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I. INTRODUCTION

This multilith was prepared to provide background information

on technology forecasting in response to congressional inquiries.

It consists of two parts. The first part provides an overview of

technology forecasting --- its definition, a history of its use

in government and industry, and a review of its limitations and

potential.

The second part contains short descriptions of major techno-

logy forecasting techniques, with references to appropriate litera-

ture. It contains also a selected annotated bibliography of

general literature on technology forecasting, and an unannotated

bibliography of materials on social and political forecasting.
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II. LEFINIION OF TECHNOLOGY FORECASTING

Technology forecasting is based on the notion that many

social and political changes derive from technological develop-

ment, and that in order to cope with an increasingly complex and

resource-scarce world, it is necessary to try to anticipate

technological change and its probable impact on society.

Technology forecasting and its corollaries, social, econo-

mic, and political forecasting -- have become increasingly impor-

tant to decision-makers at all levels both inside and outside of

Government. Industry, the military and civilian sectors of Govern-

ment, and independent research groups, use a variety of forecasting

techniques to help determine short and long-range plans and pro-

grams in such areas as R and D funding, development of new product

lines, projections of needs for new weapons systems, communications

technology, and educational teaching devices.

Forecasting methods available today are not yet sufficiently

precise to provide the basis for a statement of national goals in

science, technology, or any substantive or policy area. However,

the use of technology forecasting techniques can help the researcher

or decision-maker to ensure that he has obtained all available in-

formation to make a particular decision. Forecasting techniques

provide the decision-maker with several ways of systematically

assessing a process or technological development, its alternatives,

antecedents, and consequences. In essence, technology forecasting
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is a tool or technique which can contribute to better, more in-

formed decisidn-making.

Technology forecasting may be conceptualized either narrowly

or broadly. Donald A. Schon limits it to the process of techno-

logical development. "By technological forecasting, we mean the

forecasting of technological change. ...Technological forecasting...

is the forecasting either of invention, innovation, or diffusion

of technology." 1_/ Erich A. Jantsch, consultant to the Organi-

sation for Economic Cooperation and Development and author of a

voluminous and authoritative reference work on technology fore-

casting, conceives of it more broadly --- as encompassing not only

the process of technological development but all possible inter-

actions of technological change with the economy, society, and

polity. Jantsch's definition is more widely used by technology

forecasters.

Technology forecasting, according to Jantsch, is "...the

probabilistic assessment on a relatively high confidence level,

of future technology transfer." Future technology transfer may

occur at both the technological development and environmental

1/ He adds: "What is of interest, and what frequently passes

for technological forecasting is the forecasting of something
else--industrial growth, for example, or employment--of
which technological change is one component. A great many
organizations, as diverse as industrial corporations, banks,
investment firms, labor unions, and Government agencies,
undertake such forecasts... Such forecasts might ba called
technology-related." (Donald A. Schon. "The Problem:
Forecasting and Technological Forecasting," Mimeo, n.d.,

pp. 1-2.)



CRS - 4

impact levels. Future technology transfer at the development

level, stated simply, encompassesinteractions of one technology

or technological process and another, at any of the successive

production stages of: scientific research and development,

creation or invention of the technology (a product or process),

prototype development, and engineering application. Future

technology transfer on the impact level may include effects of

the technology, or scientific development on which it is based,

on all spheres of the physical and social environment.

A- technology forecast is not aprediction; it is a probabili-

stic statement about future changes at any one or all of the

technology development or impact levels. A technology forecast

may include estimates of the possible forms that technology might

take in the future; a technology forecast may describe potential

interactions of technology and effects on the natural and social

environment. Technology forecasting does not predict the precise

form or impact of technology at some specific date in the future.

Technology forecasting may provide decision-makers, in industry

and government, with systematically derived alternatives and

options about technology and its impacts.

Technology forecasting may be exploratory: the researcher

starts with knowledge and assumptions about today's technology,

assumes there are certain self-generating and natural laws of

development, and projects changes in technology to the future
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using this information. This is -sometimes called the ontological

view of technology forecasting.

Technology forecasting may also be "needs oriented" or

"normative." Here the forecaster specifies goals, needs, objectives

of technology or a technological application, and works backward

to the present to see what capabilities now exist or could be extra-

polated to meet future goals. This is frequently called the teleo-

logical view of technological forecasting. 2/

2/ For more detailed explanations of the concept of technology
forecasting see: Erich Jantsch, Ph.D.,"Technological Fore-
casting in Perspective: A framework for technological fore-
casting, its techniques and organization; a description of
activities and annotated bibliography,"by Erich Jantsch,
Consultant to the OECD. (Paris, Organisation for Economic
Co-Operation and Development, 1967,)Chaps. 1.1 and 1.2.
See also Marvin J. Cetron and Alan L. Weisner. "Techno-
logical Change, Technological Forecasting and Planning R &
D --- A View from the R & D Manager's Desk." The George
Washington Law Review,(Vol. 36, No. 5, July 1968),pp. 1079-
1104, and Robert U. Ayres. "Technological Forecasting and
Long-Range Planning',(New York, McGraw Hill Book Company,
1969),Chap. 3.
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A. History of Early TechnologyForecasts

The earliest attempts at technology forecasting were largely

individual, intuitive and opinionated speculations of the utopia

and science fiction variety.. Robert Ayres comments that while

"...most of this material is worthless as prophecy, ...one must

recognize the seminal influence of Jules Verne, H.G. Wells,

Karel Capek, Aldous Huxley, Robert Heinlein, Hal Clement, and

others." 3/ The purpose of these authors was entertainment.

Nevertheless, their activities did provide a rationale and illus-

tration of the need for more systematically undertaken studies of

the future.

Some of the early technological forecasts were intuitive spec-

ulations, but did forecast developments which were later verified.

For instance, early in the 1920's llermann Oberth published two

books on space travel. In these he described "...all the important-

features on interplanetary travel via rocket ships." 4/ Arthur

Clarke also made many projections about space travel that were

later to be confirmed. And, in 1945, he proposed the communica-

tions satellite which was to make its appearance 20 years later.

Numerous negative or pessimistic forecasts, alleging the

impracticality or undesirability of some technological trend or

event are characteristic of forecasting literature. George

3/ Ayres, 1969, op. cit., page 5.

4/ Idem.
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Orwells's 1984 and Aldous Huxley's Brave New World "have helped

to alert people against some of the dangers of a too potent tech-

nology, particularly in such areas as electronic eavesdropping,

subliminal communication, and genetic engineering." Similarly,

"Nevil Shute's On the Beach, Pat Frank's Mr. Adam, and others have

painted graphic if often inaccurate pictures of the aftermath of

a nuclear war." 5/

While many of these early forecasts were verified, others

were largely erroneous. Arthur C. Clarke has collected a number

of examples. 6/ For instance Simon Newcomb, an early astronomer

debunked the possibility of flight by heavier-than-air craft. He

said: "'the demonstration that no possible combination of known

substances, known forms of machinery and known forms of force can

be united in a practical machine by which man shall fly long

distances through the air, seems to the writer as complete as it

is possible for the demonstration of any physical factor to be."'

And in 1936, Cleator published a book called Rockets Through Space.

R.v.d. R. Wooley reviewed the book and "dismissed the notion of

space flight as 'essentially impractical.'" In 1956, a year be-

fore the first Sputnik, Dr. Wooley was appointed Astronomer Royal.

When he was interviewed by the Press he confirmed his earlier

opinion with the remark: "Space travel is utter bilge."

5/ Idem.

6/ Arthur C. Clarke. Profiles of the Future: An Enquiry into the

Limits of the Possible, London, Victor Bollancz, Ltd., 1962, as

cited by Aryre, op. cit., p. 5.



CRS - 8

Other early forecasts contained both "good and bad" predictions.

In 1902 H. G. Wells published Anticipations. In it he dismissed the

possibility of both airplanes and submarines. However, he accurately

foresaw the advent of trucks and buses for heavy traffic transport

and of privately owned automobiles. Thomas Alva Edison wrote

many broad forecasts published in popular magazines during the

period 1910-1914. Among his best predictions was rapid develop-

ment of the electric car, which may make a comeback before the

end of the century.

The area of future growth in atomic energy is notable for its

erroneous forecasts. Among the most famous debunkers is J.B.S.

Haldane. In 1925 he wrote a book called Callinicus: A Defense of

Chemical Warfare, in which he said in part: "If we could utilize

the forces which we now know to exist inside the atom we would have...

capabilities for destruction...and peremptory annihilation. But...

we cannot make apparatus small enough to disintegrate or fuse

atomic nuclei any more than we can make it large enough to reach the

moon..." 7/

Ayres reports another example of overhasty pessimistic pro-

jecting made independently by the chief scientific advisors of

both the British and United States governments:

7 / Ayres, Ibid., pages 5-7. -
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Professor F.A. Lindemann (Lord Cherwell) told the House of

. Lords in summer 1945, and Vannevar Bush testified to the
U.S. Senate a few months later, that intercontinental bal-
listic missiles could not be competitive with bombers in
the foreseeable future. Bush made his statement very strong:
'In my opinion such a thing is impossible for many years...

I think we can leave that out of our thinking. I wish the
American public would leave that out of their thinking. '
The reasons given were that most of the weight of a long-
range rocket would perforce be needed for fuel; destructive/
capacity even of atomic warheads would be tightly constrained
by limited payloads; and accuracy could not be increased to
the point where there would be an acceptable probability of
destroying a target several thousand miles away. Both men

were an order of magnitude too pessimistic about accuracy,
but the real 'mistake' was not foreseeing even the possibil-
ity of the H-bomb and the remarkable progress in warhead
miniaturization... 8 /

According to Ayres one of the "least unsatisfactory techno-

logical forecasts" of the pre-World War II era was made in 1936

by C.C. Furnas who later became an Assistant Secretary of Defense

for Research and Development. Writing in The Next Hundred Years,

Furnas "foresaw enormously effective medicines to counteract

infectious diseases such as pneumonia (i.e. antibiotics) and

looked for similar developments in the war against insect pests,

first via chemical insecticides and ultimately by biological con-

trols. The social importance of television was recognized, though

Furnas was skeptical about the social demand for such a device---

his most noteworthy failure of insight. Transatlantic telephoning

via undersea cables was foreseen..as was a big future for pipeline

distribution systems." 9/

8/ Ayres, op. cit., p. 7.

9/ Most of this material on early technological forecasting is

taken from Ayres, op. cit., Chaps. 1 and 2.
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B. Early Military and Government Forecasts

Both military and civilian agencies of government have long engaged

in technology forecasting. "The 'modern era' of systematic technological

forecasting can be said to have begun in the mid-thirties," according

to Ayres 10/ when the National Resources Committee was established in

1937 under the chairmanship of William F. Ogburn, professor of

sociology at the University of Chicago. The Technology Subcommittee of

the National Resources Committee,designated by the National Academy of

Sciences, the Social Science Research Council, and the American Council

on Education, reported to the President on "the kinds of new

inventions that may affect living and working conditions in America

in the next 10 to 25 years." 11/ The study recognized the need

for long-range planning and for understanding future social, technological

and military requirements. Po] icy alternatives were stated to account

for a host of technological developments and their implications. Many

of the projections of the Committee were later verified; conversely, the

study failed to foresee such specific technological developments as

"atomic energy, radar, antibiotics, or jet propulsion, all of which were

under high priority engineering development or in practical use five years

later." 12/

1.0/ Ayres , 1969, op. cit., page 12.

