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PREFACE

This volume is the fifth of six appendix volumes to Technology and the American Economy, the

report of the National Commission on Technology, Automation, and Economic Progress. The full

series of appendix volumes is as follows:
I. The Outlook for Technological Change and Employment

II. The Employment Impact of Technological Change
III. Adjusting to Change
IV. Educational Implications of Technological Change
V. Applying Technology to Unmet Needs

VI. Statements Relating to the Impact of Technological Change
In pursuit of the Congressional mandate to "define those areas of unmet human and com-

munity needs toward which application of new technologies might most effectively be directed," the
Commission prevailed upon various experts to assess the state of technologies related to various social

needs. This volume, then, consists of 12 studies dealing with the problems of applying technology

to unmet needs.
Richard Duke examines the possibilities of the computer and other modem planning tools in

solving the problems of urban planning and metropolitan development. A team from the new
Department of Housing and Urban Development describes new innovations under study in the hous-

ing field. The Engineering Foundation turned its annual research conference to consideration of the

Commission's assignment. Its findings and recommendations are reported by James Alcott.
Simultaneous with the Commission's studies, the State of California undertook an important

experiment in the application of the systems skills of the aerospace industry to the solution of social

problems. Aerospace companies were asked to undertake feasibility studies of the application of

those skills to such problems as urban transportation and solid waste control. Harold Walt of the

California Department of Finance summarizes the results of those studies and the experiment. Black

and Forman examine the same experience and, extract from it an analysis of the usefulness of the

systems approach in handling large-scale complex social problems.
The Division of Air Pollution of the Public Health Service describes the problem of air pollution

and the alternative methods available for its control. The Federal Water Pollution Control Admin-

istration provides a similar analysis in its field as does the Office of Solid Wastes on the problem of

handling solid wastes.
Edward Hassell describes various attempts underway to bring order out of the Nation's trans-

portation chaos. James Dickson describes the impressive possibilities for health care of computerized

diagnostic screening systems.
Clark Abt and Associates were asked by the Commission to inventory the present state of the

art in using computer-aided modeling and simulation techniques in the solution of complex social,

political, and economic problems. Finally, Howick and Lesher evaluate the various techniques in

use designed to assure that potential civilian and commercial uses of technologies developed in the

space and defense efforts are not overlooked and neglected.
Additional studies prepared for the Commission are contained in Appendix Volumes I, II, III,

and IV. Appendix Volume VI contains a group of statements by various interested organizations
and individuals in response to a request from the Commission for their views on the impact of tech-

nological change. ,

Though the Commission does not necessarily endorse the information and views of these docu-

ments, it considers them of sufficient value to have directed their publication.
This volume was edited and prepared for publication by Judith Huxley.

GARTH L. MANGUM,
Executive Secretary.
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SYNOPSIS

America is an urban nation ; its emerging metropolitan centers are a totally new phenomenon
representing one of "the most serious single problems facing man. . . . " Intelligent management
is urgently required to insure that the tremendous investment these centers represent results in a
humane, as well as an efficient, environment.

While many disciplines are concerned with metropolitan growth, one, urban planning, is rapidly
orienting itself towards comprehensive planning needs. Recent theoretical work in this area sug-
gests that feasible metropolitan guidance systems can be developed.

Trial applications of these new concepts frequently founder on the core problem of a lack of
intrametropolitan information. Such data are a universal common denominator in metropolitan
problem solution. Because no single governmental unit typically represents the metropolitan area,
information is not organized at this level. Thus, a comprehensive system is urgently needed.

The technology required to solve this need either exists or can reasonably be expected in the
near future. Empirical efforts have been attempted, operating under severe resource constraints.
Success to date has been limited, but extraordinary results can be expected if a "critical mass" of
inpnts is achieved.

The main barriers to action lie in the nature of the metropolitan complex. No single unit of
government has the clear responsibility or the unobstructed authority to act. This diffusion of
responsibility obstructs a clear vision of the need as well as of the potential benefits. Bold solutions
are requiredinitially they will entail Federal financial aid as well as new State enabling legislation.

The product, a metropolitan management information system, would provide reliable information
on intrametropolitan phenomena to the existing power structure, both public and private. This will
inevitably result in changes within the owational structure of the metropolitan area; however,
these will stem from local initiative, a logical consequence of . the system.

The implications for national policy relative to metropolitan economic development are also
outlined.
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Urban Planning Lnd Metropolitan Development
the Role of Technology

The Nature of the Metropolis

After the question of keeping world peace, metro-
politan planning is probably the most serious single
problem facing man in the second half of the 20th
century?

This statement by the World Health Organiza-
tion in 1961 brings into focus the importance of
metropolitan growth to the economies of the
United States and the world. This country, which
has not yet completed the transition from a rural
to an urban society, now faces a phenomenon
totally new to mankind. The charges resulting
from urbanization and their implications aredocu-
mented extensively.2 This pa_per will not attempt
an extensive review of the findings of this vast and
growing literature; it will recapitulate certain
characteristics basic to the solution of many of the
problems of the typical metropolitan area :

1. It is a large and rapidly growing urban re-
gion. Estimates indicate that 85 percent of all
new growth will locate in these areas in the next
two decades.2

2. The area represents huge investments, both
private and public.

3. Each of these areas is in competition with
similar areas.4

4. Typically, its formal government consists of

a maze of local units overlaid by a great variety of
autonomous or semiautonomous authorities and
special districts.

5. One of its greatest strengths is the diversity
and tremendous variety of specializations found

in the population.

'John C. Bollens and Henry J. Schmandt, "The Metropolis:
Its People, Politics, and Economic Life" (New York & Evanston :
Harper & Row, 1965), p. 6.

2The literature on metropolitan phenomena is extensive ; four
references may serve as useful examples : Jean Gottman, Mega-
lopolis (New York : The Twentieth Century Fund, 1961), which
describes the urban community reaching from Virginia to Massa-
chusetts along our eastern seaboard ; Bollens and Schmandt, op.
cit., for a recent and thorough review of the metropolitan phe-
nomenon and :az impact on the American society ; Roscoe C.
Martin, Metropolis in Transition, Housing and Home Finance
Agency. U.S. Government Printing Office, 1963, a review in detail
of the various modes of adaption local governments have utilized
to meet changing urban needs ; Juan A. Casasco and Jerold V.
Matthews, Central Cities, Executive Report No. 251, July 1965,

which presents In capsule form the dimensions of the problem
and highlights the potentials for industry.

3 Roscoe C. Martin, op. cit., foreword.
*For a review of the intermetropolitan bargain3ng process, see

Sohn E. Bebout and Harry C. Bredemeier, "American Cities as
Social Systems," Journal of the American Institute of Planners,
May 1963, PP. 64-75.

