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operators. It is also expected to be able to evaluate data from elec-
trocardiograms.*9

A less sophisticated device, the “Perceptron,” was designed
by Dr. Frank Rosenblatt, and was used at Cornell University for an
Air Force contract. Experiments were conducted to teach a com-
puter to perceive, much as the human does. The human brain per-
ceives in several stages and at such speeds that it appears to be a
continuous process or an instantaneous act. The Perceptron was
designed to function in much the same manner; it is capable of
learning to recognize letters through a system composed of an array
of 400 photoelectric cells, used as its eyes.?"

Announcements of such machines as the Cyberatron and the
Perceptron have not only caused many misconceptions among the
general public but have also been responsible for disputes among
scientists. Some scientists disagree with the idea that machines can
be compared with the performance of the human nervous system.
Even though there is controversy concerning these machines, scien-
tists continue to seek ways of duplicating the performance of the
human nervous system.5!

It is believed that the whole development of machines which
can “learn” and “think™ is a vital product of the general theory of
cybernetics — the first cousin of automation.32

Finite automation is the last and most important idea of gen-
eral cybernetics. This concept requires careful attention, for it is
an effective means of defining any system which is constructed from
a finite number of parts.

The subjects treated by cybernetics, and of importance for
automation, involve the theory of messages and control. For cyber-
netics unites information theory with control theory, thereby pro-
viding a mathematical basis for automation.?3

If automation had not come when it did, Buckingham wrote
that business firms would have suffered the same fate as did the
Brontosaurus, whose body grew faster than his brain and nervous
system. The Brontosaurus, with his little brain and ineffective
nervous system, could be nibbled to death by small animals before
he know what was happening to him. Fortunately, a whole new

4Thorsten Sellin, ed. “Automation,” The Annals of the American
Academy of Political and Social Sciences, 1962, CCCXL, p. 41.

50Halacy, op. cit., pp. 127-129.

51]bid., p. 129.

52George, op cit., p. 31.

53Amber, op. cit., p. 192.
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science of communication and control, cybernetics, has come to the
aid of management.54

One of the lessons to be learned from cybernetics, as it par-
ticularly applies to automation, is that there is a general tendency
for work being done by a machine to degrade and to deviate from
the norm — a tendency which must be combatted. This natural
tendency to deviate is called “entropy,” a concept which makes up
the main core of cybernetics. “Entropy originally referred to a
mathematical factor which is the measure of unavailable heat in a
thermodynamics system. Cybernetics uses entropy in the sense of
being an index of the state of disorder in any system.”55

Cybernetics explains that a natural tendency exists for all
organized systems to continually lose more and more of their state
of organization, to break down, to increase their “entropy.” Event-
ually, all forms of organizations, such as men, machines, and society
tend to become more random in behavior and less consistent in
their actions until they meet death, breakdown, failure, collapse,
or extinction.?%

The less that an organized system (such as materials or
information) is allowed to disorganize during a production process,
the greater is the cybernetic efficiency. Presently, few concern
themselves with cybernetic efficiency because the control and de-
sign engineers realize that refined design is expensive, and it must
not be wasted, Its use must justify the expenditure involved.?7

Applications

In 1954, the first commercial electronic computer (Univac I)
was introduced to the American business and industrial scene.
Since then the many uses and importance of this electronic marvel
have, without doubt, exceeded the greatest expectations of its
originators.?8 Since 1954, some 40,000 computers have been put
into use throughout the nation. Their uses range from performing
such diverse functions as preparing “junior’s” report card to solving
the complex mathematical problems for space scientists.??

Their many uses, as extensions of man’s muscles and hands,
have helped man in his furtive efforts to increase and improve the

5¢Buckingham, op. cit., p. 53.

55 Amber, op. cit., p. 198.

561bid.

5TAmber, op cit., pp. 201-202.

b8% Automation,” Reader’s Digest 1967 Almanac and Yearbook (Pleas-
antville, New York: The Reader's Digest Association, 1967), p. 427.

59“More Computers Used,” The Washington Post, November 18, 1967,
p. 16.
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products of his imagination. They have also made possible man’s
achieving greater accuracy in the performance of machinery and
other devices used in the industries and laboratories.

The list of uses for computers and computer-controlled equip-
ment is continually growing. At present, these automated devices
are commonly used to perform many functions: produce steel faster
and better, control generating plants for power, control ships’
engines from the bridge, forecast weather, route long distance calls,
and check on plane reservations. State and national government
agencies also commonly employ them for such purposes as income
tax and payroll accounting.

New uses for computer-controlled devices are continually
being reported. At a recent meeting of the American College of
Cardiology in Washington, D. C., Dr. William H. Stewart urged
members of this group to take advantage of the new developments
in computer systems designed for their field. He said that “the
main purpose of the computer in medicine is to free the physician
from tedious, burdensome tasks so that more of his time is available
for direct examination and treatment of the patient.”%° The com-
puter-controlled device demonstrated at this meeting graphically
recorded a speaker’s heart activity, almost simultaneously before
the eyes of the audience. To accomplish this, the electrical activity
of the heart was relayed to a computer in downtown Washington,
D. C., which returned a print-out of its reaction back to the hotel
assembly room. Such results can provide the doctor with a rather
complete history of the patient’s heart condition.

