spriq 1983, 
pp.31-41. 

Argote, Goodman, and Schkade claimed that manage­
ment should incorporate some feedback mechanism to 
monitor communication effectiveness when new technology 
is introduced since there is usually a discrepancy between 
what management is trying to communicate to workers, 
what the workers receive, and how they interpret what 
they do receive. 

4. Brennan, L 1be Influence of New TechnolOlY on 
the Allocation of Functions Decision. Paper in Pr0-
ceedings of the lst International Conference on Homan 
Factors in Manufacturing (London, UK, Apr. 3.-5, 1984). 
IFS Publications Ltd., 1984, pp. 79-86. 

Brennan found that worker communication in firms 
he had discussions with was undertaken before the instal­
lation of new technology. One or more of the following 
measures were taken: talks with worker representatives, 
interoffice memoranda, instructions on maintenance, de­
partmental meetings, in-depth discussions with the work 
force, and/or full factory meetings. 

5. Owen, D. Information Systems for More Effective 
Maintenance. Paper in Proceedings of the 3rd Canadian 
Symposium on Mining Automation (Montreal, PQ, Can­
ada, Sept. 14-16, 1988). J.-M. Robert, Sainte-Foy, PQ, 
1988, pp. 211-222. 
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Owen discussed the importance of information flow, 
both formal and informal, in the effective management of 
maintenance in underground coal mines. He found that 
in many mines there are poor communications within a 
department, and in nearly all mines there are poor com­
munications between one department and another. The 
skills that were highly developed by those working in such 
an environment were finding excuses, passing the buck, 
and avoiding the issues. There was a lack of orderly infor­
mation available to persons that might have enabled them 
to make more rational decisions. Not only was there a 
lack of factual information, but there was also a failure to 
realize the need for it. 

6. Bauman, M. H., and H. P. Van Cott. Effects of 
an Automated Maintenance Management System on Or­
ganizational Development. Paper in IEEE Fourth Con­
ference on Human Factors and Power Plants. IEEE Servo 
Cent., Piscataway, NJ, Cat. n88chlS76-7, 1988, pp.394-
402. 

Bauman and Van Cott said that communication at 
nuclear power plants was found to be a problem war­
ranting special attention. For instance, communication 
problems were a contributing factor to maintenance per­
sonnel's spending less that 50% of their time in repair 
activities and to maintenance work delays and extended 
outages. A project was undertaken that compared two 
different techniques for improving the maintenance work 
control process: an automated (computerized) mainte­
nance management system (AMMS), and interdepart­
mental coordination meetings. The results were mixed, 
but they did show the importance of matching the func­
tions selected to be included in any AMMS with the 
communications problems existing at the plant. 

WORKER DISPLACEMENT 

1. Ayres, R. U., and S. M. Miller. Robotics and Flex­
ible Manufacturing Technologies: Assessment, Impacts, 
and Forecast. Noyes Publ., 1985, 443 pp. 

Ayres and Miller claimed that the impact of automation 
and robotics on employment in mining, construction, 
transportation, communications, and agriculture will not be 
drastic. These fields will continue to use human workers 
and in most of the same functions such workers currently 
perform. Any jobs that require high-qUality sensory capa­
bility or rapid responses to a changing environment re­
quire human beings. Machines and humans are comple­
mentary, not competitive, since, for instance, specialized 
robots will be wanted for particular tasks or families of 
tasks, not general-purpose robots that are flexible and 
adaptive and with a high level of general intelligence. An 
example is a possible mining robot, which would be an 

armored track vehicle specialized to a specific task such as 
drilling holes and inserting roof bolts. 

2. OfIice of Technology Assessment (Washington, 
DC). Computerized Manufacturing Automation: Em­
ployment, Education, and the Workplace. U.s. GPO 84-
601053, 1984, 471 pp. 

The Office of Technical Assessment stated that pro­
grammable automation (PA) will cause the following long­
term trends in occupations: 

1. A rise in the demand for engineers, computer sci­
entists, technicians, mechanics, repairers, and installers; 

2. A fall in the demand for operators and laborers, 
especially the least skilled doing the most routine work; 

3. A fall in the demand for clerical personnel; 
4. A rise in the demand for upper level managers and 

technical sales and service personnel; and 
5. A possible fall in the demand for lower and middle 

level management personnel. 

3. Carnegie-Mellon University (Pittsbnrgh, PAl. De 
Impacts of Robotics on the Workforce and Workplace. 
Sch. ofUman and Public Affairs, Dep. of Eng. and Public: 
Policy, and Dep. of Humanities and Soc:. Sci., June 1981, 
218 pp. 

A Carnegie-Mellon University report pointed out that 
support personnel have grown from about 10% of the total 
underground coal mining work force in 1890 to almost 
50% in the late 1970's, and the ratio of supervisors to 
workers in underground coal mines increased from 1:100 
in 1890 to U:loo in 1969. Even more support personnel 
will probably be needed with the more advanced mining 
technology that is being or will be developed. 

4. Leontief, W. W., and F. Duchin. De Future Impact 
of Automation on Workers. Oxford Unlv. Press, 1986, 
170 pp. 

S. __ • Impacts of Automation on Employment, 
1963-2000. Abstract and Executive Summary. Apr. 1984, 
29 PP'; NTIS PH 84-191790. 