6. It covers a large _land mass frequently en-
compassing widely different geographic charac-
teristics.

7. A great multitude of services must be _per-
formed, and these typically may be handled by
either private or public agencies.

8. It performs a. huge variety of functions for
the region and Nation: Transportation and com-
mimications, health and welfare, labor pool, de-
velopment of management skills, banking and
finance, art and culture, law, a base point for sci-
entists and research people, etc.

9. It is particularly
i
sensitive to State and Fed-

eral piograms; 5 the nternal policy of e myriad
of Federal agencies creates a kaleidoscope of
local actions and reactions, often. poorly coordi-
nated or conflicting.

10. It is constituted byr a diverse group of deci-
sionmakers pursuing limited goals. Whether they
are private or public, or operate cooperatively or
competitively, these decisionmakers operate with
incomplete knowledge, both of factual data and
established policy.6

The metropolis '
then, is vast, both in terms of

land area and. popillation; it is growing rapidly ;

it is extraordinarily complexeconomically, phys-
ically, socially,. po."ideally. Representing a stag-
gering economic investment., it will be the focal
point of most national activity in the coming dec-

ades. It is managed by a wide assortment of
political subdivisions which function only after
a fashion because each limits its concern to some
aspect or areal unit of the whole. Its human re-
sources are immense, and the skills they represent
can only be developed and retained in an urban
setting. Finally, growth, both qualitatively and
quantitatively, is greatly influenced by exogenous
forces, particularly the Federal Government.

Management of this resource in any comprehen-
sive, rational, long-range perspective is almost
nonexistent. An organization so huge, so com-
plex, so critical to national strength, so interde-

3 Norman Beckman, "Our Federal System and Urban Develop-
mentThe Adaptation of Form to Function," Journal of the
American Institute of Planners, August 1963, pp. 152-167.

6 For an examination of the provision of governmental services
alternatively by a centralized or decentralized governmental sys-
tem operating under quasi-market conditions, see Robert warren,
"A Municipal Senrices Market Model of Metropolitan Organiza-
tion," Journal of the American Institute of Planners, August
1964, pp. 193-203.
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17-8 STUDIES : APPLYING TECHNOLOGY TO UNMET NEEDS

pendent, so subject to outside factors requires some
control mechanisms; management of urban re-
sources at a metropolitan scale is mandatory.

Urban PlanningNew Directions

The disciplines and professions concerned with
urban phenomena are leaion. Of these, urban
planning, a relatively new area of study that has
shown a remarkable flexibility in adapting to ur-
ban problems, may be of loarticular utility in aid-
ing in the management of metropolitan resources.
It is, perhaps, unique in combining a professional
concern for : (1) Urbanism as a phenomenon; (2)
coordination of the many specialties involved; (3)
deduction of goals or objectives from a public per-
spective; and. (1) formulation of alternative ac-
tions intended kr the fulfillment of these goals.

Traditionally, city planning has been primarily
concerned with ph.ysical growth in its various
manifestations, emphasizing objectives such as
orderly change, particularly of physical growth;
high efficiency of physical relationships; high
levels of public service; and development of an
optimal environment for heterogeneous activities
and individuals? City planning has, to a large
extent, focused on the concept of the "master" or
"comprehensive" plan., a notion, which while still
useful, is being supplemented by more sophisti-
cated d.evices. These include policy plans as sup-
plements to the old master plans, and the develop-
ment of capabilities to quickly formulate and
evaluate reasonable alternatives through tech-
niques such as simulation.

One major result of this evolution is the devel-
opment of what is essentially a new field of study,
comprehensive planning, oriented towards metro-
politan management problems.8 This field incor-
porates such comparatively recent intellectual ad-
vances as information and decision theory, game
theory, symbolic logic, communication th.eory,
simulation, queuing theory, linear programing,
and operations research techniques.

Evidence of the current emergence of compre-
hensive planning as a new field of endeavor may be
found not only in. the increased status of metropoli-
tan planning agencies but in the development of
a new theoretical base. Chapin's "Urban Devel-
opment Guidance System" serves as one example
of an operational framework for the new tech-
niques.9 The problem of goal formulation and
public response in the context of metropolitan de-

/ For an excellent summary review of the role of the city plan-
ner and the master plan as it now functions, see : Charles M.
Harr, "The Master Plan: An Inquiry in Dialogue Form," Land
Use Planning, a Casebook on the Use, Misuse, and Reuse of Urban
Land (Boston : Little, Brown & Co., 1959) pp. 730-744.

e Melville C. Branch, Jr., "Comprehensive Planning : A New
Field of Study," The Journal of the American Institute of Plan-
ners. August 1959, pp. 115-120.

F. Stuart Chapin, Jr., "Taking Stock of Techniques for Shap-
ing Urban Growth," The Journal of the American Institute of
Planners, May 1908, pp. 76-86.

cisionmaking is critical to any metropolitan-plan-
ning approach and is also receiving increased
attention. ° Another relatcd planning-develop-
ment framework which has been proposed "focuses
on the five classes of development assetshuman
resources, natural resources, private capital, pub-
lic capital, and organizationand develops their
implications at three crucial levelssuprametro-
politan, mdtropolitant and intrametropolitan." 11

The rapidly emerging field of comprehensive
planning, oriented toward the promotion of sound
metropolitan growth, will pursue somewhat differ-
ent objectives with new techniques. The new
breed of planners will place considerably less em-
phasis on negative hopes (i.e., the restriction of
p-owth through legalistic control) while pursuing
the objectives of developing an increased under-
standing of the metropolis and the positive ex-
loration of alternatives. The system will function

when the various decisionmakers (whether
diverse, as in the typical situation, or centralized,
as proposed in various forms of metropolitan gov-
ernment) have more complete knowledge.

Thus, the new metropolitan planning implies the
need for an information, system capable of esti-
mating current states; the prediction of future
states ; the interpretation of this information in
the public interest ; the translation of significant
findings into alternatives

7

the development of de-
vices for the public evalu ation of these alterna-
tives; and the dissemination of these fin
This information at each stage must be free y
available to all decisionmakers, public and pri-
vate, if the metropolitan information system is to
be effective.

InformationThe Root Problem

Information (interpreted data) is the universal
common denominator in metropolitan problem
solution; it is the core of any metropolitan growth-
management scheme, guidance mechanism, booster
campaign, or research effort, both private and pub-
lic. Many of the potential approaches alluded to
above for metropolitan management are of limited
value until a coherent information system exists.
A tremendous range of metropolitan-oriented un-
dertakings, private and public, operational and
research-development oriented, founder for lack
of data.