11 / National Resources Committee. 'Technological Trends and National

Policy, Including the Social Implications of New Inventions."

Report of the Subcommittee on Technology to the.... June 1937.

(Washington, U.S. Government Printing Office, 1937), page iii. (388 pages.)

12/ Ayres, 1969, op. cit., page 12.
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The U.S. Armed Services have been engaged in technology forecasting

efforts since World War II. .An early study was the Von Karman report

issued by the Scientific Advisory Board of the Air Force in 1954.

This study was designed to search for alternatives in gas turbine

development for aircraft propulsion. The report subsequently became

a valuable planning tool and even gave a fairly correct assessment of

future supersonic aircraft. 13/

Other military uses may be summarized. Beginning in the early

fifties the Air Force Office of Scientific Management began to

utilize technological forecasts as a guide to formulating research

and development objectives. The Army and Navy have both issued long-

range forecasts dealing with future weapons development, materials, and

social and political environments. Many of these reports are classified;

they are used by the military in planning future operations, manpower

and training requirements and weapons needs.

Nonmilitary governmental forecasts are less numerous and less

systematic than military forecasts. Many are of the historical,

intuitive, and group brainstorming variety. An early and influential

forecasting study was conducted by the Bureau of Mines in 1944.

This led to the creation of the National Stockpile. The President's

Materials Policy Commission, which published "Resources for Freedom,"

in 1952, forecast "...requirements and availability of key raw

materials, energy sources, and materials technology. ... The National

13/ Jantsch, op. cit., pp. 99-100.
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Power Survey, published in 1964 by the Federal Power Commission, contains

detailed forecasts of the electrical power industry to 1980." Both

the Bureau of Mines and the Office of Oil and Gas in the Department of

the Interior undertook similar surveys. The Bureau of Labor Statistics

has a "continuing program of forecasting the impact of technological

change on the labor force." l4/

14/ Ayres, 1969, op. cit., pages 11-14.
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C. Industrial Forecasts

Industrial technological forecasting has generally been more

successful than governmental forecasting. Success can be attributed

to the sophisticated industrial technology forecasting techniques used,

the availability of sufficient data to analyze projections and needs,

and the primarily short-range nature of forecasting (generally for

five years and primarily for the advanced developmental stage of a

technology.)

Jantsch has given examples of such successful forecasts. Among

them are:

A.T. & T's 1950 forecast on telephone installation and traffic.

A number of forecasts concerning the development of integrated
circuits, starting in the mid-1950's. Apart from such leaders in
this development as Fairchild.. .a number of 'outsiders' claim to
have made correct forecasts: IBM (1957-58, general potential and
time-frame); Arthur D. Little (1959, general potential; 1962,
thorough study, with price and demand projection through 1970,
good 'on line' so far); I.T. & T., (1961, price and demand development,
good 'on line' so far). 15/

[The Mirage 70 and 80 studies, conducted by Hughes and Lockheed
Aircraft companies, under the direction of Harold Linstone, to
help companies program research and development of weapons systems,
are frequently cited as examples of successful industrial forecasts.]

15/ Jantsch, op. cit., p. 105.
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III. LIMITATIONS OF TECHNOLOGY FORECASTING

According to Jantsch, many of the early technological fore-

casts, as illustrated above, were incorrect because forecasting

was not undertaken in a rigorous and systematic fashion. He

adds: "The much more rigorous framework which has [today] made

a serious art of technological forecasting ---- though not yet

anywhere near an exact discipline --- makes it possible to avoid

[the problems faced in early forecasts.]" 16/

There have been several evaluations of the potential prob-

lems, pitfalls, and uses of technology forecasting. These analyses

illustrate that deficiencies in technology forecasting result

from: (a) misunderstanding of the special characteristics of

technological invention and innovation itself; (b) lack of appro-

priate data; and (c) misuse of technology forecasting as an in-

put to policy-making.

Several pitfalls of technology forecasting, which are due to

the special characteristics of invention and innovation, are out-

lined by Ayres in his review of technology forecasting techniques

and applications: 17/ (1) Lack of imagination and or "nerve".

Frequently a committee of experts or individual experts tend to

be too pessimistic (or insufficiently daring) in assumptions made

16/ Jantsch, op. cit., p. 100.

17/ Ayres, 1969, op. cit. pp. 18-27.
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about the potential for growth of a technology or the resources

needed to achieve a particular development; their forecasts tend

to be too conservative. (2) Overcompensation: Users of technology

forecasts and technology forecasters themselves are aware of "well-

known cases of prophets and inventors being ignored in their own

time and country, and later being stunningly vindicated." Cited

are the examples of General Billy Mitchell and aircraft potential;

Frank Whittle and the turbojet engine; and Tsiolkovsky, Oberth,

and Goddard and rocket propulsion. As a result, some forecasters,

suggesting there are no limits to creative human thinking and to

what is possible, tend to overcompensate optimistically. For

instance Arthur C. Clarke has stated "...Anything that is the-

cretically possible will be achieved in practice, no matter what

the technical difficulties, if it is desired greatly enough."

(3) Failure to anticipate concerning developments and/or changes

in competitive systems. This problem may be defined as over-

estimating or underestimating "the rate at which technological

innovation can be put into practice (because of inertia,inaction,

long lead times, and a desire not to jeopardize existing invest-

ments.)" Ayres has given several examples of this problem:

expectations that helicopters will shortly replace the family car;

radar ovens; plastic and/or fiberglass automobile bodies. In

addition:

"...Nuclear power has advanced more slowly than was originally

thought in the 1940's and at greater cost, primarily because
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of simultaneous (and largely unexpected) improvement in the
efficiency of fossil-fuel power-generating systems...

... Titanium and beryllium technology have lagged far behind
the rosy expectations of a decade ago largely because the
tremendous market for high strength-to-weight structural
members for bombers such as the B-70---which would have
justified heavy development costs in metallurgy and fabrica-
tion techniques --- suddenly disappeared.

(4) Concentration on specific configurations, rather than extra-

polating aggregrated figures of merit (macrovariables). This

problem stems from the inability of experts to modify a pre-

conceived notion or to "look at the whole picture." Jantsch re-

ports that "Lindemann, the notoriously erring scientific advisor

of Churchill...was a member of the 'clique' which believed ex-

clusively in solid-propellant rockets... As a consequence he de-

clared that the German liquid propellant rocket V-2, just could

not fly when shovrn photographs of it prior to its use against

London." 18/ And "Herman Kahn has pointed out that the Scientific

Advisory Board of the Air Force and the physicists at Los Alamos

were comparatively poor at predicting the future of nuclear weapons

technology, probably because they had too much 'expertise' to look

at the whole picture." 19/ (5) Incorrect calculation. This is

due to unrealistic and fixed assumptions held by some scientists

and technology forecasters. Ayres gives the example of "the cal-

culation by the Candadian astronomer, J.W. Campbell (in 1941),

18_/ Jantsch p. 103.

19_/ Ayres, p. 24.
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that a moon rocket would have to weigh one million tons in order

to carry 1 pound of payload (he was off by six orders of magnitude,

due to unrealistic assumptions about fuels and failure to take

multiple staging into account)." 2j/ (6) Intrinsic uncertainties

and historical accidents. Ayres describes this problem as fol-

lows:

...It must be recognized that technological progress often

depends in some degree on basically unpredictable elements

such as luck or coincidence, individual insights, and

quirks of personality. Certainly there are many examples
in history of situations where a small accidental event
leads to a large difference in the outcome. There is a
considerable amount of speculative literature based on
'What if...?' propositions, such as... What if Dr.
Alexander Fleming or one of his colleagues had had the

entrepreneurial propensities of a I)r. Squibb and had

pioneered the commercial development of penicillin himself,
instead of waiting to be discovered by the Rockefeller
Foundation? ... What if an efficient monotube steam 'flash-
boiler' had been developed prior to Charles Kettering's self-

starter, rather than a few years later? By the time a quick-
starting steam car was built...the mass-produced internal-
combustion engine had become too solidly entrenched to chal-
lenge. 21/

Another problem leading to inaccurate technology forecasting

on the short or long range basis is that of unanticipated or un-

expected major new scientific discoveries. In this context, Quinn

notes that unexpected scientific 22/ breakthroughs can open up

new and totally unexpected technological opportunities having an

20/ Ayres p. 24.

21/ Ayres p. 26-7.

22/ James' Brian Quinn. "Technological Forecasting." Harvard Business

Review, (March/April, 1967), page 102-3.
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effect on another technology. For instance, "virtually no one

anticipated such important discoveries as the transistor effect,

super-conductivity, lasers, or steroid activity." Frequently

the basic knowledge regarding such developments is known, but its

potential application goes unrecognized. Thus, the float glass

concept was invented in the United States and perfected half a

century later in England. It is difficult or impossible to pre-

dict these important scientific breakthroughs.

Two other factors inhibit accurate technological forecasting.

These are problems of: (1) lack of appropriate data, and (2)

imprecision of theories explaining social and technological change.

Inappropriate data

According to Schon, "efforts at forecasting are plagued by

lack of appropriate, uniform, complete, credible, and timely data." 23/

Forecasters need to have technical information describing how a

technology progresses from the developmental to the engineering

stage. Students of forecasting observe that frequently such data

are unavailable. This is due to: (a) unwillingness of producers

to generate and collect such data and to share it with others be-

cause of its proprietary nature, (b) deficiencies in standardization

of data among manufacturing concerns, and (c) absence of industry-

wide mechanisms for collecting such data.

21 Schon, op. cit., pages 8-13. See also Quinn, op. cit., page

103.

v
x
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While the absence of important. time-series data on specific

technologies is an important obstacle, equally important is the

lack of relevant social and economic data needed for forecasting.

Most of the data collected by the Census Bureau are aggregative,

describing the characteristics of various artificial groups determined

on the basis of geography and locale. Such information is not

organized to help forecasters analyze either the diffusion or the

impact of technological change or other relevant socio-economic

variables used in some forecasting techniques. (For more information

on this topic consult the literature on "Social and Political

Models," and "Social and Political Forecasting," below.)

Theoretical inadequacies

Technology forecasting relies on explanations of techno-

logical change. Some students of technology forecasting say that

technological change, while dependent upon scientific and tech-

nical factors, cannot be explained without explaining also the impacts

of technology on society and of society on technology: "Tech-

nological change cannot be well understood, and certainly not anticipated

[on the assumption] that it behaves as though it had a life of its own.