6. __ • Impacts of Automation on Employment, 
1963-2000. Final Rep., Apr. 1984, 373 PP'; NTIS PH 84-
191782. 

Leontief and Duchin developed a dynamic computer 
model to predict the direct and indirect effects of new 
technology on employment throughout all sectors of the 
U.S. economy between 1963 and 2000. Almost 100 indus­
tries producing goods and services and several consum­
ing sectors, including households and government, were 
represented in the model. Employment in the mining 



industry was broken down into iron and ferroalloy ores; 
nonferrous metal ores; coal; stone, clay, and quarrying; 
and chemical and fertilizer minerals. For coal mining, 
the number of worker-years was projected to increase 
from 290,000 in 1980 to about 550,000 by the year 2000 
under all four scenarios (a different degree of new tech­
nology being adopted under each scenario). The graph of 
worker-years as a function of time showed a steady in­
crease with almost a straight line relationship. For other 
types of mining, the graphs of worker-years versus time 
oscillated (meaning demand for the product varied and 
hence employment) with high peaks of employment at 
times, but by 2000 the number of worker-years was about 
the same as in 1980. 

7. Flynn, P. M. The Impact of Technological Change 
on Jobs and Workers. Bentley Coli., Waltbam, MA, Final 
Rep., Mar. 1985, 104 PP'; NTIS PB 85-218022. 

Flynn analyzed 197 case studies on the effects on em­
ployment at mostly large firms in over a dozen countries 
(108 case studies from the United States) that underwent 
technological change. Only relatively small numbers of 
employees were demoted or given more monotonous work 
and even fewer were displaced. However, those workers 
who were laid off or demoted were those with the least 
potential for obtaining an equivalent job elsewhere. Em­
ployees laid off in declining industries found their skills 
and experience of little value in finding other jobs. Older 
workers were considered to be too old to retrain. Auto­
mation of production processes requiring highly skilled 
workers resulted in their replacement by semiskilled and 
lesser skilled workers in many cases. Some relatively high­
level jobs were created, but these required significantly 
different types of skills than the jobs that were eliminated 
or downgraded and were much fewer in number. 

8. Miller, S. M. Impacts of Robotic and Flexible 
Manufacturing Technologies on Manufacturing Costs 
and Employment. Robotics Inst., Carnegie-Mellon Univ., 
Pittsburgh, PA, CMU-RI-TR-84-23, 1984, 40 pp. 

Miller analyzed the extent to which unit costs and 
production labor requirements might be reduced if there 
were widespread adoption of flexible manufacturing sys­
tems (FMS's), including industrial robots, by metalworking 
industries. Almost half of the tool handlers, over half of 
the metalforming machine operators, about one-fourth of 
assemblers and laborers, and one-eighth of craft workers 
would be displaced. However, no maintenance or trans­
port workers would be displaced. If the highest projected 
level of new technology were introduced, 28.6% of the 
workers in the metalworking industry would be displaced 
(about 15 million workers) and about the same percent­
age in all of manufacturing would be displaced (about 
4.0 million workers). 
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9. Business Higher Education Forum (Washington, 
DC). The New Manufacturing: America's Race To Auto­
mate. Final Rep., June 1984, 41 pp. 

The Business Higher Education Forum contended that 
there will be several implications for workers as automated 
manufacturing increases. In the long term, the use of 
automation in manufacturing should lead to greater wealth 
and higher levels of employment (primarily in the service 
industries). In the short term, uneducated, unskilled, or 
semiskilled factory workers will be displaced in consid­
erable numbers by more efficient machines. However, the 
widespread introduction of advanced manufacturing tech­
nologies is likely to be gradual, perhaps taking decades or 
more. This transition should provide adequate oppor­
tunities to address the issues of worker displacement. 

10. Ouellette, It. P., L W. Thomas, E. C. Mangold, 
and P. N. Cheremisinofr. Automation Impacts on in­
dustry. Ann Arbor Sci., 1983, 186 pp. 

Ouellette, Thomas, Mangold, and Cheremisinoff re­
viewed the impacts of computer automation on employ­
ment in 10 industries. They found that automation had 
frequently been used to replace humans in tasks that are 
monotonous, physically tiring, dangerous, or harmful to 
health. Low-skilled workers were often replaced by ma­
chines, while higher skilled workers were taught how to 
program and operate the equipment. 

11. Cure, It. G. AMS: Friend or Foe. Paper in Pr0-
ceedings of the 1st international Conference on Human 
Factors in Manufacturing (London, UK, Apr. 3-5, 1984). 
IFS Publications Ltd., 1984, pp. 185-192. 

Cure stated that advanced manufacturing systems 
(AMS's) that use automation and robots in every area of 
work cause a number of unskilled, semiskilled, and skilled 
jobs to be eliminated. There will be many new jobs at 
places with AMS's, but these jobs will require increased 
skills. For instance, because factories are becoming more 
capital intensive, downtime is more expensive than ever, 
which means skilled maintenance personnel are needed if 
the increased productivity potential is to be realized. 

U. Lane, J. D., G. Lundstrom, and W. Warnat. Ed· 
ucation Efforts and Implications Facing the World's 
Robotics Industry. Paper in Proceedings of the 14th 
International Symposium on industrial Robots and 7th 
International Conference on Industrial Robot Technology 
(Goteborg, Sweden, Oct. 2-4, 1984), pp. 25-36. 