10 The following articles typify this interest : Paul Davidoff and
Thomas A. Reiner, "A Choice Theory of Planning," The Journal
of the American Institute of Planners, May 1962, pp. 103-115
Janet S. Reiner, Everett Reimer, and Thomas A. Reiner, "Client
Analysis and the Planning of Public Works," The Journal of the
American Institute of Planners, November 1963, pp. 270-282 ;
James Q. Wilson, "Planning and Politics : Citizen Participation
in Urban Renewal," Journal of the American Institute of Plan-
ners, November 1963, pp. 242-249 ; Paul N. Ylvisaker, "Diversity
and the Public Interest," Journal of the American Institute of
Planners, May 1961, pp. 107-117; and Norton E. Long, 'Plan-
ning and Politics in Urban Development" Journal of the Ameri-
can Institute of Planners, November 1959, pp. 167-169.

11 Harvey S. Perloff and Lowdon Ingo, Jr., "Planning and
Development in Metropolitan Affairs, ' Journal of the American
Institute of Planners, 11lay 1962, pp. 67-90.



URBAN PLANNING

The basic data required are formidable in them-
selvespeople, automobiles, -workers, levels of
skills, housing available, number of unemployed,
salaries, taxes, routes traveled, structures, land
characteristics, utilities, ad infinitumthey are
frequently dynamic in character, often subjective,
seldom. standardized (one basic source, the U.S.
Census Bureau, finds it necessary to change proce-
dures and definitions at each. 10-year interval),"
frequently recorded for a distinct geographic base,
consistently permeated with error, always slow to
be acquired, often in inappropriate format, seldom
in proper mode, normally not compatible with
data from other systems, always costly and gen-
erally incomplete, frequently politically sensitive,
often too late, seldom available in historical per-
spective, frequently impossible to relate to asso-
ciated data for want of mechanics. Metropolitan
information needs are acute."

Information is a root problem to many metro-
politan_ development effortsnot only those de-
scribed earlier, revolving about an increased un-
derstanding of the community and development of
appropriate management tools, but equally in
other areas of ongomg use and in research and de-
velopment activities. There exists an almos:; in-
finite demand for current use of conventional data.
In the private sector, there is the constant need
for information for market analysis, industrial
location problems, location of land for develop-
ment, housing studies, urban renewal relocation
and redevelopment efforts, shopping center loca-
tion stuclies.14

Public needs are also extensive. An unending
demand for information is created by such routine
functions as tax assessment and licensing activi-
ties, evaluation of deterioration, plan effectuation
efforts, school location problems, and studies of
social pathology (venereal disease, crime, mental
illness, juvenile delinquency, etc.) by appropriate
social agencies."

In city planning efforts alone, major percentages
ol mources are spent in data collection and anal-
ysis, with true planning functions being assigned

12 Leonore R. Siegelman, "A Technical Note on Housing Census
Comparability. 1950-1960," Journal of the American Institute
of Planners, February 1963, pp. 48-54.

13 John W. Bodine, "Penjerdel A Partnership," Journal of
the American Institute of Planners, August 1960, pp. 201-204.

14 Edgar M. Horwood, "Public Policy and the Outlying Shop-
ping Center." Journal of the American Institute of Planners,
November 1958, pp. 216422 ; Eleanor P. Wolf, "The Tipping
Point in Racially Changing Neighborhoods," Journal of the
American Institute of Planners, August 1963, pp. 217-222 ; Ber-
nard J. Frieden, "Locational Preferences in the Urban Housing
Market." Journal of the American Institute of Planners, Novem-
ber 1961, pp. 318-324 ; and Paul A. Wilhelm, "Industrial De-
velopment Planning." Journal of the American Institute of
Planners, August 1960, pp. 216-223.

11Fred Rosenberg. "Intra-Regional Failures in School Plan-
ning," Journal of the American Institute of Planners, winter
1957,13p. 49-56 ; J. Douglas Carroll, Jr., Roger L. Creighton. and
John It. Hamburg, "Transportation Planning for Central Areas,"
Journal of the American Institute of Planners, pp. 26-34 ;
Robert E. Coughlin, "The Capital Programming Problem," Jour-
nal of the American Inetitute of Planners, February 1960. pp.
39-48; and Hans-Wilkin 'iron Borries, "Local Finance and Com-
munity Development," Journal of the American Indtitute of
Planners, February 1964, pp. 8 4-45.
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minimal funds. Vast sums are expended for par-
ticular studiestraffic, land use, public o_pinion
inventories of every conceivable type. But these
are not generally undertaken in the context of any
overall framework, either because none exists or
because the costs are prohibitive. Further, these
data are frequently perishable, forcing complete
resurveys to be undertaken after a brief interlude.

One of the most important functions of the city
is to spawn new ideasto create an environment
which will encourage "pure" or "basic" research
activities. This function of research and develop-
ment is vital to the private sectorindustry and
commerceas well as to the public. Again, one
of the major impediments to research on metropoli-
tan problems lies in the information base. Per-
haps the most striking example of this is the
incongruous situation created l3y machine com-
patibility problems (computers generally can
communicate readily only with similar equip-
ment).

A major source of data is the U.S. Census which
gathers with relatively high accuracy detailed
data for small areas with an efficient, computerized
modem system. Theoretically, these data can be
transferred electronically to other systems; how-
ever, the type of equipment used by the census is
not readily availablel and obstacles to transferring
the digital information into a form which can be
handled by other computers are so formidable that
they normally preclude the direct use of census
information.

Increasing recognition is being given to the need
for an adequate information base for research pur-
poses, particularly small area data (intrametro-
politan) . The consistent failure to anticipate
major changes in the transportation system and
their subsequent obsolescence (for example, the
need to plan now for the postinteistate highway
era)" has resulted in the active concern of th.e
Federal Bureau of Public Roads. A recently ini-
tiated requirement for Fed-xal aid for certain
highway progrrams requires that ongoing planning
programs which utilize much small area data be
operational in metropolitan centers.17 The Bu-
reau of Public Roads, the U.S. Census, and the
American Institute of Planners have all formally
acknowledged the data problem relevant to intra-
metropolitan needs, and several national commit-
tees are pursuing a solution.

Emerging Technology

Fortunately, the technology exists to quantify
urban growth on a continuous basis for infra-

"Melville C. Branch, "Urban Planning and the New Mobility,"
Journal of the American Institute of Planners, February 1964,
pp. 2-9.