Any instance of technological change can best be understood

as an event in a total social-economic-technical system." According

to students of forecasting, social and physical scientists

have not yet developed explanations of change which
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adequately describe the interactions of technology and society;

this deficiency is, in large part, the basis for inadequacies in

technological forecasting:

We know enough about [total social-economic-technical systems]

to understand that they are characterized by large numbers

of interdependentvariables; that these variables change ac-

cording to differential rates; that small rate changes may

be highly significant for the system as a whole; and that

the system is characterized by dynamic feed-back, so that
it is, in complex ways, selfcontrolling. [But] efforts at
understanding technological change are now fragmented:

economists tend to look at a small number of relevant

factors, such as trends in output and demand relative to

capacity; technologists and students of technology tend to

look at technology as though it had a life of its own;

sociologists tend to relate it to social systems character-

istics. There is.. .no current effort toward the develop-

ment of a more nearly complete theory. 24/

24/ Schon, op. cit. , pages 8-9.
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IV. POTENTIAL USES OF TECHNOLOGY FORECASTING
IN PROGRAM MANAGEMENT AND POLICY PLANNING

Despite the many handicaps and deficiencies common to currently

used techniques of technology forecasting, most experts agree that

these techniques are potentially valuable tools for policy makers and

non-governmental decision-makers. The voluminous literature on the

subject and the numerous examples of actual technology forecasts in

various subject areas illustrate the nature and extent of exploration

and experimentation in this field and the large amount of time, money

and manpower being devoted to improving the art of technology forecasting.

A. Potential for Technology Forecasting in Industry

Technology forecasting studies for industry are by far the

most sophisticated, extensive and accurate done to date. Techniques

employed are primarily economic forecasting, research need network

or decision tree construction, and socio-economic studies of consumer

demand and product impact. Such studies done for industry are of

both the exploratory and normative types. Whether normative or

exploratory, these forecasts are usually far more accurate than

exploratory or normative forecasts done in other spheres. For instance,

in using normative techniques, frequently the industrial researcher

can specify a future product or process goal, outline its specifications

and work back to assess the technological developments or needs to be

achieved to develop this product; conversely if he is using an

exploratory forecasting technique he has available a wealth of
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information to characterize and describe existing processes or products

and can relatively easily extrapolate to the future.

Evaluation of social impact or interaction is important in

industrial technological forecasting, and is certainly less precise

than analysis of the technology itself; however for many purposes

information on the technology and specific related industrial

economic and scientific factors is sufficient for projection.

The potential uses of technology forecasting in industry may

be summarized. Such forecasts permit the industrial decision makers to:

--obtain relatively reliable and accurate forecasts of developments

of advanced technologies, 5-10 years hence;

--shorten lead time of application and use;

--specify, in detail, planning needs and research needs;

--define opportunities and product and process needs;

--maximize the rationality of management decisions;

--minimize risk; and

--maximize selection of a cost/effective alternative.
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B. Potential Use of Technolgv Forecasting in Governmental Policy-kin

Although most technology forecasting techniques used in industry

make use of social and economic analysis, these factors are not as

crucial to industrial forecasting as they are to governmental technology

forecasting which is more oriented toward policy planning. 
In some

specialized government oriented forecasting, as in forecasting for

various military weapons requirements and systems, socio-economic

variables are of relatively little importance. But in other government

forecasts, these factors are more important. And, as explained

above, the social and economic components of technology forecasting

have not been as well developed as the technological. This deficiency

manifests itself in both exploratory and normative forecasting in

government.

Normative forecasting involves setting a goal for the future

and working back to assess needs and deficiences to achieve 
that

goal. The projections required by various Federal agencies 
and

Congressional committees encompass both technological 
and social

factors. Because of the difficulties encountered in stating social

goals and the complex interaction of social and technological 
factors,

it is difficult, if not impossible, to specify a goal or need and

assess deficiences or programs needed to achieve that goal. Similar

problems are evident in exploratory forecasting --- it is difficult

to understand and explain the interaction of technology with society, 
thus

it is exceedingly difficult to extrapolate (decidedly unobservable)

trends to the future.
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To meet these problems, as many students of technology forecasting

have pointed out,.requires immediate attention to the following needs:

--increased communication between social scientists and their

physical, natural, and technology counterparts to improve problem

definition and solving;

--increased interdisciplinary studies on the impact and diffusion

of technology, and on conceptualization and improvement of identification

and measurement of social trends and indicators;

--improvement of the dissemination of results of actual

technology forecasts made for government in order to provide a

data bank of results obtained and immediate access to all studies

completed for purposes of replication and comparison.

Some students have even suggested institutionalization of

forecasting in government. Dror says: "We need a whole set of

units working on futures dispersed throughout government...." This

set of units should include a special government-sponsored forecasting

organization responsible for projecting comprehensive governmental

programs. In addition, the planning and policy-analysis and evaluation

units of each Federal Department should develop a forecasting capability

for the specific program activities of the agency. 251

25/ Yehezkel Dror. "Futures in Government." Program of Policy
Studies in Science and Technology. (Santa Monica California,
The RAND Corporation, August 19 68),p. 6. (P-3909.)
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Technology forecasting used on the policy making levels in

both executive and legislative branches of government is also subject

to another constraint --- that of the self-fulfilling prophecy nature

of technology forecasting. Although this problem is relevant to both

industrial and governmental forecasting, it is more salient to government.

The self-fulfilling prophecy aspect of technology forecasting has

both desirable and undesirable effects: "Predictions about significant

aspects of our future, particularly when a prominent public institution

such as Government makes them," says Schon, "may function as self-

fulfilling or self-defeating prophecies. In one sense, a prediction

then fulfills itself...." 26/ There is evidence for example, that

a manufacturer's consumer projection of the need for a product, and

subsequent development and production of that product, may result in

increased sales and the specious verification of foresight in

predicting widespread need for the item. Similarly "predictions made in

the fifties concerning imminent shortages of scientists and engineers

produced a change in patterns of enrollment in graduate schools of

science and engineering, which has, in turn, produced surpluses."
2 7_/

It is readily apparent that the self-fulfilling prophecy nature

of projection in government may represent the ideal of goal setting and

attainment. Nevertheless, such foresight is desirable only if th

26/ Schon, op. cit., pages 10-11.

27/ Ibid., pages 10-11.
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determined goal and the program chosen to reach it are appropriate, based

on national consensus, and willnot have deleterious effects on

other parts of the social, economic and political system.

Potential applications of "hard" technology forecasting in government

(involving such things as development of processes and products (hardware)

to meet a technical need) are similar to those of industry.

Potential uses of "softer" technology forecasting, and other forms of

forecasting in both executive and legislative branches in government can

only be speculative at this point. These applications might include: 28/

--program budgeting leading to an explicit statement of objectives;

--potential for program synthesis (and evaluation of the effects

of one program on another);

--assistance in program evaluation and oversight;

--improvement in decision making relating to both short-range and long-

range investment in research and development;

--social policy programming, such as in forecasting of the types of

skills and knowledge needed in the future and development of financial

assistance and facility policies to meet these needs. (Similar

applications in housing, urban renewal, pollution abatement

facilities can be envisioned).

28/ Dror gives the following examples of potential applications of

forecasting in government: "(1) establishing a planning-programming-

budgeting system...whereby current divisions are tied in to longer-

range problems and issues; (2) providing all government units with

shared assumptions of basic alternative states of the future (population,

technology, economy, international relations, etc.) and requiring

them to take these assumptions explicity into account when analyzing

present policy alternatives; (3) requiring all main departments to

prepare alternative scenarios of the future implications of their

present activities up to a given date; and (4) requiring all staff

papers, position papers, White Papers, etc. to deal explicity with

the future implications of their recommendations." (Dror, op. cit.,

pp. 10-11.)
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A Selected Bibliography of General aterials on Tecinolo y Forecastiin

Avres, obert U. "Tecnnological Forecasting and Long-Range Planning."
New York, 'Ice;ra-jil Book Company, 1969, 237 pages.

Well-written, but somvowat technical, surtmary oi various technology
forecasting techniques oriented primarily to businems o ficiiis and.
government planners. Includes a history of the use of forecasting
in government, assessment of problems twat may be encountered in
applying specific techniques, and chapters on ways to incorporate
technology forecasting into policy planning and corporate planning.
Techniques covered in-deptii include: rmorpological analysis, trend
extrapolation, models, analogies, and intuitive techniques. Includes
bibliographies and glossary.

Baier, Kurt and Nicholas Rescher, eds. "Values and the Future: The
Impact of technological change on American values." :e: York, The Free
Press, 1969, 471 pages plus vibliograpoies and index.

"The seventeen essays in this collection present the bulk of the
formalizable results of an investigation into the impact of current
technological advances on American values. ... The tine span under
review was the period from the present to the year ZuOU. your realm
of primary concern were selected for cons ideration. The first was
the detection of the most intimately value-relevant trends of tech-
nological development, suco as teat in the advance of cormuters,
transportation, communication, and bioned icine. The second was the
detection of trends of social change, such as those i sexual
relations, the family, race relations, and tai sp.erO of wort anc
leisure. The third was the identification of economic trends, such
as changes in productivity, organization of production, composition
of product, and distribution of wealth. The fourth concerned
forecasting changes in toe values of important social groups, such
as scientists, educators, corporation managers, and professional
women."

Beckwith, burnlham. "The Next 500 Years: Scientific Predictions of hajor
Social Trends." With a foreword by Daniel Bell. Ne; York, Exnosition
Press, 1967, 341 pages.

Intuitive forecasting by a social scientist who argues that "1e can
soecify relevant major trends, gauge their rates and extrapolate toe
future." The time period covered is tie next five-hundred years.
Areas surveyed are: governnent, nopulation, work and wages, production
control, finance, agriculture, industry, commer ce, houses and cities,
communication, eodcytion, health care, family life, crimc, reli-ion
and p1hilosophy, and science.

Bright, James '., ed. "Techlnological forecasting for industry and
;overnriment: Methods and 1npplications." Englewood Cliffs, T'renitice~iall,
inc . , I 96h, 484 ages.

T ais boo: was coniiled and edit ed by Janes Br it:h, a professor at
he Graduate School of business Administration, Harvard University.
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The articles included in the study are written Primarily by the
developers of various technology forecasting techniques. Each author
explains his methodolo,:y and gives examples of its use. The book
was written primarily for the industrial manager and researcher; the
techniques discussed do not require much familarity with highly sophis-
ticated mathematical operations. Among the topics discussed are prob-
lems and pitfalls of use, methods of presentation of material, and
integration of technology forecasting into the corporate planning
structure. Includes extensive annotated bibliographies.

Cetron, Marvin J. "Technological Forecasting: A Practical Approach."
New York, Technology Forecasting Institute, a subsidiary of Gordon and
Breach, Science Publishers, 1969, 345 pages.