One of the latest computer uses (still in the early stages of
its development) is that of making a voice-controlled computer
“teachable.” Litton Industries’ Mellonics Division, Sunnyvale,
California, has developed — through voice commands — the first
“teachable” system for the control of computers. The computer
responds only to those voices which it recognizes. At the present
time, the firm has delivered one such computer to a Federal intelli-
gency agency. Within the next year and a half, however, the system
will be available for non-classified applicants.

The attributes and operations of the system are described
as follows:

The SIDS (Speech Identification System) is programed so that
“new’” voices automatically can be learned by a computer, even over a
telephone link or other communications medium. . . . Present operating
vocabulary for the computer is about 30 words, and it can identify about

60Nate Haseltine, “Computers Are Hailed As Doctor’s Time-Saver,”
The Washington Post, November 18, 1967, p. 20.
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the same number of speakers, although there essentially is no limit to
capacity. . . . Future systems should have a vocabulary of hundreds of
words. However . . . most basic computers functions should be feasible
with relatively few words. ... Sounds spoken into a microphone or
stored on magnetic tape are processed through a band pass filter system
and analyzed by a power-spectral density processing technique that
looks for speech clues—a pitch, power, frequency, intonation and
others — at a sampling rate of 200 times per second.

Working in real time, the computer then searches a library of
signal patterns and compares the spoken words — now converted into
digital patterns — with this memory. When the input signals match a
word in a computer’s vocabulary, it responds accordingly. Meanwhile
the system has also matched the speaker’s unique vocal characteristics
to the computer’s memory. If the user wants to limit the access to
authorized users, the system will not work unless the individual’s voice
is on file in the computer.®!

Frank Druding, president of the company, claimed that in the
future normal form of communication with computers will be the
human voice. While the human voice does not possess the unique-
ness of fingerprints, it can be used for positive identification — when
used in combination with other things, such as symbols, codes, etc.
One of the problems facing the present technology in voice identi-
fication is achieving the degree of accuracy which will be required.
For it is difficult to obtain a high degree of accuracy (95% or
better) of voice identification because of the day-to-day voice
fluctuations (due to colds, hoarseness, and other factors). In order
to eliminate these voice changes and achieve this high degree of
accuracy, more costly research will be involved. Thus, all of the
problems have not been solved, but company officials hope to have
these under control within the next few months.62

The forecast of applications for the voice controlled computer
will include not only military uses but civilian as well. One of the
suggested non-military uses is as an identifier of credit card users.
A customer’s voice would be recorded on a magnetic tape and filed
with each firm where he has an account. When the firm is called,
the computer will be able to confirm the identity of the customer’s
voice. Once this identification is made, the business transaction
may be completed.3

Predicting a checkless society, as one of the outcomes of com-
puterized banking, was one of the prognostications at a recent

S1Robert Lindsey, “Voice Controlled Computer is Teachable,” Aero-
space Technology, XXI (October 9, 1967), p. 52.

G2Ibid., pp. 52-53.

631bid.
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meeting of the Washington, D. C. Chapter of the American Banking
Institute. George W. T. Christman of the Data Division of the
Chesapeake and Telephone Company described the means by which
telephones will be used in the future in individuals’ banking trans-
actions:

I dial my bank’s computer. ... The computer answers and signifies by
returning an audible tone. I enter my account number. The computer
responds with my balance. T enter the account number for Pepco fol-
lowed by the amount due. The computer responds with my new balance.
I continue with the gas company, telephone company, Central Charge,
ete.

That is all that I am required to do. No check to write, envelope
to address or stamp to lick.... My statement at the end of the month
will reflect these payments. We are also attempting the Post Office —
It also has a problem.5

Postmaster General Lawrence F. O’Brien urged ideas for the
innovation of more rapid devices which would assist in the pro-
cessing of mail by the 1970’s. O’Brien implied that ZIP codes,
presorting, and human optical scanning will not be enough to
handle the flow of mail — which in 1967 was eighty billion pieces
and by 1987 is expected to reach one hundred and thirty nine
billion. By 1971 ZIP coding and scanning concepts will be replaced
by key-punch computers. The method which will then be used will
operate as follows:

Letters would pass one at a time in front of the operator . . . who
would route them down a certain chute with a push of a button.

This plan calls for a piece of invisible tape to be stuck to each
envelope as it enters a post office. The tape would be coded in computer
language, and the letter could be sorted the rest of its route by com-
puter.5s

The computer, since its introduction as a decision-making
device, has helped to make automation what it is today. There is at
the present time, however, one limitation. A computer has not yet
been designed which will substitute for man’s thinking ability, nor
for his imagination. This present absence should not imply that
such capacities as thought and imagination will not eventually be
built into a computer — or a possible successor, whatever form this
device might assume. Because we live in a time of innovations,
modern man has ceased to be amazed or surprised in seeing what

64“Checkless Society Seen Far Distant,” The Washington Post, Novem-
ber 15, 1967, p. 8.

65Robert Levey, “Machinery Sought to Put Zip in Mail,” The Wash-
ington Post, November 4, 1967, p. 20.
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he used to think impossible become, not only possible, but in many
cases inevitable.