17 An early experiment along these lines is described in : Henry
Fagin, "The Penn-Jersey Transportation StudyThe Launching
of a Permanent Regional Planning Process," Journal of the
American Institute of Planners, February 1963, pp. 9-18.
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metropolitan areas, to project urban data for vari-
ous time periods with a reasonable degree of
sophistication, and to simulate the effects of al-
ternative courses of action and urban growth. In
short, it is technologically feasible to develop an
operational metropolitan management informa-
tion system. This system could be designed to
provide reliable information on many_ aspects of
mtrametropolitan phenomena to all potential
users, public and private, on a small-area basis
(parcels, people, etc.) ; and. to provide the inter-
metropolitan information required for a proper
regional and national perspective.

There have been a variety of efforts in this di-
rection, ranging from low budget, limited objec-
tive efforts in small communities to ambitious,
multiple-purpose efforts in metropolitan areas:8
The Federal Government, through the Housing
and Home Finance Agency, has sponsored re-
search into the development of appropriate gen-
eralized systems, particularly in the metropolitan
data center project in which five cities jointly at-
tempted the development of a viable system.
These various efforts have all met with limited
success, but they do provide sufficient operational
experience to form a basis from which more
sophisticated systems can evolve. One result of
these efforts is the enunciation of a basic concep-
tual approach to the problem. Hearle and Mason
have spelled out the major characteristics and re-
quirements of a metropolitan data system in some
detail; 19 numerous others have contributed to the
development of a theoretical base.2°

The technology for a working systemhard-
ware, software, data sources, updating procedures,
trained personnelexists at some level. There is
no question but that technological barriers could
be overcome (an industry that can launch astro-
nauts or photograph Mars can most assuredly
cope with these earth-bound problems). Further,
available technology could be used intelligently
now. Recent exciting advances in theory and con-
cepts enable the applied use of elaborate informa-
tion systems. Perhaps the best evidence of this
is contained in a recent special issue of the Journal
of the American, Institute of Planners which was
devoted exclusively to "Urban Development Mod-
els: New Tools for Planning." These models are
notorious for their consumption of information
lack of data remains the greatest single restraint

Is For a recent thorough review of various efforts that have
been undertaken, see : Richard T. McGinty, Metropolitan Data
Systems: A Review of Significant Developments and Suggested
Principles j'or the Implementation of a System, Master's Thesis,
Michigan State University, 1965.

ls Edward F. R. Hearle and Raymond T. Mason, A Data Proc.
esssing System for State and Local Governments (Englewood
Cliffs, N.J., Prentice Hall, Inc., 1963).

33 A review of related efforts is presented in Richard D. Duke
and Richard T. McGinty, An Annotated Bibliography on Urban
Data Systems, Institute for Community Development, Michigan
State University, 1964 (currently under revision).

to their full effective use.21 Other theoretical ad-
vancessystems theory, economic models (includ-
ing a system of regional accounts), city finance
and capital improvement programs, cost-revenue
and cost-benefit studies, choice theory, decision
theory, and a variety of operations research tech-
niquesare continumg to_ emerge and_ their suc-
cessful use hinges on an adequate data base.22

One major critical restraint impedes the suc-
cessful development of a metropolitan manage-
ment information system : Acceptance and use 14
the decisionmakers. While such a system is of
value for theoretical work, its initiation, develop-
ment, and continued maintenance require that it
be accepted as an operational tool by both public
and private decisionmakers in the metropolitan
area.

Barriers to Action

If an information system is of great potential,
and very likely is an inevitability, why is nom
functioning at an adequate level? There are a
variety of reasons :

1. Awareness of Need. It has been suggested that
the public demand for the ubiquitous ballpoint
pen was nil prior to its development and initial
marketing. Urban data needs are currently met,
in one fashion or another, as particular circum-
stances require. There is little recognition of the
tremendous utility of the system. proposed, except
among professionals and the more alert public
management personnel. This situation can be
'remedied by proper marketing strategies, par-
ticularly through the demonstration of one major
operational system.

2. Diffusion of Responsibility for Initiative. The
system proposed represents a formidable under-
taking. Because of the diverse decisionmaking
structure in the metropolitan area, there is no
agency or group clearly responsible or possessing
the authority to undertake such a venture. Be-

=Britton Harris (ed.), "Urban Development Models : New Tools
for Planning," Journal of the American Institute of Planners,
May 1965. Also see the lifity 1959 issue which was devoted to
similar material.

23 The following articles serve as a cross section of the develop-
lug theoretical base which requires extensive data : Melville C.
Branch, Jr., "Planning and Operations Research." Journal of
the American Institute for Planners, February 1957, pp. 168
175 ; William L. C. Wheaton, "Operations Research for Metro-
politan Planning," Journal of the A.merican Institute of Planners,
November 1963, pp. 250-259 ; Edwin Von Böventer, "Spatial
Organization Theory as a Basis for Regional Planning," Journal
of the American Institute of Planners, May 1964, pp. 90-100 ;
William L. C. Wheaton, "Applications of Cost-Revenue Studies
to Fringe Areas," Journal of the American Institute of Planners,
November 1959, pp. 170-174 L Edward G. Bennion, "Capital
Budgeting and Game Theory," Harvard Business Review, vol. 34
(195(3), pp. 115-123 ; Charles M. Tiebout, "Input-Output and
Foreign Trade Multiplier Models in Urban Research," Journal
of the A.merican Institute of Planners, August 1957, pp. 126-130 ;
Sidney Sonenblum and Louis H. Stern, "The Use of Economic
Projections in Planning," Journal of the American Institute of
Planners, May 1964, pp. 110-123 ; and John W. Dyckman, "Plan-
ning and Decision Theory," Journal of the American Institute of
Planners, November 1961, pp. 835-845.
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cause of its ultimate value to the Nation, impetus
should come from a Federal source; this will in
turn induce the States to provide adequate ena-
bling legislation. The local regional plaiming
agency, or similarly functioning group, might
then be designated the responsibility and authority
to develop the system.

3. Finance. The cost of such. a system, particu-
larly during initial development, will be hightoo
high to expect an adequate undertaking by funds
drawn from local sources. The system, to work
effectively, must reach a "critical mass" beyond.
which it will carry under its own momentum.
While costly by any measurement, it is certainly
many magmtudes less expensive than the explora-
tion of space2 and of no less critical value to the
Nation. Initiallyta combination of Federal, State,
and local finance is necessary with particular at-
tention directed towards developing financial sup-
port for services rendered to industry. Once
operational, continued maintenance costs should.
be a local responsibility.