A well written study complete with numerous examples of actual
technological forecasts done for industry and the military services.
Designed primarily for civilian and military government users of
technology forecasting, the study presents an in-depth survey of
practical uses of forecasting. Also included are: an extensive
discussion of practical problems, list of organizations engaged in
technology forecasting, and extensive annotated bibliographies of:
technology forecasting studies done for the military and civilian
agencies of government, .and for industry; technology forecasting
appraisal techniques; and material on the interfaces between technology
forecasting and information sciences.

Darracott, H.T., et. al. "Report on Technological Forecasting." Prepared
by the Interservice Technological Forecasting Methodology Study Group."
June 30, 1967. Distributed by Clearinghouse for Federal Scientific and
Technical Information. 8 chapters, various pagings plus bibliography.
AD 664 165.

Survey of the literature on technology forecasting techniques and
applications for military use. This study clearly explains many of
the techniques used, develops methods for presenting forecasts and
includes an extensive bibliography of actual technology forecasts
developed by or for the military services.

Isenson, Raymond S. "Technological Forecasting: A Management Tool:
Types, objectives, and methods." Business Horizons, Summer 1967, pages
37-46.

A well-written review of technology forecasting techniques with
particular attention to applications in the industrial sphere. The
author cautions that development of sophisticated technology
forecasting techniques for business may be impaired by the need to
characterize and weigh elusive, but important exogenous social and
political variables affecting technological growth.

Jantsch, Erich. "Technological Forecasting in Perspective." Paris,
Organisation for Economic Co-Operation and Development, 1967, 401 pages.

This study is the most comprehensive treatment published so far on
technology forecasting. Written by Dr. Erich Jantsch, consultant
to the OECD, it describes, analyzes and evaluates the state-of-the-
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art of virtually every technology forecasting technique developed
to date. Dr. Jantsch develops a conceptual framework for technology
forecasting, assesses the relationship of the use of various techniques
to civilian, military and industrial planning, and gives
reco nationsos to further develop technology forecasting and its
applications. Also reviewed are the technological forecasting
activities of industry, the military, government, and private groups
in the OECD member countries. The activities of various technology
forecasting agencies are described. Included also are comprehensive
annotated bibliographies of techniques, actual forecasts, applications,
and research in forecasting.

The book is very technical and requires familiarity with mathematical
operations.

Kahn, Herman and Anthony J. Wiener, with contributions from other members
of the Hudson Institute. "The Year 2000: A framework for speculation
on the next thirty-three years." New York, The Macmillan Company, 1967,
431 pages.

This volume is an elaborate collection of interrelated projections
for the next 33 years in the social, economic, technological, and
political realms. Economic analysis, social science methodology,
and technology forecasting techniques were used to develop scenarios
and alternative futures.

Long-term social, economic, political and technological trends likely
to continue were identified. These were extrapolated to the future
based on projecting statistical data on population, literacy, GNP,
energy sources, military strength, etc. Scenarios of hypothetical
sequences of future events were developed. In addition the
implications of selecting various policy choices surrounding these
issues were assessed.

Prehoda, Robert W. "Designing the Future: The Role of Technological
Forecasting." Philadelphia, Chilton Book Company, 1967, 285 pages plus
bibliography and index.

This book, which utilizes techniques of intuitive forecasting and
trend extrapolation, deals with substantive trends in several technical
and social areas. In addition, the study "presents a rationale
concerning our potential ability to accurately foresee the future
capabilities and results of applied science. It attempts to outline
a new philosophic synthesis of emerging synergistic relationships
among economics, technology, and research in the physical and
biological disciplines. ... Information in these areas has been
obtained from books, scientific journals, articles in popular
publications" and interviews.

The study is an excellent introduction for the layman to techniques
and substantive issues of technological forecasting.

"Toward the Year 2000: work in progress." Report of the Commission on
the Year 2000. Daedalus, Journal of the American Academy of Arts and
Sciences, Summer 1967, pages 639-994.
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Draft reports of the early sessions of the Comission on the Year
2000. Essays and working sessions published here deal with the
interdisciplinary work of prImarily social and behavioral scientists.
Specific items treated include: feasibilIty of evaluating social
predictions; concepts of forecasting; information needs; urban
development; Federal and local responsibilities; the need for a new
political theory; university cities of the future; educational and
scientific institutions; biological man of the future; control, of
human behavior; religion; youth; social roles; privacy; communication;
and the international system.

Additional reports are scheduled to be released in late 1970.

Wallia, C.S. "Toward Century 21: Technology, Society, and Human Values."
New York, Basic Books, 1970, 310 pages plus index.

"This volume is based on 'Technology and Human Values'," a project
that was carried out at Stanford University during 1963. The project
consisted of 30 university-wide lectures delivered during the academic
year under the general rubric 'Human Values in a Technological
Society.' It involved six undergraduate seminars centered around
the lecture series. The lecturers were encouraged to speculate and
to suggest alternative normative models for the near future in terms
of technology, social systems, and the individual." Articles included
treat forecasts in the following areas: biopsychological perspectives,
science and creativity, technology and economic development, the
political system, and humanistic perspectives.

Wills, Gordon, David Ashton, and Bernard Taylor, eds. "Technological
Forecasting and Corporate Strategy." New York, American Elsevier
Publishing Company, Inc., 1969, 273 pages.

"By drawing together views from a wide range of experts and examining
the managerial implications of changing technology, this book attempts
to answer the question of what changes in technology are likely to
occur, and to solve the problem of how company planning and
organization can effectively cope with them. It has been the joint
work of a team of individuals from the University of Bradford
Management Centre, the Ministry of Technology, and The Times (Great
Britain.)

This is a managerial book. It will not fulfill the purely technical
requirements of the chemist, the metallurgist, or the engineer. Its
role is to give a glimpse of the possible futures for technology'as
they impinge on profitable corporate management. It is divided into
two parts: the first is a look at the task of managingg the Future'
as a corporate need, the second is an examination of 'The Forecast
Future' in terms of polymers, metals, energy, transportation,
distribution, communications, computing, and food."

Edward B. Roberts. "Exploratory and Normative Technological Forecasting:
A Critical Appraisal," Technological Forecasting: An International
Journal, Vol. 1, No. 2, Fall 1969, pages 113-128.
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Marvin J. Cetron. "A Method for Integrating Goals and Technological
Forecasts into Planning," T'chnol o;ica. Foreca ting and Social Change,
Vol. 2, No. 1, 1970, pages 23-52.

Dirk Beckerhoff. "Goal Systems for Governmental R and D Planning,"
Technological Forecasting: An International Journal, Vol. 1, No.
4, Spring 1970, pages 363-70.

Peter H. Vogel. "A Basis for Technological Forecasting," Technological
Forecasting: An International Journal, Vol. 1, No. 3, March 1970,
pages 313-24.

E.N. Dodson. "A General Approach to Measurement of the State of the Art
and Technological Advance," Technological Forecasting: An International
Journal, Vol. 1, No. 4, Spring 1970, pages 391-408.

Erich Jantsch. "Toward a Methodology for Systemic Forecasting,"
Technological Forecasting: An International Journal, Vol. 1, No.
4, Spring 1970, pages 409-20.

H.W. Lanford. "Problems in the Teaching of Technological Forecasting,"
An Technological Forecasting: An International Journal, Vol. 1, No.
4, Spring 1970, pages 421-6.

David M. Kiefer. "The Futures Business." Chemical and Engineering News,
August 11, 1969, pages 62-75.

"World Facts and Trends." Compiled by Center for Integrative Studies,
School of advanced. Technology, State University of New York,
Binghamton, [1970], 66 pages.

Abraham Moles. "The.Future Oriented Society: Axioms and Methodology."
Futures, December 1970, pages 312-326.

Donald L. Pyke. "Technological Forecasting: A Framework for Consideration."
Futures, December 1970, pages 327-331. (General material on
exploratory and normative forecasting.)

"Futures Research Survey in USA, results and impressions." Futures,
December 1970, pages 383-4.

H. Wentworth Eldredge. "Education for Futurism in the United States:
An On-Going Survey and Critical Analysis." Technological Forecasting
and Social Change, Vol. 2, 1970, pages 133-148.

Rene Leclercq. "The Use of Generalized Logic in Forecasting."
Technological Forecasting and Social Change, Vol. 2, 1970, pages 189-194.



CRS - 33

B. Bibliography on Socialnd ll t cl Foreeggi

Erich Jantsch. "New Organizational Forms for Forecasting." Technological
Forecasting: An International Journal, Vol. 1, No. 2, Fall 1969,
pages 151-62.

R.J. Rumrel. "Forecasting International Relations: A Proposed
Investigation of Three-Mode-Factor Analysis," Technological
Forecasting: An International Journal, Vol. 1, No. 2, Fall 1969,
pages 197-216.

Yehezkel Dror. "A Policy Sciences View of Futures Studies: Alternative
Futures and Present Action," Technological Forecasting and Social
Change, Vol. 2, No. 1, 1970, pages 3-16.

Leslie T. Wilkins. "Crime in the World of 1990." Futures, Vol. 2, No.
3, September 1970, pages 203-14.

Clark C. Abt. "An Approach to Methods of Combined Sociotechnical
Forecasting," Technological Forecasting and Social Change, Vol. 2,
No. 1, 1970, pages 17-22.

Henry David. "Assumptions about Man and Society and Historical Constructs
in Futures Research," Futures, Vol. 2, No. 3, September 1970, pages
222-30.

Daniel Bell. "The Commission on the Year 2000." Futures, Vol. 2, No.
3, September 1970, pages 263-8.

Irving John Good. "Speculations in Hard and Soft Sciences," Futures,
Vol. 2, No. 3, September 1970, pages 273-5.

T.J. Gordon, S. Enzer and R. Rochberg. "An Experiment in Simulation
Gaming for Social Policy Studies," Technological Forecasting: An
International Journal, Vol. 1, No. 3, March 1970, pages 241-62.

T.J. Gordon and R.H. Ament. "Forecasts of Some Technological and
Scientific Developments and Their Societal Consequences." Middletown,
Connecticut, Institute for the Future, September 1969, 98 pages.

Robert Jungk. "Human Futures." Futures, Vol. 1, No. 1, September 1968,
pages 34-39.

Erich Jantsch. "The Organization of Technological Forecasting in the
Soviet Union," Technological Forecasting: An International Journal,
Vol. 1, No. 1, June 1969, pages 83-6.

Yehezkel Dror. "The Role of Futures in Government." Futures, Vol. 1,
No. 1, September 1968, pages 40-6.

Klaus Lompe. "Problems of Futures Research in the Social Sciences,"
Futures, Vol. 1, No. 1, September 1968, pages 47-53.
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Olaf Helmer. "Political Analysis of the Future." Middletown, Connecticut,
Institute for the Future, August 1969, 10 pages.

Johan Galtung. "On the Future of Human Society," Futures, Vol. 2, No.
2, June 1970, pages 132-42.

John Anderson. "Medical Education and Practice in 2000." Futures, Vol.
2, No. 1, March 1970, pages 54-8.