Effects

The effects of technological changes are seldom simple and
clear cut; their ramifications reach all levels and aspects of our
industrially oriented society, often without too much concern for
the status quo and with little anticipation of future effects. The
products of technology occasionally result in bringing about eco-
nomie, political, social, and often moral problems. The societal
leaders must, therefore, visualize these overall effects: their ad-
vantages and disadvantages as well as the degree of society’s
acceptance or rejection.

1. Industrial Implications. Dr. Elmer W. Engstrom, then
Senior Executive Vice-President of Radio Corporation of America,
offered the following four concepts of automation:

1. The movement to automation is a natural one under developing
circumstances of our technology and the growing need to increase pro-
ductivity. The factors which move industry into automation are so deep
rooted and profound that this movement will continue even though the
changes involved will create problems. There is a need for a clear un-
derstanding so as to minimize the growth problems as they appear.

2. The rate of the movement to automation and its effective use
in industry and commerce will be determined by the economics of the
enterprise as a whole and of its parts under the impact of automation.

3. To be effective and efficient, automation must be considered as
a method of doing business — as a working arrangement of the whole
business, where the enterprise must be treated as an integrated system.

4. Automation may make an industrial unit more flexible as to
product manufactured but the economics of automation will require
that the facility and the people who man it must be kept continuously
engaged. This will mean a nearly continuous flow of goods requiring
new merchandising procedures so as to absorb this flow of goods.%¢

Engstrom went on to present the following views concerning
the broad meaning of automation, its evolution, as well as its
present and future meaning for our industrial, commercial and
everyday life. He substantiated the premise that the Industrial
Revolution which started a long time ago still continues as an
evolutionary process, bringing about changes in methods of pro-

SiElmer W. Engstrom, “Automation,” (Address delivered at the Cen-
tennial Symposium on Modern Engineering, Philadelphia: University of
Pennsylvania, November 11, 1955), pp. 15-16. (Published by the Department
of Information, Radio Corporation of America, 1955).
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duction through gradual replacement of various sources of energy
— from that of human, to horse power, and then to machine power
— in order to accomplish the complex and varied phases of a pro-
duction task. He listed the aspects of a production process as
follows:

1. The production of articles of manufacture including the re-
lated elements of raw materials, facilities and labor.

2. The transport of raw materials, partially manufactured articles,
and completed articles through the marketing channels to the customer.

3. The marketing of the completed articles, reflecting the com-
petitive situation and customer acceptance.

4. The financing, beginning with raw materials facilities, and
labor, and ending with billing and collecting from the customer.57

He also inferred that with the introduction of automation
into any production process, two or more steps would be included
in the total process, for it is possible to control and to program
each preceding (or any combination of) steps through the feedback
feature of the system. That is to say, if any part of the system is in
need of more raw material, this deficiency could be relayed to the
control, which in turn would make the necessary correction.
Through the electronic control system the automation process
would continue the “Untouched By Human Hands” feature.®$

2. Safety Implications. Supposedly one of the advantages
of automation was that it would provide improvements in the safety
conditions in industry. According to one source, this advantage has
been evident, but not without some reservations. First, it will cut
down hazards to which machine operators are exposed. Secondly,
it will eliminate some injuries due to materials’ handling. Third, it
will bring a sharp increase in maintenance workers, who historically
have a higher incidence of injuries than machine operators or man-
ual workers. Finally, workers replaced by automation will seek
employment in other activities which may be equally as hazardous
as former occupations.®?

Thus, in reducing accidents in one industrial activity, the
potential for an increase in accidents in another is created. There is
also the possible increase in accidents in off-the-job activities. For
as the industrial worker has less to do with the actual manual
operation of automated production, this increased production po-
tential will eventually enable him to have shorter working hours.

671bid., p. 4

687 bid.

69 Aytomation Will Not Eliminate Accidents,” Safety Standards, VIII
(November-December, 1959), p. 5.
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There will be more opportunity for his leisure time activities. And
it is during these ofi-the-job periods that more and more accidents
are occurring. The sportsman, the hobbiest, and the “do-it-yourself-
happy-home-owner” do not always exercise the best knowledge or
practice those safety precautions emphasized by his employer.

3. Educational Implications. Peter Drucker, a well-known
management expert, offered the following ideas concerning the
impact of automation and its effect on education:

As far as the average citizen is concerned, automation’s greatest
impact will not be on production technologies and will not be on em-
ployment. The greatest impact will be on our intellectual and cultural
life. Automation, after all, is first and foremost an idea. It is an idea
which organizes other ideas, and its impact on ideas accounts for the
far-reaching implications.™

The results of man’s insights ultimately bring about changes,
changes which often eliminate or reduce previous opportunities; but
with the introduction of new changes come new opportunities de-
manding new skills and knowledge.

Drucker commented further on the effects of such an impact:

A society in which automation has become a governing concept
of production and distribution is, of necessity, an “educated society.” It
is a society in which knowledge rather than man’s animal energy is
the central resource.™

The society whose industrial facilities become highly auto-
mated needs more knowledge power than physical power. These
conditions require a society to provide educational opportunities
for those with the intellectual capacity to be offered advanced edu-
cation. It is only within the last thirty years or so that knowledge,
rather than brawn, has been considered an economic resource.