Lane, Lundstrom, and Warnat claimed that the new 
technology has created a system of employment requiring 
a work force with higher skill qualifications (e.g., reo 
searchers, engineers, technicians, and professional staff). 
At the same time, there has been an increasing reduction 
of unskilled and skilled jobs at the production leve~ even 
those of foremen and first-line supervisors. 
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13. Groover, M. P., J. E. Hughes, Jr., and N. G. 
Odrey. Productivity Benefits of Automation Should 011'­
set Work Force Dislocation Problems. Ind. Eng., v. 16, 
No.4, Apr. 1984, pp. SO-59. 

Groover, Hughes, and Odrey said that new technology 
means fewer workers. These workers will have to be tech­
nically smarter and more versatile than their counterparts 
of generations past. They will include computer program­
mers and operators, maintenance personnel, and technical 
support specialists. 

14. King, J. R. Is There Any Future for Man in Man­
Machine Manufacturing Systems? Paper in Proceedings 
of the lst International Conference on Human Factors 
in Manufacturing (London, UK, Apr. 3-5, 1984). IFS 
Publications Ltd., 1984, pp. 353-358. 

King said that people will continue to be needed in 
the manufacturing systems of the future but in far fewer 
numbers. Generally, they will be on the shop floor to per­
form some installation, maintenance, service, or material 
supply or collecting task. They will do this as quickly as 
possible and then withdraw. 

15. Arayama, A., and P. Mourdoukoutas. Automation 
and Employment Adjustment: A Japanese Case Study. 
Int. J. Manpower, v. 8, No.5, 1987, pp. 8-11. 

Arayama and Mourdoukoutas contended that the im­
pact of new technology on employment can be decom­
posed into three effects: job replacement, job creation, 
and job savings. The jobs of some workers are replaced 
by the new technology while other jobs are obviously 
created in and by this technology. The job savings effect 
refers to the fact that declining or noncompetitive com­
panies that would have had to go out of business and lay 
everyone off manage to survive through their adoption of 
new technology. Some workers are displaced, but others 
keep their jobs and new hires are made. 

16. Warnat, W. I. Human Factors Beyond the Work- . 
place: A Sodal Context for Robotics. SME Tech. Pap. 
MS83-917, 1983, 8 pp. 

Wamat claimed that some of the workers are displaced 
in most job categories when new technology is adopted by 
a company. Even middle level managers, who previously 
were left relatively untouched when companies had lay­
offs, will be displaced in large numbers as automation 
permeates the workplace. However, because of the aging 
of the U.S. population, there will be fewer young and 
middle-aged workers and hence the disappearance of 
unemployment as a persistent problem. 

17. Hunt, V. D. Industrial Robotics Handbook. In­
dustrial Press Inc., 1983, 435 pp. 

Hunt pointed out that even if more jobs are created by 
new technology than are eliminated, most of these jobs 

may be in different industries and/or require different 
skills, which can mean significant worker displacement. 

18. Tanaka, H. Human Implications of Robotization 
in the Worksite: The Japanese Experience. Robotics, 
v. 1, No.3, Oct. 1985, pp. 143-153. 

Tanaka said that automation and robotics have two 
major employment impacts: On the one hand, new tech­
nology induces prodUctivity increases, triggers new indus­
tries, and expands employment, but on the other hand, 
new technology eliminates labor and results in reduced 
employment in the affected industries and in those firms 
directly or indirectly dependent on those industries. 

19. Albus, J. S. Socio-Economic Implications of R0-
botics. Pres. at 1983 World Congr. Conf. on the Human 
Aspects of Autom., Ann Arbor, MI, Aug. 8-11, 1983, 10 pp. 

Albus said that the threat to employment due to ad­
vanced technology is vastly overrated. There is no histor­
ical evidence to suggest that any form of mechanization . 
or automation has ever caused, or will ever cause, a net 
increase in unemployment in any country. Unemployment 
in America is not due to automation and will not be due 
to robotics but is the result of industries that are becoming 
obsolete through a lack of modernization. The new tech­
nologies used in computer-integrated manufacturing will 
create entirely new industries employing millions of people 
in jobs that do not exist today. There will also be many 
jobs in the companies that which manufacture, sell, install, 
and maintain new technology. 

20. Rudinger, R. Social Aspects of Automation and 
Robotics. Pres. at ASME Winter Annu. Meet., Anaheim, 
CA, Dec. 7-12, 1986, 8 PP'; available from ASME. 

Rudinger pointed out that opinions on the long-range 
effects of new technology on employment range from 
optimistic-technology has always produced more jobs 
than it has eliminated-to pessimistic-the new technology 
is different and will cause widespread unemployment. A 
dilemma is that although advanced technology can elim­
inate a significant fraction of the work force (including 
such highly skilled persons as quality controllers, super­
visors, and trainers), not to automate may mean that a 
company is no longer able to compete and will go out of 
business, which means all of its jobs are lost. Also, if the 
foreign competition automates, it solves its unemployment 
problem by creating one in the United States. 