Henry Winthrop. "Social Costs a'nd Studies of the Future." Futures, Vol.
1, No. 6, December 1969, pages 488-9.

Charles W. Williams. "Futuristics: Its Implications for Political Science
and The Role of Political Scientists Therein." Adapted from Remarks
at the Political Futurlstics Information Exchange Meeting. Before

American Political Science Association, Annual Meeting, 1968, Mimeo,
September 1968, 13 pages.

Raymond Tanter. "Explanation, Prediction, and Forecasting in International

Politics." To appear in Forthcoming The Analysis of International
Politics, edited by James N. Rosenau, et. al, 1969, Mimeo, 30 pages.

Ronald D. Brunner and Garry D. Brewer. "Bibliography on Social
Forecasting." Second Revision, October 1968. Reproduced by
Supplemental Program of the World Future Society, Mimeo, (1968), 12
pages.

Yehezkel Dror. "The Prediction of Political Feasibility." Futures, Vol.
1, No. 4, June 1969, pages 282-8.

James Allen Dator. "Political Futuristics Bibliography." Second Edition,

December 1968. Reproduced by Supplemental Program of the World Future
Society, Mimeo, (1968), 23 pages.

Arthur I. Waskow. "The Historian's Role in Futures Research." Futures,

Vol. 1, No. 2, December 1968, pages 117-24.

Raul de Brigard and Olaf Helmer. "Some Potential Societal Developments:

1970-2000." iddletown, Connecticut, Institute for the Future, April
1970.

"Futurology." Special issue of International Social Science Journal,
Vol. XXI, No. 4, 1969, pages 515-584.

Includes: Pierre Piganiol, "Introduction: futurology and
prospective study;" Igor Bestuzhev-Lada, "Forecasting --- an approach

to the problems of the future;" Agenes Heller, "On the future of

relations between the sexes;" Irving Louis Horowitz, "Engineering

and sociological perspectives on development: interdisciplinary
constraints in social forecasting;" Robert Jungk, "Imagination and

the future;" Radovan Richta and Ota Sulc, "Forecasting and the

scientific and technological revolution;" and Irene Taviss, "Futurology

and the problem of values."
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Dennis Little and Richard Felle-. "STAPOL: A simulation of the impact
of policy, values, and technologIcal and societal develop ents upon
the quality of life." Middletown, Institute for the Future, October

1970, Working Paper W-12, 10 pages.

Albert Wilson and Donna Wilson. "Toward the Institutionalization of
Change." Middletown, Institute for the Future, August 1970, Working
paper WP-ll, 35 pages.

Olaf Helmer. "Report on the Future of the Future-State-of-the-Union
Reports," Middletown, Institute for the Future, report in preparation.

Yehezkel Dror. "Alternative Domestic Political Futures: Research Needs
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Denis F. Johnston. "Forecasting Methods in the Social -Sciences,"

Technological Forecasting and Social Change, Vol. 2, 1970, pages
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C. SelectedTTechnologyForecag lchnictues andCitations

1. INTUITIVE technological forecasting, including creative or
"genius" brainstorming:

Sampling of the opinions, or "educated guesses"of one or more
persons knowledgeable in a specific technology or technical area.

Examples of literature:

Isaac Asimov. "The Next 100 Years: Science-Based Estimates
of What the Century Ahead May Bring." In The World Almanac and
Book of Facts. New York, Newspaper Enterprise Association, Inc.,
1968.

"The Future of 34 Industries." Nation's Business, April 1968.

Issac Asimov. "Is Anyone There?" Doubleday, 1969,320 pages.

Robert Theobald. "Alternative Methods of Predicting the Future."
The Futurist, April 1969, pages 43-5.

Donald N. Michael. "The Unprepared Society: Planning for a
Precarious Future." New York, Basic Books, Inc., 1968, 132
pages.

Stanford Anderson, ed. "Planning for Diversity and Choice:
Possible Futures and Their Relations to the Man-Controlled
Environment." Cambridge, The M.I.T. Press, 1968, 340 pages.

Robert W. Prehoda. "Designing the Future: The Role of
Technological Forecasting." Philadelphia, Chilton Book Company,
1967, 285 pages plus bibliography and index.

"Plan Europe 2000." Futures, Vol. 2, No. 2, June 1970, pages
163-69.

Dennis Gabor. "Normative Technological Forecasting."
Technological Forecasting: An International Journal, Vol. 1,
No. 1, June 1969, pages 1-4.

Harold A. Linstone. "When is a Need a Need? The Problem of
Normative Forecasting in a Changing Environment." Technological
Forecasting. An International Journal, Vol. 1, No. 1, June 1969,
pages 55-72.

1.(a) INTUITIVE GROUP FORECASTING:

The judgments of several individuals knowledgeable in the field
under consideration are combined. It is assumed that if the
possibly erroneous guesses made by individual forecasters are
cancelled out, a realistic forecast can be obtained. Care must
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be taken in selection of the sample to be polled. The method,
if not handled properly, suffers from the possibility of
generating a 'bandwagon' majority opinion. In addition, there
is a tendency among some specialists to be unwilling to abandon
previously expressed opinions.

1.(a) (1) INTUITIVE group forecasting, CONSENSUS BRAINSTORMING

The basic terms of a problem are stated; all the ideas of the
participants, regardless of how irrelevant they might be, are
considered, and debated until a consensus is achieved.

1.(a) (2) INTUITIVE group forecasting, "the OPERATIONAL CREATIVITY
APPROACH" of consensus brainstorming:

A variant of brainstorming, called "the operational creativity
approach," "... introduces the refinement that only the group
leader knows the exact nature of the problem and structures the
discussion so as to arrive at a solution --- only one is sought."

Examples of literature:

Charles H. Clark. "Brainstorming-the Dynamic new Way to Create
Successful Ideas." Garden City, Doubleday and Company, 1962,
262 pages.

1. (a) (3) INTUITIVE group forecasting, DELPHI TECHNIQUE

Successive individual interrogations of a panel of experts to
elicit each panelist's: (1) opinions of inventions needed and
realizable within a specific time period (both long and short
range) and (2) forecasts of known and unknown factors which might
influence this development. In a feedback process, each panelist
considers responses of other participants; finally the panel
develops a consensus.

Examples of literature:

Arthur P. Lien, Paul Anton, and Joseph W. Duncan. "Technological
Forecasting: Tools, Techniques, Applications." American
Management Association, 1968.

T.J. Gordon and Olaf Helmer. "Report on a Long-Range Forecasting
Study." September 1964. Santa Monica, RAND Corporation, various
pagings (P02982.)

Olaf Helmer. "The Delphi Method - An Illustration." In James
R. Bright, ed. "Technological forecasting for Industry and
Government: methods and applications." Englewood Cliffs,
Prentice-Hall, Inc., 1968, pages 116-122.

"An Experiment with the Delphi Procedure for Long-Range
Forecasting," Part I and II. By Joseph P. Martino. Part I,



CRS'- 38

2.0 pages, Part II, 12 pages. Report numbers AFOSR 67-0175, and

67-0176. Available fiom Clearinghouse for Federal Scientific
and Tehcnical Information.

Norman C. Dalkey. "The Delphi Method: An Experimental Study

of Group Opinion." Santa Monica, RAND Corporation, June 1969,

79 pages.

A. Douglas Bender, Alvin E. Strack, George W. Ebright and George
von haunalter. "Delphic Study Examines Developments in Medicine."
Futures, Vol. 1, No. 4, June 1969, pages 289-303.

N. Dalkey. "Analyses from a Group Opinion Study." Futures,
Vol. 1, No. 6, December 1969, pages 541-51.

Robert 11. Ament. "Comparison of Delphi Forecasting Studies in

1964 and 1969." Futures, Vol 2, No. 1, March 1970, pages 35-
44.

Murray Turoff. "The Design of a Policy Delphi." Prepared by
Office of Emergency Preparedness, Executive Office of the

President, February 1970. Washington, Systems Evaluation
Division, National Resource Analysis Center, Technical Memorandum
TM 123, 30 pages.

Donald L. Pyke. "A Practical Approach to Delphi." Futures,
Vol. 2, No. 2, June 1970, pages 143-152.

G.B. Bernstein and Marvin J. Cetron. "SEER" A Delphic Approach
Applied to Information Processing." Technological Forecasting:

An International Journal, Vol. 1, No. 1, June 1969, pages 33-
54.

Olaf Helmer, et. al. "Development of Long-Range Forecasting

Methods for Connecticut: A Summary." A report of research

conducted under a grant from the Connecticut Research Co fission.

Middletown, Connecticut, Institute for the Future, September

1969, 83 pages.

Joseph P. Martino. "The Precision of Delphi Estimates."

Technological Forecasting: An International Journal, Vol. 1,

No. 3, March 1970, pages 293-300.

1.(a) (3)(a) Intuitive group forecasting, Delphi Technique, CROSS
IMPACT MATRIX METHOD

"Forecasting systems, such as the Delphi method, based on the
collation of expert judgement, suffer from the possibility that
reactions between forecasted items may not be fully considered.

...Without considering the interdependencies of the forecasted

items, these lists might contain mutually exclusive items, or

the chances of occurrence of certain items on the list might

be enhanced in view of the occurrence or non-occurrence of
others. ... (The cross impact matrix method of forecasting seeks

to find the conditional probability of an event given that various
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other events have or have not occurred." Mathematical
sophistication is required in using this technique.

Examples of literature:

Discussion taken from: T.J. Gordon and H.. hayward. "Initial

Experiments with the Cross Impact Matrix Method of Forecasting,"
Futures, Vol. 1, No. 2, December 1968, pages 100-116.

Howard E. Johnson. "Som' Computational Aspects of Cross-Impact

Matrix Forecasting." Futures, Vol. 2, No. 2, June 1970, pages
123-31.

Richard Rochberg. "Information Theory, Cross-Impact Matrices,and

Pivotal Events," Technological Forecasting and Social Change,

Vol. 2, No. 1, 1970, pages 53-60.

T.J. Gordon. "Cross-Impact Matrices." Futures, Vol. 1, No.

6, December 1969, Pages 527-31.

R. Rochberg, et. al., "The Use of Cross-Impact Matrices for
Forecasting and Planning." Middletown, Connecticut, Institute
for the Future, April 1970.

2. EXPLORATORY FORECASTING, TREND EXTRAPOLATION

Exploratory forecasting methods are quantitative and more precise

than intuitive or normative forecasting methods. In exploratory

trend extrapolation forecasting, the researcher chooses a
characteristic of the technology, (usually a functional

characteristic such as the ability to travel or co municate),

which can be expressed quantitatively (such as aircraft speed,
airline passenger -miles, power plant efficiency), and plots
the course and time of technological development on a logarithmic

chart. The chart is then examined for trends which can be
extrapolated into the future. This can be "carried out on a
simple basis, but sophistication can enter very rapidly in the
choice of the characteristic to be plotted, the scales to be
used for plotting, and the mathematical techniques to be used

for 'fitting' a curve to the data points."