4. Resistance of Local Decisionmakers. Any
scheme of this magnitude inevitably creates fear
in the entire hierarchy of personnel who currently
devote themselves to one aspect or another of pro-
viding information needs of the community. Evi-
dence of technological unemployment abounds in
their personal sphere, and they are quick to ap-
preciate possible negative impact of such a system
on a personal level. (both through loss of power
or prestige as well as loss of employment). The
key to success here is the development of a system
which provides information to the existing power
structure, at all levels, whatever its composition
as opposed to any notion of reorganization of du-
ties or centralization of power. Changes will occur
inevitably after such a system is operational, but
these should be the result of local mitiative and
should. result in adaptations which best fit the
peculiarities of local circumstances.

Operational gaming provides one potential de-
vice for assisting m overcoming the barrier of local
resistance that may be based on fear or inability
to conceive the utility of this new phenomenon.
This would demonstrate to decisionmakers at all
levels the potential and utility of an information
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system. Long in use for military purposes in the
form of war games, the gaming technique is receiv-
ing increasing attention in a number of disciplines,
particularly in an urban context. One federally
financed project (the METRO project sponsored
by HHFA) is maldng initial attempts in this
direction.23

5. Ethical Considerations. Probably the most
critical problem inherent in such a system is assur-
ing ethical use. The information ultimately in-.
eluded in this system will represent tremendous
powerpower which can easily be subverted to
undesirable ends. A file which reveals great detail
on the personal lives and private properties of the
citizenly does not imply a 1981. But it does re-
quire carefully detailed safeguards that protect
the rights of individuals and the political philoso-
phy of the Nation. State enabling legislation must
recognize this hazard and include adequate legal
safeguards.

Conclusion

A commission oriented towards "automation,
teclmology, and economic progress," whose vast
clientele are overwhelmingly urban dwellers,
should consider the advantages of supporting the
development of an "inventory control" scheme at
the intrametropolitan level. Such an information
system would be useful not only in the detection
and solution of current or impending problems but
also in exploring positive alternative policies for
metropolitan development. Several possible ways
are : (1) Development of the local economy, par-
ticularly through exploiting local advantages; (2)
the amelioration of a variety of social maladjust-
ments; (3) the pursuit of a more efficient physical
plant, through development of deliberate policies
for physical growth ; and (4) increasing the in-
ability of local political jurisdictions, resulting in
increased responsiveness to their constituents. As
a network of such systems emerges, it could assist
in the development of resource use strategies at the
regional level.

= Richard D. Duke, "Gaming Simulation in Urban Research,
Institute for Community Development," Michigan State Univer-
sity, 1964.
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Toohnnlogy, Aummation, and Economic Progress in
Housing and Urban Development

This paper outlines research and development
programs which can be pursued in areas of unmet
public servLa and social needs related to housing
and community development.

It is most important to note that in connection
with some of the suggested technological develop-
ments indicated below, there would have to be ac-
companying planning for the economic impact of
the mnovations. A large proportion of the finan-
cial structure of the country mvolves home mort-
gages and municipal revenue bonds secured by
existing homes and public facilities. They would
be affected by the development of technological
innovations, such as lower-priced homes and new
t3rpes of sewer, water, and mass transit systems.
Different types of labor might also be seriously
affected. New developments under programs that
would follow from the research and development
indicated here may result in technological unem-
ployment. Unless adequate provision is made to
meet ensuing problems, there would be no net_gain
from an overall public interest vie " , oint. Safe-
guards must be introduced against e ects of unem-
ployment in industries affected by new product
competition.

It is essential, therefore, that the development
of suggested technological innovations should be
paralleled by economic analysis and planning for
possible consequences. Such a course of action is
needed from a substantive point of view ; in addi-
tion, the existence of plans for economic adjust-
ment would reduce opposition to the innovations.

Need for Mass Production of Low-Cost Homes

There is a sizable need for low-cost housing units
in the U.S. According to the 1960 Census of
Housing, about 6.7 million households with in-
comes under $3,000, and about 3 million house-
holds with incomes between $3,000 and $4,999,
lived in units that needed either replacement or
some rehabilitation. If the 1950-60 experience is
any guide, roughly about 1.5 million of the 9.7
million units will be either demolished or lost to
the housing inventory through some other means.
Another 35 to 40 percent of the units would be
either rehabilitated or otherwise changed to an

acceptable cc -dition, even though some of these
units iray nol x completely updated. This leaves
about 45 I-, rcent of the mAts, er over 4 million,
which wo,2 remain in unsatisfactory condition
by the end of the decade ilnle-s they can be re-
habilitated or replaced at i cost within reach of
low- and moderate-income households. If we in-
clude, in addition, the number of low- and moder-
ate-income families whose housing units, though
previously in good condition, would deteriorate to
the point of needing replacement, then 5 million
low- and moderate-income families would be in
sea-ch of suitably priced housing.

While the proportion of families and individ-
uals in the lowest income brackets has diminished
considerably within the last 10 yearsmore so for
families than for unrelated individualsthe ac-
tual number of families and individuals in the
lowest income brackets (when income is measuisd
in constant dollars) has only decreased by 10 per-
cent ; and this number has been largely absorbed in
the next income bracket, which is only slightly
higher.

As new housing is being built, some of the exist-
ing units, particularly those that are somewhat
outdated as well as those beginning to show some
signs of deterioration, decrease sufficiently in value
to become within financial reach of low-income
families. However, this "filter-down process"
operates slowly and ineffectually as a source of
h.ousing for low-income households. By the time
existing units actually filter down to low-income
households, many are in pretty bad shape.

While a potential for several million low-cost
housing units seems to be indicated, one should not
proceed before determining in greater detail the
Mnd of units that may be needed. Thus, for ex-
ample, it is not enough to know the number of
households with annual incomes below some pre-
determined level, say $6,000 or $5,000. More pre-
cise income information is necessary, because at
the low-income levels income differences of $500
are meaningful. The size of families is also rele-
vant to the kind of housing to be designed, as is
the relationship between size of families and fam-
ily income. Similarly, it is important to know
some of the other characteristics of the families,
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such as how many are elderly, how many have
small children, and how many have adult mem-
bers only, since each type of family requires dif-
ferent kinds of housing. Consequently, as a first
step, a housing market study should be undertaken
to determine the need in terms of these character-
istics and other relevant factors, such as prices and
rents at which marketability of housing units
would be enhanced, and in which locale certain
types of needs are more prevalant than others. All
th.ese factors would influence the design criteria.

Housing design and production must deal not
only with single-family homes but also with multi-
family units, inasmuch as the livelihood and the
domicile of many low-income families are in cen-
tral cities where land sites are too costly for single-
family construction. Such newer ideas as solar
heating and cooling, with attendant lower operat-
ing costs, might be feasible in certain areas, but
that process still needs considerable development
and improvement before it can gain acceptance.
Development of thermoelectric technology in
heating and cooling also promises lower construc-
tion and operating costs. This is dependent, how-
ever, on the ability to develop cheap sources of
power as well as cheap conductor materials for
wall construction.