21. Frantz, R. L, and R. H. King. Study of the 
Human Factors Aspects of an Automated Continuous 
Mining Section (grant SOl44115). PA State UniV., Final 
Rep., 1977,305 PP'; NTIS PB 299 945. 

Frantz and King compared four stages of progressive 
and improved mechanization, automation, and remote 
control of underground room-and-pillar mining with the 



system being used at present. They found that with each 
stage of increasing automation, productivity increased 
significantly even though the total number of employees 
also increased. The additional employees were predom­
inantly in management and maintenance. 

12. Bm, A. J. Productivity, Technology, and Orga­
nized Labor. Enterprise, Spring 1982, pp. 21-24. 

Brix contended that although automation is the most 
dreaded job killer in labor's doomsday book, it can be a 
powerful ally in moving toward the ultimate in job security 
as productivity rises. For example, increased productivity 
allows the work week to be decreased from its present 
40 hours, thus providing additional jobs. 

23. Guterl, F. An Unanswered Question: Automa­
tion's EfTect on Society. IEEE Spectrum, v. 20, No.5, 
May 1983, pp. 89-92. 

Guterl mentions that a long-term solution to worker 
displacement due to automation that has been proposed is 
to shorten the work week. The number of hours worked 
per week has steadily declined since the beginning of the 
Industrial Revolution in 1840 when it was 72 hours long. 
By decreasing the work week from the 35 to 40 hours a 
week it is now, the United States could provide well-paying 
jobs for many more of its people, virtually eliminate the 
creation of meaningless make-work jobs for the unem­
ployed, and reduce concern about overproduction. In ad­
dition, and quite importantly, prodUctivity could then be 
stressed and encouraged without reservation. 

24. Picozzi, V. J. Automation for the USA. Paper in 
Proceedings: International Congress on Technology and 
Technology Exchange: Technology and the World Around 
Us (Pittsburgh, PA, Oct. 8-19, 1984), pp. 27-28. 

Picozzi claimed that although programmable automa­
tion (PA) will reduce the need for certain workers, the 
demand for engineers, computer programmers, operators, 
repair and maintenance mechanics, and managers and 
supervisors who understand what is required to operate 
and optimize PA systems will increase. 

25. Segal-Hom, S. The Human Implications of New 
Technology. Manage. Serv., v. 29, No. 11, Nov. 1985, 
pp.9-12. 

Segel-Hom contends that it is impossible for as many 
jobs to be created by the new technology as will be lost 
because of the increased productivity arising from its 
introduction. In addition, new technology facilitates the 
transfer of jobs from the fully industrialized countries to 
the newly industrializing countries where labor is cheaper. 
New technology reduces the skill content of many manu­
facturing jobs, which frees companies from having to 
be located near sources of highly trained, skilled labor. 
Telecommunications and information technology have 
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made it technically feasible to coordinate plants in dif­
ferent parts of the world. However, for a country, indus­
try, or company not to adopt the new technology is to 
invite economic ruin. People in the industrialized coun­
tries must accept unemployment, early retirement, and 
part-time work as permanent fixtures and not as tempo­
rary aberrations. 

26. EbeI, K.-H. 11ae Impact of Industrial Robots on 
the World of Work. Int. Labour Rev. (Switzerland), 
v.US, No.1, Jan.-Feb. 1986, pp. 39-51. 

Ebel contended that where a flexible manufacturing 
system (FMS) is introduced the unskilled and semiskilled 
functions (machine operators, loaders, transport workers, 
stock controllers, etc.) are done away with. The jobs of 
those machinists remaining have reduced skill content. 
Overall, productive activities decline and production sup­
porting activities increase. The requirements for manual 
skills decrease and some skills become obsolete, while 
cognitive skills gain in significance. 

27. Cramer, R. Robots-Doom or Boom? Mod. 
Mach. Shop, v. 57, No.6, Nov. 1984, pp. 74-77. 

Cramer believes that the predicted loss of many jobs, 
a declining economy, labor strife, and all of the evils 
resulting from widespread unemployment due to the in­
troduction of new technology, including robotics, is wrong. 
History shows that productivity improvements increase 
employment in a country, while outdated methodologies 
cause unemployment. Even labor leaders realize that the 
road to progress and the blueprint for the betterment of 
the lot of workers lie in, as always, improved productivity. 

28. Wamat, W.I. Employment Projections/Education 
Implications for the Robotics Industry In the USA. SME 
Tech. Pap. MM84-642, 1984, 11 pp. 

Warnat presented tables based on Bureau of Labor 
statistics showing the projected changes in the number of 
people employed in 21 manufacturing occupations and in 
9 manufacturing job classifications over the next few years 
as new technology is adopted. These tables indicated that 
the manufacturing work force is becoming increasingly 
salaried and white collar and that endangered oc:cupations 
make up a substantial percentage of the work force. 

29. Chamot, D. Human Aspects of Automation: A 
Union Perspective. SME Tech. Pap. MM84-638, 1984, 
8 pp. 

Chamot claimed that the increasing pace of tech­
nological change in manufacturing and the widespread 
application of computers and telecommunications tech­
nologies give rise to serious concern about future employ­
ment. In the past, new technologies were introduced into 
a single industry, or a part of an industry. Any slack that 
occurred in employment could be absorbed in other parts 
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of the business or other sectors of the economy. Today, 
however, work is being transformed throughout manufac­
turing facilities, as well as in warehousing operations, engi­
neering departments, general office environments, agricul­
ture, traditionally labor-intensive service industries, and 
both public and private organizations. 