Users of trend extrapolation techniques suggest that their

analysis of the trends so obtained helps provide them with a

first answer to the question of whether a specific goal or advance
has a reasonable chance of being attained by the same mechanism
of innovation which produced past progress.

2.(a) Exploratory trend extrapolation, EXTRAPOLATION OF TIME SERIES:
ANALYTICAL MODELS:

Data describing trends are plotted on a curve; logical analysis,
using socio-economic data, is used to attempt to describe the

natural limits of the phenomena being studied.

2.(b) Exploratory trend extrapolation, SIMPLE EXTRAPOLATION:
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The functional parameters of the product or technological processbeing forecast are identified. This would include factors suchas performance characteristics, de,nd and competitive factors,etc. Data are gathered over time for each variable. Researchers
assume that whatever has happened in the past will continue tohappen in the future. The trend is plotted on semilogarithmic
graph paper. If a straight line trend is observed, it is simply
extended to predict the future. If a regular change in ex-ponential growth is observed, the growth trend is extended using
a factor of constant change.

Examples of literature:

Joseph P. Martino. "The Methodology of Technological
Forecasting." The Futurist, April 1968, page 34. .

Ralph C. Lenz, Jr., "Forecasts of Exploding Technologies by Trend
Extrapolation." In James R. Bright, ed., "Technological
Forecasting for Industry and Government," Englewood Cliffs,
Prentice-Hall, Inc., 1968, pages 65-7.

H.T. Darracott, et. al. "Report on Technological Forecasting."
Prepared by the Interservice Technological Forecasting Methodology
Study Group. June 30, 1967. Distributed by Clearinghouse for
Federal Science and Technical Information, Chapter 6. AD 664
165. See also Chapter 4.

Joseph P. Martino. "Technological Forecasting and the Autonomy
of Technology." Technological Forecasting: An International
Journal, Vol. 1, No. 1, June 1969, pages 73-2.

Alan R. Fusfeld. "The Technological Progress Function: A New
Technique for Forecasting." Technological Forecasting: An
International Journal, March 1970, Vol. 1, No. 3, pages 301-12.

2.(c) Exploratory trend extrapolation, ENVELOPE CURVES

"Envelope Curves are hypothetical curves that describe the maximumperformance available for any particular functional
characteristic, regardless of the configuration of the device
which is employed." They are developed as follows: typically
in the evolution of a technological development, each new
technique or piece cf equipment takes the lead in performance
for a short time and then is replaced by a newer invention.
The envelope ctrve includes representations of the development
of individual inventions in the developmental sequence, and is
drawn tangent to and is a smoother approximation of the indivudual
performance curves.

"In order to project the curve, the researcher may assume that
performance events will remain constant and simply project the
curve in a smooth steady progression."
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Many envelope curve techniques also account for changes in factors
internal and external to the progress of the technology. Factors
internal to the technology might include: ratios of input to
output, functional capabilities, etc., such as speed, and
temperature. External factors might be GNP, population, and
production increases.

Examples of literature:

Robert Ayres, "Envelope Curve Forecasting," pages 77-94, and
A.L. Floyd, A Methodology for Trend-Forecasting," pages 95-109,
In James R. Bright, ed. "Technological Forecasting for industry
and government: methods and applications," Englewood Cliffs,
Prentice-Hall, Inc., 1968.

Robert U. Ayres. Chapter 6. "Extrapolation of Trends," In
"Technological Forecasting and Long-Range Planning," New York,
McGraw-Hill, 1969, pages 94-117.

Robert W. Prehoda. "Extended Youth: The Promise of Gerontology."
New York, G.P. Putnam's Sons, 1968, 256 pages.

Erich Jantsch. "Technological Forecasting in Perspective."
Paris, Organisation for Economic Co-Operation and Devleopment,
1967, 1967, pages 161-8.

2.(d) Exploratory trend extrapolation, CORRELATION ANALYSIS AND
PRECURSOR METHODS

Correlation analysis:

"Correlation covers problems dealing with the relationships
between two or more variables, specifically, the degree of a
certain special type of relationship among them." It is necessary
to "find out what the relationship actually is, in order to
estimate or predict one variable (the dependent variable) from
knowledge of another variable (the independent variable). The
statistical technique appropriate to such a case is called
regression analysis. When consistent correlations can be found,
this method offers an objective approach to forecasting."

Precursor methods:

"The precursor method depends on finding a relationship between
two characteristics, so that one tends to lag behind the other
by an almost constant interval. The forecasting procedure
involves the assumption that this lag will continue as in the
past, and it permits forecasting the characteristics, in the
future, of the lagging technology."

Examples of literature:
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Ralph C. Lenz, Jr. "Forecasts of Exploding Technologies by Trend
Extrapolation. In James R. Bright, ed. "Technological
Forecasting for Industry and Government," Englewood Cliffs,
Prentice-Hall, Inc., 1968, pages G6-9.

Marvin J. Cetron. "-Technological Forecasting: A Practical
Approach." New York, Technology Forecasting Institute, a
subsidiary of Gordon and Breach, Science Publishers, 1969, page
96.

H.T. Darracott, et. al. "Report on Technological Forecasting."
Prepared by the Interservice Technological Forecasting Methodology
Study Group." June 30, 1967. Distributed by Clearinghouse for
Federal Scientific and Technical Information, page 4-20.

Joseph P. Martino. "Correlation of Technological Trends,"
Technological Forecasting, An International Journal., Vol. 1,
No. 4, Spring 1970, pages 347-54.

Raymond S. Isenson. "Technological Forecasting Lessons from
Project Hindsight." In James R. Bright, ed. "Technological
Forecasting for Industry and Government: Methods and
Applicat ions." Englewood Cliffs, Prentice-Hall, Inc., 1968,
pages 35-54.

C.W. Sherwin and R.S. Isenson. "First Interim Report on Project
Hindsight." Clearinghouse for Federal Scientif ic and Technical
Information, June 30, 1966, AD 642-400, revised October 13, 1966.

"Technology in Retrospect and Critical Events in Science."
Prepared for the National Science Foundation by the Illinois
Institute of Technology Research Institute. Under contract NSF-
C535. December 15, 1968, Volume I, 104 pages.

2.(e) Exploratory trend extrapolation, S-SHAPED GROWTH CURVE

Frequently a growth model is used to predict the advance of a
technology or cycle of its development. Many technologies exhibit
the same type of growth curve of biological species. The pattern
exhibits a slow start, then a rapid exponential rise, followed
by leveling off at maturity, and finally obsolesence. This model
is called an S-shaped growth curve. It is applicable to
technological developments, particularly when there is some know
upper limit, such as achievement of 100% efficiency, the speed
of light, etc.

Examples of literature:

Ralph C. Lenz, Jr. "Technological Forecasting," second edition.
Report ASD-TDR-62-414, Aeronautical Systems Division, Air Force
Systems Command, U.S. Air Force, Ohio, June 1962. Available
from Clearinghouse for Federal Scientific and Technical
Information, AD 408 085, 106 pages.
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Derek J. de Soila Price. "Little Science, Big Science," New
York, Columbia University Press, 1965, 119 pages.

Robert U. Ayres. "Technological Forecasting and Long-Range
Planning." New York, McGraw-Hill, 1969, pages 123-8.

3. HISTORICAL ANALOGY AND TREND PROJECTION

Predicting or projecting the future state of development of a
technology by assessing past trends in the growth and acceptance
of that or a similar development. Techniques used are not as
precise and quantitative as those of exploratory trend
extrapolation. Methods employed vary, but may include intuitive
thinking, sophisticated and systematic trend extrapolation, with
or without analogy to biological growth models, and socio-
political forecasting.

Examples of literature:

Arthur C. Clarke. "Profiles of the Future." New York, Harper
and Row, 235 pages.

Marvin J. Cetron and Thomas I. Monahan. "An Evaluation of
Appraisal of Various Approaches to Technological Forecasting,"
In James R. Bright, ed. "Technological Forecasting for industry
and government: methods and applications." Englewood Cliffs,
Prentice Hall, 1968, pages 150-1.

Bruce Mazlish, ed. "The Railroad and the Space ProgramAn
Exploration in Historical Analogy." Part of the series
"Technology, Space, and Society," Prepared by the American
Academy of Arts and Sciences. Cambridge, the MIT Press, 1965,
223 pages.

Burnham Beckwith. "The Next 500 Years: Scientif ic Predictions
of Major Social Trends." New York, Exposition Press, 1967, 325
pages.

Marion Clawson and Jack L. Knetsch. "Economics of Outdoor
Recreation." Published by Resources for the Future, Inc., by
The Johns Hopkins Press, Baltimore 1966.

Syracuse University Research Corporation. "The United States
and the World in the 1985 Era." Prepared under Navy Office of
Naval Research Contract. Distributed by Clearinghouse for Federal
Scientific and Technical Information. Vol. I. The United States
and the World in the 1985 Era, 132 pages; Vol. II. Appendices
One and Two to The United States and the World in the 1985 Era,
142 pages; and Vol. III. Science and Technology in the 1985
Era, 44 pages; and Vol. IV. Appendix to Science and Technology
in the 1985 Era, Committee Reports, 402 pages.

"The Next Ninety Years: Proceedings of a Conference Sponsored
by the Office for Industrial Associates at the California
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Institute of Technology, March 7-8, 1967." Pasadena, California
Institute of Technology, 1967, 186 pages.

"Here Comes Tomorrow: Living and Working in the Year 2000,"
By the staff of the Wall Street Journal, Princeton, Dow Jones
Books, 1967, 196 pages.

"Toward the Year 2018." Edited by the Foreign Policy Association,
New York, Cowles Education Corporation, 1968, 177 pages.

4. CONTEXTUAL MAPPING

Contextual mapping uses the techniques of economic analysis,
development of causal relationships, and normative forecasting.
The time dimension of invention or development is deemphasized.
The technique is useful in predicting the development of new
products as well as in guiding the improvement of known
technologies. Two techniques are used in contextual mapping.

Trends can be expressed as a process in the acquisition and
application of knowledge. For instance, in a depiction of the
progression of high-vacuum techology, all inputs, devices,
outputs applications, and their relationships can be shown
graphically. A planner then could isolate different points in
the progression and illustrate the effects on such developments
as small fusion reactors, weight reduction in space vehicle
structures, etc.

Parameter dependent trends can also be expressed by contextual
mapping. The potential for growth or influence of one variable
on another can be shown. "Future developments which depend on
the simultaneous progress of a number of parameters or
capabilities, or on certain environmental (economic or other)
conditions, can be forecast explicity -- for a given set of
conditions -where it would be difficult to forecast with any
reasonable probability timea-dependent progress for all parameters
involved."

Examples of literature:

H.T. Darracott, et. al. "Report on Technological Forecasting."
Prepared by the Interservice Technological Forecasting Methodology
Study Group." June _0, 1967. Distributed by Clearinghouse for
Federal Scientific and Technical Information, pages 4-27 to 4-
31.