Drucker cited the example of a young mathematics student
in England whose family was disappointed in his selection of
mathematics as a vocation. During the period of 1930 and before,
mathematics was not considered a desirable and salable skill. The
only opportunities at that time were those of a poorly paid school-
master. During this period, opportunities for the educated person
were confined to the standard professions of the time, such as “the
law, the church, the army, medicine and the civil service.”72

Today, due to the demand for talent by business, government,
and industry, a person may select from a wide variety of employ-

Peter F. Drucker, “Education in the New Technology,” Think,
XXVIII June, 1962), p. 3.

T1Ibid.

21bid., p. 4.
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ment opportunities. Again, Drucker emphasized that the greatest
employee increase is in the “knowledge employees” group, and
these are not completely in the “boss” or “worker” category. Ac-
countants, sales managers, operations researchers, and many others
fall intc the worker class, and not in management as such.?

In reference to this relationship between the changing tech-
nology and its educational implications, Drucker suggested that
we may need a change in the very idea of “skill.” For instead of
a skill being thought of as what one has learned, it will have to be
considered as one’s capacity to learn, that is, the capacity to apply
ideas regarding work to new tasks. Instead of an 1. Q., Drucker
suggested an S. Q., “a skill quotient that measures the ability of a
man to transfer experience from one kind of material and one set of
tools toc new materials and new tools.”74

William G. Mather also emphasized the necessity of flexibility
in learning skills and pointed out some pitfalls in teaching just
manipulative skills. Automation admittedly eliminates jobs. Us-
ually the jobs that are the first to ge are those which require low
skills or are in the “operative” class (where machines are able to
replace the human worker easily). As more and more of these situ-
ations occur, industry must prepare for increased in-the-plant-
training for new positions and up-grading skills in order to maintain
a reservoir of qualified personnel.75

As automation is beginning to affect pecple in all levels of
society, our educational system must, therefore, develop new and
more comprehensive programs in order to provide adequate edu-
cation for all members of society.

Selected Bibliography

Amber, George H. and Amber, Paul S. Anatomy of Automation. Engle-
wood Cliffs, New Jersey: Prentice-Hall, Inc., (¢), 1962.

“Automation.” Reader’s Digest 1967 Almanac and Yearbook. Pleasant-
ville, New York: The Reader’s Digest Association, 1967.

“Automation Will Not Eliminate Accidents.” Safety Standards, VIII
( November-December, 1959), 5.

Bagrit, Sir Leon. The Age of Automation. New York: The New Ameri-
can Library of World Literature, Inc., 1965.

31bid.

TJbid., p. 5.

wWilliam G. Mather, “When Men and Machines Work Together,”
Automation, Education and Human Values, ed. by William W. Brickman
and Stanley Lehrer (New York: School and Society Books, Society for the
Advancement of Education, Inc., 1966), pp. 40-41.



Automation and Cybernetics 233

Bell, D. A. Intelligent Machines. New York: Blaisdell Publishing Com-
pany, 1962.

Bethel, Lawrence L. Industrial Organization and Management. New
York: McGraw-Hill Book Company, 1956.

Bittle, Lester R., et al. Practical Automation: Methods for Increasing
Plant Productivity. New York: McGraw-Hill Bock Company,
1957.

Bright, James R. Automaiion and Management. Boston: Division of
Research, Graduate School of Business Administration, Harvard
University, 1958.

Buckingham, Walter. Automation. New York: Harper & Brothers, 1961.

Burlingame, Roger. Machines That Built America. New York: The New
American Library of World Literature, Inc., No date.

Chorafas, Dimitris N. Faetory Automation. Washington, D. C., Catholic
University of America Press, 1958.

Diebold, John. The Advent of the Automatic Factory. New York: D.
Van Nostrand Company, Inc., 1952.

Dreher, Carl. Automation: What It Is, How It Works, Who Can Use It.
New York: W. W. Norton and Company, 1957.

Drucker, Peter F. The Practice of Management. New York: Harper
& Brothers, 1954.

. “Education in the New Technology.” Think,
XXVIII (June, 1962), 3.

Einzig, Paul. The Economic Consequences of Automation. New York:
W. W. Norton and Company, 1957.

Engstrom, Elmer W. “Automation.” Address delivered at the Cen-
tennial Symposium of Modern Engineering, Philadelphia: Uni-
versity of Pennsylvania, 1955.

Ford Motor Company. The Evolution of Mass Production. Dearborn,
Michigan: The Ford Motor Company, 1956.

George, F. H. The Brain as a Computer. Reading, Massachusetts:
Addison-Wesley Publishing Company, Inc., 1962.

Graham, E. C., ed. The Basic Dictionary of Science. New York: The
Macmillan Company, 1966.

Halacy, D. S. Computers — The Machines We Think With. New York:
Dell Publishing Company, Inc., 1962.

Harder, Delmar S. “Automation: A Modern Industrial Development.”
Automation, I (August, 1954), 46-52.

Haseltine, Nate. “Computers Are Hailed As Doctor’s Time-Savers,”
The Washington Post, November 18, 1967.

Hilton, Alice. Logic, Computing Machines and Automation. Washing-
ton, D. C.: Spartan Books, 1963.

LeGrand, Rupert. “Ford Handles by Automation.” American Machin-
ist, XCII (October 21, 1948), 107-122.

Levey, Robert. “Machinery Sought to Put Zip in Mail.” The Washing-
ton Post, November 4, 1967.



234 A Historical Perspective of Industry

Lindsey, Robert. “Voice Controlled Computer is Teachable.” Aerospace
Technology, XXI (October 9, 1967), 52.