30. Ayres, R. U., and S. M. Miller. Socioeconomic 
Impacts of Industrial Robots: An Overview. Ch. in 
Handbook of Industrial Robotics, ed. by S. Nof. Wiley, 
1985, pp. 467-496. 

Ayres and Miller claim that the transition to an 
automation-robotic-computer industrial base will not be 
catastrophic on a national scale with massive unemploy­
ment in the United States if new entrants into the job 
market are properly trained and directed. The oncoming 
transition in manufacturing will probably be less dramatic 
than the impact of office automation at least through the 
year 2010. The industries that are candidates for extensive 
robotization are mostly characterized by the presence of 
strong unions and well-established collective bargaining 
procedures. Unions will try to counteract the loss of jobs 
and members by insisting on the transfer and retraining of 
displaced workers and by restricting work rules, decreasing 
the hours worked each week, lengthening paid vacations, 
adding paid personal holidays, guaranteeing employment, 
and providing lucrative early retirements, all of which 
discourage the introduction of new technology by increas­
ing the cost of doing so. 

WORKER INVOLVEMENT AND PARTICIPATION 

1. Goodridge, J. M. Employee Relations and New 
Technology Systems. Paper in Proceedings of the 1st 
International Conference on Human Factors in Mann­
facturing (London, UK, Apr. 3-5, 1984). IFS Publications 
Ltd., 1984, pp. 79-86. 

Goodridge claimed that implementation of new tech­
nology through worker involvement may be as important 
as the new technology itself. The workers should partic­
ipate in any redesign of their jobs and any physical or 
organizational restructuring of the workplace. 

2. Mowrey, D. C., and B. E. Henderson (eds.). The 
Challenge of New Technology to Labor-Management Rela­
tions. U.s. Dep. of Labor, Bur. of Labor-Manage. Relat. 
and Coop. Programs, BLMR 135, 1989, 66 pp. 

In a book edited by Mowrey and Henderson, it was 
stated that the Japanese organize their production systems 
in a way that permits extensive worker interaction with 
technology, and this seems to have had large payoffs. 
Workers are allowed to modify or add relevant functions 
to machines and production systems. Evidence is accu­
mulating from many sources that less rigid forms of work 
organization are more productive than rigidly organized 

ones. For example, in the United States and other coun­
tries, allowing workers to participate in decisionmaking 
and to take over many of the functions associated with 
supervisors, such as production planning, inventory contro~ 
and quality contro~ has resulted in increased productivity. 

3. Lawlor, M. Participation-Involvement: The 
Guiness (Dublin) Experience. Paper in Proceedings of 
the 1st International Conference on Human Factors 
in Manufacturing (London, UK, Apr. 3-5, 1984). IFS 
Publications Ltd., 1984, pp. 17-24. 

Lawlor said that his company managed to stay in busi­
ness by adopting a participative style of management. 
People need to be motivated and happy to use advanced 
technology effectively, and thus should be allowed to share 
in decisions at the local level. 

4. Weir, D. T. H. Organizational Stress and the 
Introduction of New Technology. Paper in Proceedings 
of the lst International Conference on Human Factors 
in Manufacturing {London, UK, Apr. 3-5, 1984). IFS 
Publications Ltd., 1984, pp. 361-373. 

Weir claimed that studies on improved or increased 
participation by workers in management decisionmaking 
have generally focused on how to restructure the organi­
zation to allow worker participation. Insufficient attention 
has been paid to the role of worker participation in im­
proving communications within organizations and in im­
proving the quality of information available for manage­
ment decisions. One of the chief effects of the Quality 
Circle movement as it is practiced in Japan has been to 
provide management with useful information, which allows 
better decisionmaking. 

5. Whaley, G. L The Impact of Robotics Technology 
Upon Human Resource Management. Personnel Admin., 
v. 27, No.9, Sept. 1982, pp. 61-71. 

Whaley claimed that worker participation in planning 
the introduction of new technology into a company is 
important if the anticipated economic and productivity 
benefits are to be realized. New technologies are gen­
erally viewed by workers as reducing job opportunities, 
being imposed on them by management without consulta­
tion, and involving little or no worker participation in deci­
sionmaking regarding their jobs. Workers nowadays ex­
pect entitlement of choice, multiple choices, participation, 
and immediate gratification. 

6. Webb, T. Social and Employment Aspects of Auto­
mation. Pres. at Eng. Design '86 Cont Inst. Mech. Eng. 
(UK), London, UK, 1986, 7 PP'; available from Inst. 
Mech. Eng. 

Webb stressed that employees who will be affected by 
the changes brought about by the introduction of new 
technology should be involved in the planning stage. H 



these employees are not allowed to participate in deci­
sionmaking right from the start, the end result will be 
inefficient use of the systems. 

7. McArthur, D. W. What Good Is Technology HYou 
Are Faced With Disgruntled Employees? The Oftice, 
v. 10, No.1, Jan. 1985, p. 128. 