Erich Jantsch, "Technological Forecasting in Perspective."
Paris, Organisation for Economic Co-Operation and Development,
1967, pages 171-4.

5. MORPHOLOGICAL ANALYSIS

Morphological analysis is, essentially, systematic intuitive
thinking. It provides for the graphic depiction and consideration



CRS - 45

of all imaginable possiblities and feasibilities of a
technological development.

This method was developed by Fritz Zwicky, a wellknown astronomer
and rocket expert working at the Mount Wilson and Mount Palomar
Observatories. It is a technique for "identifying, indexing,
counting," and placing values of possible use and opportunity
upon all possible developments and devices needed to achieve
a specific functional capability. "All technological levels
are explored, including such factors as available technical
resources and scientific manpoer. It is used to compile a
complete checklist of requirements in a broad study and also
to identify simple inventions which have hitherto been overlooked
in the evolution and development of technology."

This method is used as follows: the problem to be solved or
the functional capability desired, is precisely stated; all the
functions to be performed by the invention are identified and
alternative methods are posited to provide them; each
characteristic parameter is subdivided into distinguishable
states; various combinations of devices and functions are
isolated; and the performance of different equivalents and
alternatives are analysed.

Examples of literature:

Robert U. Ayres. "Technological Forecasting and Long-Range
Planning." New York, McGraw-Hill, 1969, pages 72-93.

H.T. Darracott, et. al. "Report on Technological Forecasting."
Prepared by the Interservice Technological Forecasting Methodology
Study Group." June 30, 1967. Distributed by Clearinghouse for
Federal Scientific and Technical Information, pages 4-31-34.

Erich Jantsch. "Technological Forecasting in Perspective."
Paris, Organisation for Economic Co-Operation and Development,
1967, pages 174-180.

6. SCENARIO WRITING

One of the major limitations to technological forecasting is
that explicit statements describing interactions between one
technology and another, and technology and society are
circumscribed by our understanding of such interactions.
According to its developers, scenario writing permits the
researcher to identify and assign probabilities of occurrence
to the crucial events (or "saddle points") necessary for
sequential development to a specified end. This is not a
prediction of the future. It is a (logical and empirical)
statement of the sequence of factors which might be realized
in the movement from one situation to another. "An example is
that of breakthroughs in laser technology which constitutes a
class of precursive events with striking potential for major
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developments in such diverse fields as multiple-bank, long-range
communications, missile tracking, delicate surgery, and shaping
of materials...."

Basic to this technique is analysis of alternative implications
of the development of a technology and of alternative social
conditions on which that technology might impact.

Examples of literature:

Arthur P. Lien, Paul Anton and Joseph W. Duncan. "Technological
Forecasting: Tools, Techniques, Applications." American
Management Association, 1968, pages 22-23.

Herman Kahn and Anthony J. Wiener, with contributions from other
staff members of the Hudson Institute. "The Year 2000: A
Framework for Speculation on the Next Thirty-Three Years." New
York, The Macmillan Company, 1967, 431 pages.

Robert U. Ayres. "Technology and the Prospects for World Food
Production," Report HI-640-DRP (Rev. 2), Hudson Institute, April
19, 1966, 71 pages.

6.(a) SCENARIO WRITING, Mirage studies

The Mirage studies (military requirements analysis --- generation
19__) were designed to "help R and D planners identify 'good
risks' for the future in a defense environment characterized
by great uncertainty." Three studies were completed: Mirage
70 for the period 1965-70; Mirage 75 for the period 1970-75;
and Mirage 80 for the period 1975-80. Studies were prepared
by the Systems Analysis Corporation. Underlying these studies
was the notion that strategic planning requires a long-range
perspective.

Methodology used for the several studies combines several analysis
and forecasting techniques. An analysis of the projected world
environment for the period is compiled. In the Mirage 80 study,
the projected world environment included the 'good risk' (highly
probable possibility) of a widening gap between the rich and
the poor. Next scenarios of the good risks projections are
drawn. The objective of drawing such scenarios is to permit
identification of new technologies, whether social or technical,
to cope with the events projected. Then hypotheses are
formulated, refined and studied by small groups of analysts.
Each hypothesis embodies a major innovation suggested by the
need-technology interaction depicted in the scenario. The
feasibility of systems, their costs and alternatives are assessed.
A mission flow chart describing all the steps needed to secure
objectives of a proposed innovation is drawn and high level,
operation, and support missions are identified. Charts depicting
the resources and functions needed to satisfy each mission
objectives are drawn. Weaknesses in each program are identified,
and values are placed on priority objectives.
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Examples of literature:

For two discussions of this project by its senior researcher,
see:

Harold A. Linstone. "The Mirage Studies and Some Implications,"

In "Long-range Forecasting Methodology, A Symposium held at
Alamogordo, New Mexico, October 11 and 12, 1967, AD 679-176,
pages 71-95.

Harold A. Linstone. "On Mirages," In James R. Bright, ed.
"Technological forecasting for industry and government: methods
and applications." Englewood Cliffs, Prentice-Hall, 1968, pages
223-41.

The Mirage reports are classified, but a summary is available
in J. Stockfisch, ed. "Planning and Forecasting in the Defense
Industries," Belmont, California, Wadsworth Publishing Company,
1962.

See also: "Mirage 85: National Security/NASA Planning Study,"
Principal report (excluding restricted rmaterial). By Corporate
Development Planning Department, Lockheed Aircraft Corporation,
August 1970, Volume III, 138 pages plus charts.

7. MODELS

"Models are the mechanisms by which predictions of the performance
of a process or system can be made. Generally, the scientist
attempts to duplicate (or simulate) in some kind of model, the
behavior of the parameters, sub-system, or system (and the
socioeconomic factors) with which he is working. Once he has

achieved this parallelism between the real world situation and

his model, he can manipulate the model to study the
characteristics in which he is interested."

A comprehensive survey of modelbuilding in the United States
was provided by Abt associates. Over 100 models were surveyed;

the study illustrated that many of these are still in rudimentary

stages; with limited utility. Early model building dealt vith
the economy; current model building treats the social, political
and psychological realms; many forecasting models are

interdisciplinary. According to Abt associates, some of the

more promising complex models are those of: Brookings/Social

Science Research Council, which includes over 400 original

equations to describe interrelationships between technology and

society; an Abt associates model planned to describe "the Great

World Issues of 1980;" and an exploratory global computer model

for the year 2000 under development by Charles Osgood.

In assessing the usefulness of models to public policymaking,
the Abt researchers observe that whereas modeling is useful,

its importance and utility is limited by the lack of both

disaggregative data (of micro-economic variable or describing

the behavior of social sub-systems) and also sophistication in
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the techniques of model building. Economic models are more
precise and useful than socio-political models, but "only a few
economic models and a very few political models have demonstrated
predictive capabilities, and these are of short-term nature
(about 1 year)." Further development of models is recommended.

According to the survey, current modeling activities can be
usefully applied by Government in the following areas:
"identification and specific nation of objectives; observation
and description of complex processes; data collection requirements
identification; early warning and economic forecasting of crises;
generation of alternative plans; financial requirements
forecasting; resource allocation optimization; measurement of
program achievements...."

Examples of literature:

"Survey of the State of the Art: Social, Political, and Economic
Models and Simulations." Prepared for the Commission by Abt
Associates, Inc., Cambridge, Massachusetts. In "Applying
Technology to Unmet Needs." Appendix Volume V, Technology and
the American Economy, The Report of the Commission. Studies
prepared for the National Commission on Technology, Automation,
and Economic Progress. Washington, D.C. U.S. Government Printing
Office, February 1966, pages V-205 -WV-250.

Erich Jantach. "Technological Forecasting in Perspective."
Paris, Organisation for Economic Co-Operation and Development,
1967, pages 190-240.

Selyn Enzer, et. al. "A Simulation Game for the Study of State
Policies." A report of research conducted under a grant from
the Connecticut Research Commission. September 1969, Middletown,
Connecticut, Institute for the Future, September 1969, 69 pages.

E. Fontela. "Introducing Sociological Forecasting into Economic
Models of the Future." Futures, Vol. 1, No. 5, September 1969,
pages 380-1.

7(a) Models, SOCIAL AIND POLITICAL MODELS

According to the ABT Associates survey of social and political
models, such models are used primarily "for research and teaching
and are not directed toward forecasting..." Social and political
models are less mrecise than economic models. This is due to
the lack of a w al-defined theoretical base (necessary for
describing cbuges in social and political systems) and the lack
of an adequate and "...manipulable empirical base..,."
NeverthMeLss, the survey reports, some models are useful in
forecasting, because they "...deal both in substance and methods
with some of the critical problems of planners."

Olaf Helmer has developed a social model for forecasting
educational reform: "Since the main purpose of the primary and
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secondary school systems is to prepare children for adult life
by providing them with the necessary knowledge, skills, and
values, there is a considerable tihe lag between the laying of
plans for ... reform and the effects of such reform.... Any
sensible approach that does not aim merely at correcting present
or past ills must...include a survey of the expected needs of
our sc-iety in the half century between 1975 and 2025. A careful
solicitation and analysis of expert opinions in this regard might
be the first step. Areas of expertise to be covered would have
to include population statistics, economic conditions,
sociological implications of economic changes, scientific and
technological developments... and so on. Some of these forecasts
may be based on existing demographic and economic models, but
intuitive judgment is likely to play a dominant rcle...making...a
Delphi approach...mandatory. ...Such a preliminary
survey...might.. assess the relative probabilities of a teacher
shortage... and of a teacher surplus.... Once a rough over-
all pattern of the future educational needs of...society has
been established, one would have to turn to the question of
devising appropriate educational innovations.... These
innovations...might (include) administrative modifications, aimed
at changing the incentive structure regarding teachers as well
as students; they might involve changes in curriculums or in
teaching nethods....and they might even consist in the
introduction of radically new educational institutions...."

Examples of literature:

Olaf Helmer. "Social Technology." Contributions by Bernice
Brown and Theodore Gordon. New York, Basic Books, Inc., 1966,
108 pages.

Social Accounting, designed to provide better social statistics,
is an important consideration of current efforts to develop
social and political forecasting models. Basic materials are:

Bertram M. Gross. "The State of the Nation: Social Systems
Accounting." London, Social Science Paperbacks in association
with Tavistock Publications, 1966, 166 pages.

Raymond A. Bauer, ed. "Social Indicators." Cambridge, The
M.I.T. Press, 1966, 357 pages.

Eleanor Bernert Sheldon and Wilbert E. Moore, eds. "Indicators
of Social Change: Concepts and Measurements." New York, Russell
Sage Foundation, 1968, 822 pages.