It should be recognized that a gap would exist
between the development of a technological break-
through and sufficient acceptance in the market
to warrant tooling-up and volume production in
factories. Some means of interim subsidy, liberal
fmancing, or guarantee of market would appear to
be needed, as well as an estimate of costs to take
care of this development period.

The availability of low-cost homes suitable for
families with low incomes may not in itself assure
marketability unless suitable financing is also
available. Thus, families with low incomes do
not generally have adequate cash for downpay-
ments, and they are limited in the size of monthly
payments they can afford. It is important, then,
that suitable financing be designed as part of the
package.

Present Housing Output

Initial capital costs and continuing maintenance
costs must be reduced to enable limited-income
families to live in desirable units of an adequate
size and in a suitable envil onment without requir-
ing the expenditure of an unduly large proportion
of their incomes for housing.

A reduction in housing costs that would make
new housing available for a broader income range
of families would also improve the operation of
the filtration process. For example, the resale of
a new $9,000 house after 5 years or so of occupancy
by the initial purchaser would provide acceptable
housing for still lower-income families who ac-

quire such units. In contrast, it would take many,
many more years for a new house in the $15,000 to
$20,000 bracket to decline in value sufficiently for
it to be purchased or rented by such low-income
families. In addition, by then the house may have
deteriorated so badly that it would not provide
acceptable shelter.

The proportion of low-priced new housing being
produced is also quite small. HUD-Census jomt
surveys show that of the 1961 sales of new single
family homes built for sale, only 11 percent were
sold for less than $12,500, and only 25 percent for
less than $15,000. The median sales price was $18,-
900. Moreover, in 1963, the comparable figures
were 13 percent for homes under $12,500, and 29
percent for homes under $15,000. Thus, the trend
is in the wrong direction because the proportion
sold in the low-priced field is declining. For new
multifamily units financed with FHA-insured
mortgages in 1964representing about 9 percent
of the total multifamily production in 1964the
median rent for one of the largest programs which
has the benefit of below-market interest rate financ-
ing was $102, and for another large program the
median rent was $225. Although similar figures
are not available for conventionally financed new
multifamily units, we have reason to believe that
the median rent would be higher than for those
financed with FHA-insured mortgages.

Over the years, Federal aid for new building
has been primarily financial. Downpayments re-
quired in connection with FHA-insured loans have
been reduced and loan maturities have been
stretched, thereby reducing the monthly payments
on the mortgage. This is commendable because it
has enabled many families who otherwise could
not have done so to purchase new homes or rent
new apartments. Th.8 liberalization in financing
terms, however, has about run its course and little
advantage is to be gained in striving for further
liberalization. Needed now is a direct attack on
reducing housing costs if the housing needs of
moderate-income families are to be met and a high
volume of housing production is to be maintained
to help support general economic activity at a high
level.

Potential Market for Mass Production of Low-
Priced Vacation Homes

Anticipated increases in leisure time and con-
tinued high incomes could spur a growing market
for vacation homes and second homes, particularly
if attractive low-cost units can be developed.

There were over 2 million vacant housing units
in 1960 which were either intended for seasonal
occupancy, (about 1.7 million) or for occasional
use (roughly 300,000). (These are generally re-
ferred to as second homes.) About three-fourths
of these units were outside standard metropolitan
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statistical areas; and about 50 percent of those
within standard metropolitan statistical areas were
outside central cities. In 1950, the number of sea-
sonally vacant units alone numbered about 1.1 mil-
lion. No figures are available for 1950 on the
number of vacant housing units intended by the
owners for occasional use. The seasonally vacant
units are mostly vacation homes used for summer
or winter recreation; others are cabins and houses
reserved for lodgers, herders, and migratory
workers. Thus, during the fifties seasonally va-
cant housing units increased by about 600,000,
probably indicating an increase m the number of
homes kept for occasional use too, although the
extent of their actual increase is not known.

With continued increase in leisure time and high
incomes, it would be reasonable to assume that the
potential increase in seasonally vacant housing
units during the sixties will be larger than during
the fifties. It seems likely that if low-priced, at-
tractive vacation homes and second homes could
be developed, their potential market could be sub-
stantially hicreased.

Needs for Basic Community Facilities

Between 1960 and 1975 the urban population is
expected to rise from 125 to 171 million, and the
per capita use of municipal water systems is ex-
pected to increase from 140 to 160 gallons per day.
As a result, municipal water consumption (ex-
cluding large industrial users) is expected to
crease from 17.5 to 27.4 billion gallons per day.

According to a study by the Department of
Commerce, public and private construction needs
for yfrater and sewer facilities during the period
1962-70 to provide for growth were estimated to
cost $18.5 billion, with about $9.3 billion for water
facilities and about $9.2 billion for sewer facili-
ties. These construction requirements do not take
into account the needs to remiNly present deficien-
cies or to offset obsolescence ancl depreciation ;
these backlogs were estimated at $20.6 billion as
of 1962.

Need for Urban Mass Transportation Facilities

In terms of broad public policy, assistance for
urban mass transportation has two interrelated
sets of objectives. The first is to help provide
sufficient public transportation so that people can
effectively choose between using it or their private
automobiles, ancl to give those without direct use
of automobilv i independent means of movement
within urban areas. 'The second is to encourage
urban areas to plan and provide sufficient public
transportation as part of a balanced transporta-
tion system to meet areawide needs for growth and
renewal at minimum total cost. The kinds of
transportation facilities that are installed and
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planned in the next few years will profoundly
affect the structure, appearance, and livability, as
well as the economic efficiency, of rapidly expand-
ing urban areas for at least the next generation.

The total need for capital investment in mass
transportation in the period 1961-71 was estimated
at $9.8 billion by the Institute of Public Admin-
istration. This includes $8.8 billion for improve-
ments already planned at that timeextensions of
existing systems, new systems, and rehabilitation
and replacement of buses and other rolling stock.
The remaining $1 billion was for new projects
which might be initiated during the period.

Two developments since 1961 suggest that capi-
tal requirements for public transportation in the
coming decade could amount to twice the estimated
$9.8 billion. First, the national intent to give
practical support to public transportation as ex-
pressed by the Urban-Mass Transportation Act of
1964 has greatly heightened interest in the salva-
tion, rehabilitation, and provision of new urban
mass transportation. Second, substantial progress
has been made in transportation planning for
urban areas throughout the country ; several of the
more advanced studies indicate a more extensive
need than anticipated earlier for ezpansion of
existing public transportation or for installing
new rapid transit facilities within the next decade.
With effective assistance now available, urban
areas can be expected to meet an increasing portion
of their total transportation needs through public
transportation rather than depending al ost en-
tirely on private transportation.