Mather, William G. “When Men and Machines Work Together.” Auto-
mation, Education and Human Values. Edited by William W.
Brickman and Stanley Lehrer. New York: School and Society
Books, Division of the Society for the Advancement of Education,
Inc., 1966.

Powers, M. L. “Automation — What It Means.” Petroleum Refiner,
XXXV (January, 1956), 253.

Rusinoff, Samuel E. Automation in Practice. Chicago: American Tech-
nical Society, 1957.

Sellin, Thorsten, ed. “Automation.” The Annals of The American
Academy of Political and Social Sciences, 1962. Vol. CCCXL.

U. S. Congress. Automation and Technological Change, Hearings before
the Subcommittee on Economic Stabilization of the Joint Eco-
nomic Report, 84th Congress, 1st session, 1955.

The Washington Post. “Checkless Society Seen Far Distant,” Novem-
ber 15, 1967.

. “More Computers Used,” November 18, 1967.

Webster’'s New World Dictionary, College Edition. Cleveland: The
World Publishing Company, 1957.

Wiener, Norbert. Cybernetics. Cambridge, Mass.: M. I. T. Press, 1948.

. Ex-Prodigy. Cambridge, Mass.: M. I. T. Press,

1953.

. The Human Use of Human Beings. Garden City,
New York: Doubleday and Company, 1954.



Index

AFL — CIO Federation 178, 186
Absenteeism, 204
Acceptance, need for, 202
Accuracy, of measurements, 125
Affection, need for, 202
Aggregate income, 157
Agriculture —

and factory system, 118

and industrial revolution, 96

nature of improvements, 97

productivity and industrial

revolution, 94

Analysis —

of Della Vos, 18

trade and job, 19
Animal husbandry, 97
Animals, domestication, 49
Apprenticeship, 66
Apprentices —

in guild system, 78

in industrial revolution, 101
Approval, need for, 202
Art —

of craftsman, 76

of early man, 50

and work, 74
Artist, status of, 756
Assembly, in mass production, 127
Assembly work, dislikes in, 203
Attitudes —

factors in work, 201

of workers, 190, 201
Australopithecines, 33, 34
Authority —

and control, 167

and management, 162

of managers, 164

Automation, 92, 189, 210
definitions, 211
effects of, 229
as evolution, 213
finite, 224
of grain mill, 127
implications for education, 231
and production records, 210
types of, 218

Automatism, of tools and
machines, 115

Banking, computer in, 227
Bargaining —

collective, 181

role of union leader, 186
Behavior —

patterns of man’s, 38

and symbols, 40
Belonging, need for, 176
Bone, for tools, 54
Boycott —

secondary, 180

as union power, 180
Brand name, role of, 139
Bureaucracy —

causes of, 172

industrial, 170

reasons for, 171
Burial, early forms, 37
Business, responsibility of, 139

Capital —
and industrial revolution, 95
and interest, 156

Capital goods, 135, 154

Capitalistic economy, 82
system, 80

235



236 Index
Capitalism, 130-160
American, 135
defined, 132
as economic system, 83
evolution of, 136
exploitive, 141
and social responsibility, 141
state, 148
Carpentry, origin of, 55
Carrington, 53
Caves, and early man, 36
Chancelade man, 37
Change, and economic systems, 138
Child labor, 100, 102
Children, protection of, 146
Choice, free, 132
Church, and technology, 74
Civilization, developed through
technology, 72
Clock, importance in precision
concept, 124
Closed-loop, 216
Closed shop, 180, 181
Coal, role in industrial revolution, 105
Collective bargaining, 181
process of, 182
Collectivism, as economic system, 83
Colonization, 146
Combe Capelle man, 37
Commerce, development of, 63
Commercial economy, 82
Communications —
and automation, 214, 215
and cybernetics, 219
and industrial revolution, 98, 110
Communication theory, and
cybernetics, 221
Communism —
and capitalism, 138
as economic system, 83
Community, self-supporting, 61
“ommunity projects, 139
Competition —
and capitalism, 130, 133
role of, 142
Computers —
and automation, 212, 228
concept, 217

and cybernetics, 222

learning of, 223

types, 222

uses and development, 225

voice taught, 226
Concepts —

organizational, 26

roles in curriculum, 25
Consumer —

requirements of, 16

in society, 159
Consumer goods, 153, 154
Consumption —

and income, 156

in society, 43
Continuity, as element of mass

production, 128

Contracts —

and capitalism, 133

freedom, of, 132

and government, 146
Control —

and automation, 214, 215

and cybernation, 219

as management function, 167
Conveyors —

early use, 214

and synchronization, 127
Corporation, development of, 90
Cow, domestication, 50
Craft guilds, 68, 77
Crafts —

defined, 75

and unions, 177
Craftsmanship, 75
Craftsmen —

as class, 63

status of, 42, 75

in village economy, 77
Credit economy, system, 80
Cro-Magnon man, 37
Crusades, effects of, 63
Culture —

evolution of early, 38

function of, 39

history of, 26

nature of, 38, 39

patterns of, 43



Curiosity, need to satisfy, 202
Custom work economy, 81
Cyberatron, 223

Cybernetics, 218

Data processing, and automation, 212
Demand, and supply, 153
Democracy, and business cycles, 158
Demonstration strike, 180
Depression, 149
growth, 150
Digital computers, 222
Direction, as management function,
166
Discipline —
as approach to industrial arts, 27
and bureaucracy, 172
and curriculum development, 25
defined, 22, 23
industry as, 28
inter-, 28
nature of academic, 22
structure of, 26
Discrimination —
and competition, 130
and monopoly, 136
Distribution, systems of, 43
Dog, domestication, 49
Dues, union, 187