Bertram M. Gross, ed. "Social Goals and Indicators for American
Society." The Annals of the American Academy of Political and
Social Science. Vol. I, May 1967, 177 pages; and Vol. II,
September 1967, 218 pages.
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Bertram M. Gross and Michael Springer, eds. "Political

Intelligence and America's Future." The Annals of the American
Academy of Political and Social Science, March 1970.

Part B: "Social accounting;" and Part E: "Social and Political
Forecasting," In "The Social Sciences and Public Policy: A
Selected, Annotated Bibliography." Genevieve Johanna Knezo,
Science Policy Research Division, Legislative Reference Service,
Library of Congress. Multilith, revised June 1970, 97 pages.
70-162 SP. An earlier version of this bibliography appears in:
U.S. Congress. Senate Cormraittee on Labor and Public Welfare.
"Full Opportunity Act." Bearings before the Special Subcommittee
on Evaluation and Planning of Social Programs of the... on S.5,
To promote the public welfare. July 7, 8, 10, 18; December 18,
1969; and March 13, 1970, 91st Congress, first and second
sessions. Washington, U.S. Government Printing Office, 1970,

pages 327-399.

7.(b) Models, RELEVANCE TREES, including horizontal and vertical
relevance trees:

Relevance tree techniques are used in both economic and socio-

political modeling. These techniques (also called reliance and
decision techniques) graphically depict: (1) the internal
factors of the development of a technology, all the decisions,

sub-decisions, and interrelationships between decisions needed
to create the technology, and (2) the external factors of the

impacts of the development of other technologies and motivating

and constraining forces in society and the economy. Relevance

trees are used primarily in marketing, planning, and R and D

programing for industrial products and services. Relevance
trees serve to answer the questions: "What technologies should

be forecast? What forces are relevant in making the forecast?

7.(b) (1) HORIZONTAL RELEVANCE TREES: The horizontal relevance
tree technique is used to identify the specific relationships
between changing environmental conditions and potential
scientific and engineering development. The use of this technique

in business operations permits the businessman to identify and

rank threats and opportunities to the technologies used in his
industrial operations.

7.(b) (2) VERTICAL RELEVANCE TREES: A vertical relevance tree is

a diagram explicitly identifying the many paths through which
a technology develops. All objectives and sub-objectives of
the technology are described; cost and performance of various

alternatives of each of the objectives are depicted under them,

and linked to the alternatives are the basic and applied research

needed to support the technological development. Formal
statistical technology forecasting methods can be applied to

each of the many competing paths. The main objectives is to
aid in decision-making; to relate distant objectives to the

action required to reach those objectives.
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Examples of literature:

Erich Jantsch. "Technological Forecasting in Perspective."
Paris, Organisation for Economic Cc-Operation and Develop gent,

1967, page 219.

Arthur P. Lien, Paul Anton, and Joseph W Duncan. "Technological

Forecasting: Tools, Techniques, Applications." American

Management Association, 1968, pages 19-21.

William J. Speppard. "Relevance Tree Analysis in Research

Planning." Technological Forecasting: An International Journal,

Vol. 1, No. 4, Spring 1970, pages 371-80.

M. Fischer. "Toward a Mathematical Theory of Relevance Trees,"

Technological Forecasting: An International Journal, Vol. 1.,

No. 4, Spring 1970, pages 381-90.

7.(c) Models, DECISION THEORY MODELS

The decision theory model approach is usually applied by a

corporation when a proposed research program or plan may make

a potential contribution to many different corporate objectives,
not only profit. The objective of model building is to develop

a series of decision network trees showing the interaction between

one technological development and another, and between one

decision and another with respect to the various economic and

technological objectives of the corporation.

The first step in applying this technique is to develop an

evaluative and/or normative chickgt assessing each decision

with respect to corporate objectives. Checklists encompass such

factors as: financial goals, research and development

characteristics, production characteristics, marketing factors,

competitive position, etc. The final step is to analyze the

material and derive a mathematical expression of the probability

of success of the proposed project. According to Jantsch, most

work in decision theory models is circumscribed by the need to

develop relevant checklists. And the shortcoming of this

approach, according to Jantsch, is the reduction of project

success to one probability index, whereas frequently a factor

which is only one part of that index may make the decisive impact

on the overall score.

Examples of literature:

Discussion taken from: Erich Jantsch. "Technological Forecasting

in Perspective." Paris, Organisation for Economic Co-Operation

and Development, Paris, 1967, pages 214-8.

Jantsch discusses the development of decision theory models in

several industries. Sources are:

I
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David M. Kiefer. "Winds of Change in Industrial Chemical
Research." Chemical and Engineering Ness, March 23, 1964, pages
88-109.

C.M. Mottley and R.D. Newton. "The Selection of Projects for
Industrial Research." Operations Research, November/December
1959, pages 740-51.

F.S. Pardee. "State of the Art Projection and Long-range Planning
of Applied Research." Report P-3181. The RAND Corporation,
July 1965, 24 pages.

William F. Butler and Robert A. Davesh, eds. "How Business
Economists Forecast." Prentice-Hall, 1968, 540 pages.

M.R. Baker and W.H. Round. "R and D Project Selection: Where
We Stand." IEEE Transactions in Engineering Management, December
1964, pages 124-34.

Edwin Mansfield. "Technical Change and the Rate of Imitation."
Econometrica, October 1961.

Additional materials are:

Maj. Joseph P. Martino. "The Methodology of Technological
Forecasting." The Futurist, April 1968, page 34.

Marvin B. Cetron and Bodo Bartocha. "A Forecasting Model to
Aid Research and Development Planning." Futures, Vol. 1, No.
6, December 1969, pages 479-87.

Marvin, J. Cetron and Edmund B. Mahinske. "The Value of
Technological Forecasting for the Research and Development
Manger." Futures, Vol. 1, No. 1, September 1968, pages 21-33.

H. Hunt. "Forecasting the Need for Research and Development."
Futures, Vol. 1, No. 5, September 1969, pages 382-90.

R.I. Hart. "Needs Research." Futures, Vol. 1, No. 5, September,
1969, pages 445-57.

Anne P. Carter. "Technological Forecasting and Input-Output
Analysis." Technological Forecasting: An International Journal,
Vol. 1, No. 4, Sprig, 1970, pages 331-46.

7.(c) (1) Examples of Decision Theory Models, STRATEGIC FORECASTING

"Planning is a process that visualizes future situations, makes
estimates ofi capabilities, and diagnoses future needs. Strategic
forecasting is the specialized branch of the planning activity
that is concerned with anticipating events and shaping appropriate
courses of action." It begins by identifying needs, especially
research and engineering functions, "...and works back to identify
the nature and amount of effort required to meet such needs."
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The purpose of strategic forecasting is not to predict, but to
generate new ideas to overcome technical barriers. "Then the
necessary research resources can be programmed to achieve the
desired technical events." For instance in using this technique
to project the future development of the use of bituminous coal,
traditional econometric forecasting is used to project the trends
of major components of energy consumption by source and form,
and the effects of contingent factors, such as different rates
of economic and population growth would be introduced. Pro-
jection of a high demand at _-__ future date would necessitate
expansion of mining operations and development of more
sophisticated extraction technology. Projection of a low demand
at that same date would call for another strategy, such as
expanding export markets or developing techniques to transform
coal "to more convenient liquid and gaseous forms. which might
permit the coal industry to make inroads" in the markets of
competitive fuels.

Examples of literature:

Discussion from: Charles M. Mottley. "The Application of
Strategic Forecasting to the Coal Industry." In James R. Bright,
ed. "Technological Forecasting for Industry and Government:
Methods and Applications." Englewood Cliffs, Prentice-Hall,
1968, pages 375-81.

Erich Jantsch. "Technological Forecasting in Perspective,"
Paris, Organisation for Economic Co-Operation and Development,
1967, pages 206-9.

7.(c) (1)(a) Examples of Decision Theory Models, Strategic
Forecasting, THE SCIENTIFIC SURVEY METHOD

"...Some extremely useful forecasts can be made (by business
firms) about the future nature and implications of early-state
research. Specifically, one can predict: a. which scientific
fields are likely to be attracting the most attention in the
near future; b. which fields will probably produce the most
relevant knowledge from the company's viewpoint in the next
several years; and c. what problems research is 'almost certain',
'likely', and 'most unlikely' to solve in the forseeable future."
Required to employ this technique are: 1. development of useful
criteria for support, and 2. development of a scale to rank'
possibilities against hypothetical future budget levels. Use
of this technique does not enable the researcher to predict a
particular solution to a problem. Choice of a solution is
dependent upon analysis of past experiences. Critics of this
approach says that it provides no room for assessing accidental
or unexpected scientific discoveries and developments, such as
the discovery of pencillin, and their impacts on scientific
development.

Examples of literature:
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Discussion taken from: Janes Brian Quinn. "Technological

Forecasting," Harvard Business Review, March/April 1967, pages

100-1.

7.(c) (2) Examples of Decision Theory Models, PATTERN

PATTERN in an acronym for Planning Assistance Through Technical

Evaluation of Relevance Numbers. It has been used primarily

by the Honeywell Corporation's Military and Space Science

Department to assess opportunities in military and space

activities.

PATTERN forecasting activities are done with computer. The

PATTERN scheme helps define the information needed to perform

the computer operations.

Jantsch describes Honeywell's use of the PATTERN technique as

follows: "A qualitative scenario attempts to assess national

objectives, activities, mission, etc., in the period between

1970 and 1980, and possibly beyond. These findings are then

used for the construction of the relevance tree and the assignment

of significance numbers (to answer the question: how significant

is the contribution of issue X to criterion y?).... At the same

time, a technology forecast is made at the primary systems level

and lower levels, aided by massive trend extrapolation and

envelope curve techniques as well as other forms of qualitative

and quantitative forecasting. ...(In addition) two sets of

characteristics are assessed explicitly: cross support, which

means spin-off to other areas or general technological growth

to be expected from tackling a specific technical system, status

(research, exploratory development, advanced development, product

design, availability) and timing for systems and subsystems.

... The next step is to develop levels of the relevance tree

corresponding to 'levels of technology transfer between social

systems and technology or technological resources.' 
" A matrix

is set up for each level to match issue against criteria.

(Establishment of criteria, weights given to criteria, and

significant number are based on evaluation of scenario 
and require

expert judgment.). "The total relevance figure of a particular

issue on any level is then obtained by multiplying upwards to

the top of the tree.... It is then possible to determine the

relevance of any particular item in the tree to all other items

in the tree or on one particular relevance level." 
Probabilistic

statements are then derived.

Examples of literature:

Erich Jantsch. "Technological Forecasting in Perspective,"

Paris, Organisation for Economic Co-Operation and Development,

1967, page 1219 ff.

William S. Beller. "Technique Ranks Space Objectives." Missiles

and Rockets, February 7, 1966, page 3.
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J.V. Sigford and R.H. Parvin. "Project PATTERN: A Methodology
for Determing Relevance :in Complex Decision-Making." IEEE
Transactions on Engiineering Management, Vol. EM-12, No. 1, March
1965, pages 9-13.
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