Technological Changes in the Past and Their
Effects on Housing

Technological changes which have affected the
housing product and the building process during
the last several years have been essentially hn-
provements of traditional methods and products.
There have not been any radical changes in the
type of product nor in the manner of its fabrica-
tion. Basically, the typical residential structure
is still put together piece by piece and part by
parteach supplied by indivnival supplier in-
dustriesat the buildmg site. These suppliers
enjoy varying degrees of technological advance-
ment.

Two major awl L 6rrelated reasons exist for this
adherence to tro idonalismcost and imperfect
substitutability. Housing essentially is enclosed
and equipped space, and its parts are heavy and
bulky. There are physical and logistical prcblems
of transporting a house or the parts for a model
house from factory to the site. In fact, transporta-
tion costs are significant even for certain building
items ; for example aggregate block, an essential
item is provided in large localities almost exclu-
sively by local manufacturers. Nevertheless, sub-
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stantial progress has been made in factory prefab-
rication of standard components that ma e up the
package for a home trucked to the site. A number
of firms produce models of various sizes and qual-
ity, and the volume of such production has been
increasingmanufactured home industry sources
have estimated that shipments in recent years have
accounted for more than one out of five single-
family home starts.

Imperfect substitutability represents another
barrier to technological breakthroughs. Conceiv-
ably, a whole bathroom assembly could be molded
in a one-piece plastic form. This, however, re-
quires use of a material that is both homogeneous
and which can be shaped by, heat and pressure.
Whether it would be able to furnish the same de-
gree of hardness, durability, and scratch resistance
as vitreous china and porcelainized steel is ques-
tionableespecially at the same cost. Would the
same material be suitable or economical for floor
and wall sections ? How would problems of sec-
tional replacement be accommodated ?

During the past several decades large advances
have been made in getting a better and compara-
tively, cheaper housing product, and these have
been based upon an improved technology. In some
cases, the improved technology has been repre-
sented by use of new tools and products; in others,
through a more efficient "engineering" or "rational-
ization" of the job. The two are necessarily inter-
related and interdependent.

Rationalizing the Building Operation

Rationalization of the building operation, just
as rationalization of automobile production, de-
pends upon an engineering breakdown of a many-
faceted activity into a number of individual, non-
complex operations that have a logical time se-
quence. Economies are achieved by applying a
repetitive operation to a product for production
runs of long duration. This, of course, can be
achieved only where there is a sufficiently large
number of houses to be producedfor example,
project construction. Project construction was
motivated during World War II by the Federal
Government in the development of war housing
built under contract by private builders. After
the war, they and other private entrepreneurs
benefited from the Federal example.

A logical expression of rationalized housing
production is to create a "housing factory" on the
building site itself, something which has been done
by the larger and more efficient builders. The
principles of this mechanization process are simple
and few : (1) Use of power equipment instead of
hand tools, (2) use of jigs and dies to obtain uni-
formity and precision of standard components, and
(3) where hand operations are involved, working

at the bench in an upright position, instead of
kneeling or bending.

To illustrate, the large-scale builder, after deter-
mining that he will market certain basic models
of a home, will utilize a portion of his site for a
factory, operation. (In many cases, this consists
only of a galvanized roof to provide protettion
against the rain.) Power saws will be used to
make precision cuts in lumber ; the precut lumber
will be arranged on a jig (say,, for modular wall
sections) ; and a power press will apply nail plates
for fastening. In many, instances, this will repre-
sent the extent of the builder's own factory and
preassembly operation, and he will depend upon
subcontractors for other components. He will pur-
chase millwork from a firm in the area which has
a similar assemblyline operation. He will buy
completely glazed and primer coated window as-
semblies for insertion into the fabricated modular
wall sections and doors which will already have
been hung on frames and furnished with. hard-
ware.

Precision-cut lengths of copper tubing will have
been previously assembled into plumbing trees on
flat benches by the builder or his plumbing con-
tractor, and similarly sheet metal contractors will
have assembled all ducts, gutters, and downspouts.

The actual homebuilding operation at the build-
ing lot site becomes primarily an assembly process
with actual fabrication largely carried out under
factory conditions. Practical problems of build-
ing site conditions and the building process fre-
quently, set the limits of factory preassembly. The
site is fi.equently muddy and rough, and prema-
ture histallation of exterior finish might require
refinishing as a result of dirtying and splintering.
Interior finishing must await completion of me-
chanical and electrical work.

Use of Mechanical Equipment

Use of power equipment has greatly increased
worker efficiency. Earthmoving and trenching
machinery have reduced the costs of site prepara-
tion. Carpenter productivity has been increased
by electric handtools and such devices as guns
which fasten wood to concrete. Improved staplers
allow more efficient roofing installations. Porta-
ble cranes allow wall sections to be lifted into place
on the foundation slab or wall.

New Kinds of Materials and Products

The cost of building is measured only in part
by the cost of materials ; equally critical is the cost
of their. installation. Enclosure of interior space
has been facilitated by, use of plywood and wall-
board. A single 4 x 8-foot sheet of these materials
can cover 32 square feet and obtain improved struc-
tural rigidity with fewer nailing operations. In
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the great majority of cases, interior wall installa-
tions haire switched to gypsum sheets, replacing
the substantially more expensive lath and plaster
process. Copper tubing has generally replaced
galvanized piping for water lines and, in fact, is
replacing cast iron for waste lines. Asphalt and
asbestos composition tiles have reduced costs of
finished floormg. In masonry construction, ag-
gregate blocks of over 100-square-inch lateral di-
mension have relegated brick to "finish" purposes.

What Has Not Been Done

If housing production can be compared to auto-
mobile production, the deficiencies of rationaliza-
tion and technological advances achieved thus far
are readily recognized. Many of the efficiencies
in automobile production result from using a single
material, steel, which is stamped, punched, drilled,
and machined. In contrast, literally hundreds of
different kinds of materials are used in housing
production. There is much greater dependence
upon outside suppliers, with attendant problems
of obtaining read.y flow of materials to the site and
the disadvantages of small-scale purchases. Auto-
mobile production, despite annual style changes,
relies upon long, continuous runs of the same com-
ponents, such as frames and body shells. Prime
manufacturers or subcontractors will modify such
components, as axles, transmissions, and gear as-
semblies only infrequently, and only in response
to engineering economies or improvements. So-
called style changes in the automobile industry are
essentially cosmetic, consisting of changes in ex-
terior sheet metal work, glass,

i
and trim. In con-

trast, each housing producer s required to work
with a variety of moclules and even here the mdi-
vidual purchaser may demand basic structural
modifications, e.g., a dormer roof, changes in fen-
estration, etc.