McArthur stated that managers should allow employ­
ees to participate in decisions. There is no substitute for 
feeling part of a team. It is one of the strongest motivat­
ing factors in the workplace. Workers do not feel as 
though they are part of a team if they are left out of the 
planning stage for new technology. Managers should dis­
cuss plans and solicit ideas from workers. 

8. Smith, M. J., and P. C. Sainfort. A Balance Theory 
of Job Design for Stress Reduction. Int. J. Ind. 
Ergonom., Apr. 1989, pp. 67·79. 

Smith and Sainfort said that worker participation has 
been widely used in,goal-setting approaches. Advocates of 
worker involvement have argued that participative goal 
setting as opposed to assigned goal setting should yield 
increased performance. The assumption is that participa­
tion helps workers to attain higher order ego needs, thus 
leading to increased satisfaction, which in turn strengthens 
motivation and eventually improves productivity. 

9. Argote, L, P. S. Goodman, and D. Schkade. The 
Human Side of Robotics: How Humans React to a Robot. 
Sloan Manage. ReV., v. 24, No.3, Spring 1983, pp. 31-41. 

Argote, Goodman, and Schkade emphasized that man­
agement should involve the workers in ways to minimize 
the changes in social interaction patterns that occur when 
new technology is introduced. Social interaction is very 
important to workers, and altering or eliminating this in­
teraction has negative consequences in terms of the psy­
chological well-being of workers and their productivity. In 
addition, the cooperation of support personnel should be 
obtained by involving them in the planning and imple­
mentation of new technology. 

10. Meredith, J. R. Managing Factory Automation 
Projects. J. Manuf. Syst., v. 6, No.2, 1987, pp. 75·91. 

Meredith observed that the standard advice for intro­
ducing new technology is to bring everyone in the company 
in at the beginning during the planning stage. The argu­
ment is that this will allow employees to understand what 
is happening and why, and how each of them will be af­
fected. However, in practice the design of the new system 
keeps changing, which leads to frustration and decreased 
interest on the part of workers. What should be done is 
to have workers participate in the planning when their 
input will make a difference, 
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11. EbeI, K.·H. The Impact of Industrial Robots on 
the World of Work. Int. Labour Rev. (SwItzerland), 
v. 125, No.1, Jan.·Feb., 1986, pp. 39·51. 

Ebel said that the direct involvement of workers in the 
organization of their work needs should be made a reality. 
Such a procedure can assure their acceptance of and com­
mitment to new technologies and changes in work assign­
ments. It is absolutely essential for workers and their rep­
resentatives to be kept fully in the picture about impending 
automation and/or robotization. Genuine consultation 
and implementation should take place at the plant level 
To be effective, consultation with workers must take place 
before changes are made and not, as is far too often the 
case, only after the major decisions affecting the workplace 
have been made by management. The direct involvement 
of the work force from the start is also the best assurance 
that the new technology will be used efficiently. 

12. Brown, G. R., G. Susman, and E. Trlat. Sodo­
technical Design and Its EfI'ect on Individnal and Gronp 
Performance. Paper in 1st Symposium on Coal Manage­
ment Techniques, Volume I (NCA/BCR Coal Conf. and 
Expo II, Louisville, KY, Oct. 21·23,..1975). NCA, 1975, 
pp.61·70. 

Brown, Susman, and Trist stressed the importance of 
worker participation and autonomy in underground coal 
mining when they looked at soclotechnical design and its 
effect on individual and group performance. They claimed 
that workers must be involved in the creation and innova­
tion of new mining technology and methods so they will 
accept change. 

HUMAN FACTORS AND THE HUMAN­
MACHINE INTERFACE 

Because the number of publications on human-machine 
systems and the human-machine interface is vast and few 
of them are really relevant to this report, only a few rep­
resentative pUblications that discuss human factors and 
cognitive processes will be presented. 

1. Kvalseth, T. O. Design of Man·Machine Systems. 
Ch. in Handbook of Industrial Engineering, ed. by 
G. Salvendy. Wiley, 1982, pp. 6.8.1 to 6.8.9. 

Kvalseth discussed the design of human-machine sys­
tems from the human factors-ergonomics viewpoint. By 
machine is meant anything ranging from simple tools and 
equipment to complex physical processes. The design of 
systems involving persons and machines all too often fo­
cuses on the hardware or machine component while failing 
to give proper consideration to the human component. 
The design relies instead on human versatility and unique 
abilities to take care of any design problems and to make 
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the system work. The proper integration of person and 
machine, which benefits the human operator and enhances 
the overall system performance, is a primary aim of human 
factors or ergonomics. Human operators receive informa­
tion from various displays (dials, counters, lights, charts, 
buzzers, cathode-ray tubes, etc.). They respond by moving 
or exerting pressure on various controls (knobs, wheels, 
pedals, levers, keyboards, etc.) or by using their voice. 
The outputs of the control devices in turn provide the 
input to the machine or controlled system. This system of 
displays and controls interacts with its environment; it 
receives information about the goals or desired outputs of 
the system as well as possible disturbances or noise that 
may affect the various system elements. The layout or the 
location of individual controls and displays in relation to 
each other and to the operator is an important factor in 
human-machine design, affecting system performance, 
safety, and the operator's job satisfaction. Anthropometric 
data (physical dimensions and motions of the operators) of 
the persons who will operate the machine are used for the 
design of human-machine interfaces and work stations. 