Economic stages, 81
Economic strike, 180
Economics, of industrial revolution,
96
Economic systems, 79
of culture, 44
elements of, 42
Economy, stages of usufacture, 62
Education —
and automation, 211
and child labor, 102
as function of management, 167
and government, 145
and promotions, 193
Efficiency concept of, 190
Elections, union, 185
Employees —
attitudes toward work, 194

Index 237

motivation of, 175

freedoms of, 133
Employment,. to Keynes, 148
Enclosure, as land practice, 94
Engineering —

early status of, 73

Roman, 74
England, before industrial

revolution, 93

Enterprise, free, 132
Entrepreneur —

and guilds, 119

role of, 64
Entropy, 225
Environment —

and life, 32

man’s improvement of his, 209
Eoliths, 53
Evolution, nature of, 32
Exchange, absence in family

handicraft, 61

Exchange systems, economic, 81
Executive management, 164
Experimentation, and science, 120

Factory system, 72, 90, 93, 118, 123
automatic, 220
defined, 119
establishment of, 70
social impact of, 191

Family —
form and function, 41
usufacture unit, 62

Family economy, 82
system, 79

Farming, evolution of, 48

Fascism, as eccnomic system, 83

Feather-bedding, 193

Federations, unions, 187

Feedback, 215
and cybernetics, 220
importance of, 223
negative, 221

Fertilization, 97

Finance, 230

Finite automation, 224

Fire —
importance of, 45
use by man, 36



238 Index

Fishing, early methods, 47
Fixtures, 126
Flint —
discovery of, 46
shaping, 54
Food —
and industrialization, 73
man as gatherer, 45
and societal growth, 51
Freedom —
and capitalism, 130
and industrial revolution, 95
economic, 132
Free enterprise, 133
Free enterprise economy, 82
Free labor economy, system, 80

Gage blocks, 125
Genetics, 32
Geography, and industrial
revolution, 95
Goals, of society, 43
Gold standard, 146
Government —
and business cycles, 158
and capitalism, 130, 133
and depression, 150
and industrial revolution, 99
Keynesian role, 149
and labor unions, 177
regulation of industry, 101
role of, 142, 144
role in transportation, 145
and socialism, 137
Governor, inventions, 108
Grimaldi man, 37
Grievances, 181
procedure for, 182
Gross national product, 157
Groups —

role in business organization, 169

control by, 169

man’s need for, 176

at work, 199

of workers, 199
Guilds, 63

as economic system, 84

handicraft, 65

role of, 77

Guild system, 67, 118
factors in demise, 119

Handicraft —

definitions, 59

retail, 63

stages of retail, 64

as system, 84

wholesale, 64 65
Handicraft system, 118
Hawthorne experiment, 140
Hawthorne study, 191
Heirarchy, of bureaucracy, 170
Homo erectus, 33
Homo habilis, 33, 35
Homo Neanderthalensis, 36
Homo sapien, 33, 35-36
Horn, for tools, 55
Horticulture, 52
Human relations, 139, 191

and work, 198-200
Hunting —

of early man, 35, 45

methods of early man, 47

of Neanderthal man, 37

Incentive pay, 198
Incomes —
as base of economy, 152
and capitalism, 133
personal, 153
and savings, 157
and status, 198
uses, 153
Independence, need for, 202
Industrial arts, functions of, 17
Industrial capitalism, 136
Industrialization, 90
history of, 209
Industrial psychology, 195
Industrial revolution, 78, 89-113
achievements of, 122
causes, 95
definition, 90
Industrial union, 178
Industry —
functions, 16
guild organization, 67
as institution, 15
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interdependence of, 96

and mass production, 128

nature of, 27

study of, 17

and unions, 178
Inheritance, in society, 44
Inspection functions, 168
Instruments, and machines, 114
Interest —

example of, 155

function of rate of, 157

as Keynes concept, 154
Interchangeability, and mass

production, 126

International union, 186
Invention —

in industrial revolution, 96, 103, 110

result of need, 105

in textile industry, 108
Investing, by government, 152
Investment —

inducement to, 156

Keynesian role, 151
Iron, role in industrial revelution, 104
Ivory, for tools, 55

Java man, 35
Jigs, 126
Job —
automation as threat to, 210
as identity, 15
concepts of, 204
Job analysis, 162
Jobs, and automation, 232
Journeyman, in guild system, 78
Jurisdictional strike, 180

Keynesianism, 147
Knowledge —
and bureaucracy, 171
and industrial revolution, 99
need for, 232
role in curriculum, 25
structures of, 26