2. Weaver, C. L, III. Ergonomics Handbook: Prac­
tical Applications of Man-Machine Engineering. L A. 
Weaver Co., Raleigh, NC, 1984, US pp. 

Weaver wrote about the practical applications of 
human-machine engineering from the ergonomics per­
spective. Topics covered included applied anthropometry, 
biomechanics, illumination, hand tools, work height, seat­
ing, physical space arrangements, controls and displays, 
minimization of manual materials handling, robotics, and 
visual display terminals (VDT's). 

3. Sanders, M. S., and J. M. Peay. Human Factors in 
Mining. BuMines IC 9182, 1988, 153 pp. 

Sanders and Peay presented a broad overview of major 
human factors considerations and issues in the design of 
controls, equipment, and tools with an emphasis on mining 
applications. Special attention was given to the problems 
of seating for low-seam underground mining equipment, 
restricted field of vision in underground and surface min­
ing equipment, egress and ingress in surface equipment, 
and designing for ease of maintenance in all types of 
mining equipment. They also discuss the choice and 
design of information displays. Topics covered included 
visual displays, signal and warning lights, signs and labels, 
auditory displays, and olfactory displays. 

4. Siegel, A. I., J. J. Wolf, and M. R. Lautman. A 
Family of Models for Measuring Human Reliability. 
Paper in Proceedings of the American Society for Quality 
Control Annual Reliability and Maintainability Sym­
posium, 1975, pp. 110-115. 

Siegel, Wolf, and Lautman discussed eight computer 
models for simulating the human component in human­
machine systems. The models emphasized human behav­
ioral variables along with equipment, environmental, and 
crew composition considerations. All of the models se­
quentially simulate the behaviors of human operators and 
maintainers in a human-machine system as they perform 
the necessary tasks or activities required for completing a 
given goal. The human variables considered (only pro­
ficiency and stress were considered in all of the models) 
included proficiency, reaction to IItress, fatigue, physical 
capability, group identification, and aspiration. 

S. Meister, D. A Critical Review of Human Perform­
ance Reliability Predictive Methods. IEEE Trans. Reliab., 
v. 22, No.3, 1973, pp. 116-123. 

Meister summarized the status of human performance 
reliability predictive methods for the human-machine 
system. The overall goals of these methods are to meas­
ure and predict the effect of the operator on equipment­
system performance and the effect of equipment-system 
elements on operator behavior. Most methods output 
probability estimates of successful task-system perform­
ance and completion time but are relatively insensitive to 
equipment design parameters, manpower selection, and 
training needs. 

6. Anderson, J. R. Cognitive Psychology and Its im­
plications. W. H. Freeman and Co., 2d ed., 1985, 472 pp. 

Cognitive systems engineering is based on the findings 
of cognitive psychology. Anderson stated that cognitive 
psychology attempts to understand the nature of human 
intelligence and how people think. It analyzes intellectual 
processes and develops models of mental structures. It 
is dominated by the information-processing approach, 
which analyzes cognitive processes into a sequence of 
ordered stages. Each stage reflects an important step in 
the processing of cognitive information. The information­
processing approach grew out of human factors research 
and information theory. "Human factors," as used here, 
refers to the study of human skills and performance. 
Information theory is a branch of communication sciences 
that provides an abstract way of analyzing the process 
of knowledge. Ideas from human factors and informa­
tion theory were integrated in the development of the 
information-processing approach. The important charac­
teristic of an information-processing analysis is that it in­
volves a tracing of a sequence or serial ordering of mental 
operations and their products (information) in the per­
formance of a particular cognitive task. By information is 
meant the various mental objects operated on. For ex­
ample, consider the question, What are the two most 
common methods used for extracting coal in underground 



mines in the United States? FIrst, each word must be 
identified and its meaning retrieved. Second, the meaning 
of this confIguration of words must be determined, i.e., the 
question being asked must be understood. Third, a person 
must search his or her memory or, if the answer is not 
in his or her memory, go to an external source for the 
answer. Fourth, once the answer is retrieved from mem­
ory or an external source, a plan must be formulated for 
generating the answer in words. Fifth, the plan must be 
transformed into the actual answer. In this case, the 
answer is continuous mining and 10ngwaII. 

7. BolInagel, E., and D. D. Woods. Cognitive Systems 
Engineering: New Wine in New Bottles. Int. J. Man­
Mach. Studies, v.18, 1983, pp. 583-600. 