Labor —
and capitalism, 133
division in early workshop, 71
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division in handicraft system, 67
division of, 42, 93, 143
early specialization, 52
family division of, 61
and government, 147
in guilds, 118
in industrial revolution, 95, 100, 102
status of, 75
strength of, 178
Labor systems, economic, 81
Labor unions —
development, 177-178
meet psychological needs, 176
See also Unions
Laissez-faire, 82, 101, 131, 142
Language, as symbol, 40
Learning, of culture, 40
Leisure, and automation, 211
Leisure time, 231
uses, 176
Life —
classification of forms, 33
evolution of, 32
origin of, 31
Life span, 32
Line organization, 168
Locals, of unions, 184, 186

Machinery —
and craftsmen, 76
use in agriculture, 97
Machines —
automatic, 117
and bureaucracy, 172
early definition, 116
development of, 210
in early workshops, 71
in industrial revolution, 92, 93
and inventions, 111
and labor skill, 192
and machine-tools, 118
parts of, 116
power for, 116
purposes, 116
replaced tools, 122
resistance to, 121
role in capitalism, 135
and tools, 114
and work interest, 196
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Machine-tool, 117

role in industrial revolution, 122

Man —
evolution as producer, 28
evolution of, 33
features for survival, 38
food of early, 44
and mass production, 188
needs of, 176, 202
origin of, 31-38
psychological needs of, 176
Management —
automation as form of, 214
in capitalism, 142
and cybernetics, 220
defined, 161
definitions, 163
functions of, 163
government control of, 146
of labor unions, 184
levels of, 164
middle, 165
role of, 161-174
of workers, 206
Manager —
professional, 163
status of, 162
Manor —
as community, 61
decline of, 85
as economic system, 84

Manual Training Movement, 18-19

Manufacturing —
in central workshop, 70
evolution of systems, 83
family, 60
in industrial revolution, 108
processes of, 189
Market —
handicraft concept of, 63
and laissez-faire, 143
and prices, 139
in wholsesale handicraft, 65
Marketing, 230
Markets —
and factory system, 118
and guilds, 119
and industrial revolution, 95

Mass production, 90, 123,
and automation, 214
principles of, 124
and worker, 188

Master —
in guild system, 78
as manager, 162

Master craftsman, 66

Materials, and industrial revolution,

95, 104

Mathematics —

and cybernetics, 221

and science, 120
Measurement —

in feedback, 215

in mass production, 124

and standardization, 126
Mechanics, statistical, 221

Mechanization, and automation, 213

Medicine —

computer in, 226

and industrial revolution, 100
Medieval economy, 82
Memory, 215
Mercantile economy, 82

Mercantilism, and laissez-faire, 142

Merchant —
evolution of, 65
service of, 64
Merchant capitalism, 136
Merchant guild, 68
Metals, discovery of, 56
Methods —
in curriculum, 25
as direction function, 166
Middle management, 165
Migration, of early man, 47
Mining, and industrial revolution,
104
Minorities, and capitalism, 137
Missing link, 34
Mobility, of worker, 190
Monetary system, in society, 42
Money —
and capitalism, 131, 133, 154
and factory system, 119
in Keynesian economics, 131, 148
in usufacture stage, 84



Money economy, 85
system, 80
Monopoly —
and capitalism, 130
and discrimination. 136
guild as, 69, 119
and industrial revolution, 98
and laissez-faire, 142
and patent, 215

National economy system, 79
National states, rise of, 85
National union, 186

Natural selection, 32
Neanderthal man, 36

Needs, of man, 202
Negotiations, unions in, 185
Noble, status of, 75

Objectives —
and managers, 164
manual training, 19
as methods of direction, 166
progressive education, 20

setting by executive management,

165

and workers, 195
Open-loop, 215-217
Opportunity, freedom of, 138
Optical scanning. 228
Organization —

automation as form of, 214

informal, 168

of labor unions, 184

management as, 163

as management function, 165, 166,

167
mass production as system, 123
as union power, 180
Organization chart, 168
Owner, and manager, 161

Parts, production as concept of
interchangeability, 126

Patent system, 215

Paternalism. 162

Peking man, 35

Perceptron, 224
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Personnel function, 168
Philosophy, of work, 73
Physiological needs, 202
Picketing, as union power, 180
Pithecanthropus, 36
Planning, and bureaucracy, 172
Plantation, as community, 61
Plant husbandry. 97
Plants. domestication, 49
Plow, evolution of, 56
Plutocrat, 141
Policies, of unions, 185
Policy, and management, 164
Population, and industrial revolution,
95,
Poverty —
and production, 138
and wealth, 150
Power —
early sources, 121
and factory system, 121
and industrial revolution, 104, 106
and machines, 114
role in industrialization, 209
sources of, 122
union and management, 179
Precision. element in mass
production, 124
Prestige, role of, 175
Prices —
in eapitalism. 130, 134, 135
role of, 139, 145
and unemployment, 158
Primate, man as, 33
Primitive economy, 82
Primogeniture, 44
Procedures, as direction function, 166
Production —
in central workshop, 70
early stages of development, 78
goal of industry, 16
in handicraft systems, 64
in middle ages, 76
ownership of means of, 137
stages of, 230
stages of manufacturing, 83
Production systems, 90
economic, 81
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Professions —
in industry, 173
and unions, 178
Profit —
and capitalism, 130
role of, 131
Programing, 217

Progressive Education Movement,

18, 19-22

Project method, 20, 21
Promotion, of labor force, 192
Property —

and capitalism, 130, 133

concept of, 43

and discrimination, 136

and return, 133
Proto-hominoid, 33

characteristics of, 33-34
Psychological needs, 176
Public, and labor unions, 177
Public relations, 139
Purchasing, 168

Quality control, 168

Recognition strike, 180
Religion —

early, 52

of early man, 50

Neanderthal man, 37

and science, 120
Rent, and capitalism, 133
Repetition, in work, 203
Respect, 202
Responsibility, of managers, 164
Revolution, and evolution, 91
Rice, early use, 51

Sabotage, as union power, 180
Safety, and automation, 230
Safety functions, 168
Safety needs, 202
Savings —

and income, 158

and investing, 152

and investment, 154

rate of, 156
Schools —

functions of, 22

in indu strial revolution, 100

Science —

early development, 53

and early technology, 74

and factory system, 120

and industrial revolution, 99

revolution in, 120

use in production planning, 162
Scientific managment, 162, 190
Security —

as union function, 179

as union goal, 177
Security function, 168
Self-actualization needs, 202
Self-esteem, need for, 202
Self-regulation, 216
Self-sufficiency, economic, 61
Seniority, and union contracts, 183
Sensors, in cybernetics, 221
Servomechanism, 216
Servosystems, and cybernetics, 221
Sex, and division of labor, 42
Sexes, early roles of, 46
Shelter, evolution of man’s, 50
Sinanthropus pekinensis, 36
Size, and bureaucracy, 171
Skills —

changing employee, 189

nature of, 232

and status, 191

with tools and machines, 115
Slave economy, system, 80
Slavery, and industrial revolution,

103

Slaves, and work, 73
Slow-downs, 193
Socialism —

and capitalism, 137

as economic system, 83
Social institutions, 15
Socialization, nature of, 39
Social needs, and work, 198
Social responsibility, 141
Social science, views society, 15
Society —

Cro-Magnon, 37

definition, 39

of early man, 50

early modern, 52
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Society (con't) Technology —
economics of, 42 based on industrial revolution, 89
food-gathering, 45 effects of changes in, 229
individual in, 140 handicratt, 60
and individual welfare, 138 and industrial revolution, 99, 104
industrialization changes, 93 interdependence, 104
and industrial revolution, 89, 112 and invention, 110
and managers, 163 nature of, 27
needs of, 138 as root of science, 53
role of business in, 139 and unions, 178
and work role, 196 Textile production, and industrial
Space age, 92 revolution, 95
Specialization, and bureaucracy, 171 Theologian, status of, 75
Staff organization, 168 Thermodynamics, statistical, 221
Standardization, element in mass Thermostat, 216
production, 125 Time-motion study, 190
Standards, concept of, 126 Toolmaking, of man, 35
State capitalism, 148 Tools —
Statesman, status of, 75 defined, 114
Status — early man, 36
and job title, 197 evolution of, 50
role of, 176 and history, 72
of workers, 75, 191 and instruments, 114
Steam engine — and machines, 114
evolution of, 107 and man, 114
in industrial revolution, 98, 106 Neanderthal man, 37
Stone — social results of, 56
polishing of, 55 and survival of man, 53
for tools, 55 Town economy, system, 79
Strike — Towns, growth of, 84
forms of, 180 Trade —
as union power, 180 and factory system, 118
Subject matter — and industrial revolution, 93, 99,
elements of, 23 109, 122
and progressive education, 20 and transportation, 98
Success, need for, 202 world, 143
Supply and demand, 130, 134 Trade economy, 82
Symbols — system, 80
monetary, 42 Trade union, 177
use by man to learn, 40 Transportation —
Sympathetic strike, 180 and industrial revolution, 98, 109
Synchronization, as element of mass role of, 145
production, 127 Truck economy, system, 80
Syntax, of discipline, 26, 27 Turnover, of workers, 204
Tariffs — Understanding, need for, 202
and laissez-faire, 144 Unemployment —
uses of, 145 causes, 154

Teacher, in industry, 173 and Keynes, 149
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Unions —
dues of, 187
effects of, 183
federations of, 187
functions of, 179
management of, 184
and social needs, 199
values of, 183
Union shop, 182
Urbanization, 15
Usufacture, 60, 83
stages of, 62

Values —
economic, 43
of worker, 190, 201
Vernier principle, 125
Villages —
growth of, 84
growth and retail system, 63
usufacture unit, 62
Village economy, 81
Villenage, 102

Wages —
differentials in, 193
goal of unions, 177, 182
and job attitudes, 201
role in capitalism, 140
and unemployment, 158
as union function, 179
Water power, in industry revolution,
106
Wealth, and poverty, 151

Weapons, evolution of, 46, 47
Welfare, and government, 146
Wildeat strike, 180
Work —
assumptions about, 194
attitudes toward, 190, 193, 205
concepts of, 72, 200
conditions of, 176
disliked characteristics of, 203
division of, 52
and human beings, 140
as identity, 15
interaction of, 198
interest in types of, 204
managing to satisfy human needs,
206
pleasure from, 205
prestige of manual, 73
progression in, 204
psychology of, 195
role of, 131, 175, 196
and society, 42
and status, 197
for survival, 73
of tools and machines, 115
values of, 43
Worker —
functions of, 189
industrial, 188
requirements of, 16
Workhouse, 103
Working conditions, during industrial
revolution, 101
Workmanship, of guilds, 77
Workshop, central, 70, 78
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