HoIInagel and Woods advocated the application of cog­
nitive systems engineering (CSE) to the description and 
analysis of complex human-machine systems. Cognitive 
systems engineering can be defined as the application of 
the techniques and knowledge base of cognitive (how 
people think and construct mental models) psychology to 
the design of human-machine systems. The central tenet 
or claim of cognitive systems engineering is that a human­
machine system needs to be conceived, designed, analyzed, 
and evaluated in terms of a cognitive system. This tenet 
is based on the fact that advances in technology, notably 
the growth of computer applications, has changed the 
nature of the human-machine interface from emphasizing 
the worker's physical tasks to emphasizing his or her 
cognitive tasks such as problem solving and decision­
making, thus making a purely technological approach to 
human-machine systems obsolete. In addition, a human­
machine system is not merely the sum of its parts, human 
and machine; the configuration or organization of human 
and machine components is a critical factor in how well 
the system performs. Intelligent action is produced by 
means of an internal mental model or representation of 
the environment. This model is used for planning or deci­
sionmaking, formulating messages to be sent, and inter­
preting messages received. Humans have such internal 
models as do advanced computer systems. Hence, both 
the operator and the machine should be considered as 
cognitive systems. Human engineering and ergonomics 
typically focus on the limits of human performance in the 
physical domain, not on cognitive functions. For example, 
such topics are dealt with as anthropometric limits (e.g., 
can an operator reach a control?) and sensory limits (e.g., 
can an operator see a display or read a label?). Thus, 
human engineering techniques and guidelines are designed 
to identify and correct violations of the operator's physical 
limits. For instance, activity and link analyses are designed 
to determine how much physical movement is demanded 
of the operator or if related controls and displays are 
physically associated. The human engineering approach, 
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though a necessary step in human-machine interface de­
sign, does not and cannot address the problem of making 
person and machine work as an effective cognitive system. 
It does not possess the tools, concepts, and models nec­
essary to analyze and understand human-machine systems 
from a cognitive standpoint. This deficiency is due to 
the influence of behaviorism or behavioral psychology, 
which reduces the human to a black box and focuses on 
what can be observed as stimuli and responses to the 
stimuli. Although human engineering has accepted that 
the perceptual capacity of the operator is limited and in 
many cases deficient, it has given very little consideration 
to how the operator deals with the input information he or 
she has obtained. The need for cognitive systems engi­
neering when designing human-machine systems can be ex­
pressed in another way. A machine or system designer 
works from a model that descn'bes a portion of the physi­
cal world. However, the same designer will attempt to 
build a human-machine interface without a proper model 
that descn'bes the relevant portion of the psychological 
world. One goal of cognitive systems engineering is to 
provide the designer with a realistic model of how a 
human functions cognitively. The models for the physical 
and the psychological worlds are not the same. People 
function according to a psychologic rather than a logic, but 
standard decision theory assumes that the decisionmaker 
is strictly rational. What this means is that the way in 
which humans go about making decisions, solving prob­
lems, thinking logically, making diagnoses, etc. can be 
described by rules and principles developed by psychology 
rather than the rules of logic. The machine designer 
should build a human-machine interface compab"ble with 
human cognitive characteristics rather than one that forces 
the human to adapt to the machine in order for the 
machine to be used efficiently and the human not to de­
velop stress symptoms. But the designer has to be pro­
vided with a clear description of these characteristics and 
with methods and principles that allow him or her to adapt 
machine properties to humans. Hence, cognitive systems 
engineering must develop methods for cognitive task 
analysis that will identify the operator's mental model of 
a system, provide the designer with data on characteristics 
of human cognition, and develop the techniques for build­
ing machines with explicit and appropriate images of the 
user. 

8. Karwowski, W., and M. Rahimi. Work Design and 
Work Measurement: Implications for Advanced Produc­
tion Systems. Int. J. Ind. Ergonom., v. 4, No.3, Nov. 
1989, pp. 185-193. 

Karwowski and Rahimi discussed the importance of 
cognitive psychology for the development of a new gen­
eration of work measurement systems that allow the meas­
urement of work in terms of human mental functioning in 
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complex production environments. They propose a frame­
work based on developments in cognitive systems engi­
neering that take into account human cognitive behavior. 
Cognitive engineering proposes that human-machine (hy­
brid) systems need to be conceived, designed, analyzed, 
and evaluated in terms of human mental processes (oper­
ator mental model that describes the operations and 
functions of the system). Advanced technology requires 
new approaches to work design and measurement that 
cannot be met by traditional time study techniques that 
utilize models of human operator and human-task inter­
action based on physical and physiological levels of de­
scription, not the cognitive ones. The nature of tasks in 
modem production systems has shifted from (and will do 
so even more in the future) those that require perceptual­
motor skills to cognitive activities of problem solving and 
decisionmaking in monitoring and supervisory control of 
tasks. Work measurement systems compatible with the 
requirements of advanced (computerized) production 
systems must be based on the description of human mental 
functions needed for a specific task rather than on the 
description of the task in terms or production time 
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requirements. What is needed is a realistic model of how 
the worker functions cognitively. 

9. Goodstein, L P., H. B. Andersen, and S. E. Olsen 
(eds.). Tasks, Errors, and Mental Models. Taylor and 
Francis, 1988, 342 pp. 

Goodstein, Andersen, and Olsen edited a pUblication 
on tasks, errors, and mental models that focused on cogni­
tive systems engineering. The critical issue considered 
was achieving an integrated relationship between humans 
and machines by engineering the cognitive aspects of 
task performance into the human-machine system. This 
human-machine matching is considered to be crucial in 
order for error-tolerant, more productive, and more reli­
able systems to be developed. Subjects dealt with include 
(1) prologue on sources of a new paradigm for engineering 
psychology, (2) skills, rules, and knowledge (five chapters), 
(3) complexity and cognitive tasks (six chapters), (4) errors 
and faults (five chapters), (5) theoretical and methodologi­
cal issues (four chapters), (6) epilogue on the contributions 
of Jens Rasmussen, and (1) a discussion of cognitive engi­
neering as a new profession. 
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