Although the homebuilder uses many power
tools for assembly purposes, they are relatively
primitive when compared to the tools used in the
automobile industry. The casting and boring of a
motor block, for example, is now a fully automated
operation. In contrast, the assembly of a housing
prefabricated roof truss or a wall module requires
fro:pent manhandling of material.

Despite the large gams that have been made in
rationalization of the process and application of
new tools and materials, housing construction, in
terms of a factory operation, is still a primitive
operation.

Economies in Multifamily Housing

The foregoing has dealt pri arily with small
home construction ; that is, single-family units,
two-to-four family structures, and walkup garden
apartments. There have also been technological
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advances in structures defined as elevator or high-
rise construct; on, of either a fireproof or semifire-
proof type.

Such. advances are more limited because of the
higher requirements for structural strength, rigid-
ity, and fire resistance which can be obtained es,sen
tially only from concrete or steel. Nevertheless,
economies have been obtained as a result of im-
proved flow of work and materials, which, in turn,
have been abetted by an improved technology.
High-speed construction elevators allow materials
to be brought to each floor with minimum delay.
Spectacular advances in crane design allow mas-
sive loads to be handled with precision and dex-
terity. Giant earth movers have accelerated foun-
dation. preparations. Use of new materials has
been intermixed with. new construction techniques.
Treated plywood forms, as well as steel forms,
have enabled neat pouring of concrete which does
not need cosmetic finish. Improved qualities of
concrete and mixtures used in conjunction with
better reinforcing rods allow greater ceiling and
floor spans to be achieved with fewer support walls
and columns. There also has been substantial
progress in precasting columns and beams (fre-
quently prestressed) at a factory site, and there has
also been factory prefabrication of concrete ex-
terior wall panels, with vibration permitting ex-
ceptionally smooth surfaces. Thin-skin exterior
walls of porcelain steel or metal have also been.
used, although more in commercial buildings than
in residential structures. In terms of interior fin-
ish, vinyl flooring has replaced the more expensive
terazzo floors, and some communities allow guns to
be used to apply plaster to interior walls.

Probable Technological Advances in Building
Methods in the Next 10 Years 1

The next decade will see a one-third increase
in the volume of annual housing production, from
1.5 million to 2 million units. This will be required
to accommodate the accelerated rate of new family
formations among the post-World War II baby
crop, for continued rural-to-urban migration, and
for continuing small town to metropolitan area.
movements.

Continuation, and, in fact, enlargement of large-.
scale project construction will be required. Such
construction will be facilitated by Federal pro-
grams for land development mortgage insurance
and loans and grants for community facilities.
Expanded large-scale operations will enable con-
tinued progress in rationalization of the building
process.

With. better and more flexible equipment, hous-
ing producers will tend to use to an even higher

1 See appendix for summary of survey results of building re-
search in Government and industry and anticipated related
technological changes.
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degree "housing factories" at the site. Increas-
ingly, factory operations will be substituted for
in-the-house operations. This, for example, might
be reflected in modular wall assemblies completely
finished in the factory building with prewiring
and preducting. Logically, this could be extended
to fabricating utility wall or utility core installa-
tions on the site, which can, be lifted by a crane
and set into place.

New tools and equipment will help reduce labor
costs. IJ 1- -eight automatic nailers, for exam-
ple, req7 nly positioning of the operator and
his mater,....s, could become commonplace. New
and more efficient devices for handling and posi-
tioning materials will al' Nw the use of larger com-
ponents; for example, a giant jig set over a foun-
dation with component parts dropped and held in
appropriate place, leavmg the worker concerned
only with fastening operations.

New breakthroughs can be expected in masonry
construction. Portable machinery may permit
automatic bricklaying, in effect, with the equip-
ment spreading mortar, setting the brick, and
finishing the joints.

The need for interior mechanical equipment may
be reduced to a minimum via centralized sources
of heat and refrigeration in new and existing com-
munities. A central source of hot or refrigerated
water could eliminate individual furnace and air-
conditioning equipment, with homes needing only
valves, convectors, and fans.

The costs of wiring installation might be sub-
stantially reduced by Iow-wattage luminous panels
for lighting. Replacement of separate heating
and air-conditioning equipment would also reduce
wiring needs.

With an outlook for a potential growth mar-
ket, many of the very large industrial firms will
channel their research and development talents to
the field of housing. Some progress has already
been noted.

The aluminum industry has been developing
modular elements which allow flexible design, uti-
lizing lightweight aluminum pillars and beams
that can be bolted together at the site; these, in
turn, provide support for thin-skinned metal-clad
exterior walls. This construction technique can
eliminate the need for expensive basement installa-
tions.

Solite thinking and preliminary planning litt:3
been devoted to adapting the spinning of impreg-
nated fiber used in making missile shells to making
shells for housing units. The type of fiber and
impregnation could be varied to meetdesired speci-
fications to produce thin, tough, and durable
lightweight shells, with the prospects of low costs.
Moreover, the spinning machines may not be toe
bulky, making temporary or movable factory-type
operations feasible and permitting fairly small as
well as large developments. However, the final

product would be quite different in appearance
from the traditional house, andmarketability thus
may be an impr tant factor.

Suggestions nave been made for a singlepressing
or extension of a whole house in two or three opera-
tions. A giant mold, into which a homogeneous
plastic and fiber material would be injected, would
allow the entire framing and exterior sheathing
of a house to ibe accomplished in one operation. A.
second molding would provide the entire utility
system, pipes, ductwork, and electrical conduits.
A. third molding would press out interior walls
complete with built-in shelves, cabinets, and seat-
ing, and with receptacles for utility equipment,
such as furnace, sinks, etc. In such an operation,
the factory would have to be located immediately
adjacent to the building site; this would be pos-
sible and economical where the project construc-
tion is large enough.

Advances can also be expected in the field of
elevator apartment house construction. Contin-
ued progress can be looked for in the techniques
of pouring larger components and lifting them in-
to place with improved, more powerful cranes and
jacks. Even now, entire floors are poured in one
operation on an already completed slab, with the
floor jacked into a second story position and sup-
porting columns put in place. The completed
second floor, for example, provides the base for
pourhig the third floor, and on to the very top of
the building.

Another technique which might result in econ-
omies will be "hanging" floors from completed
central utility core structural elements, represent-
ing a borrowing from bridge-building techniques.
By freeing the exterior of the building from fram-.
ing elements, thinner exterior walls are obtainable
at cost savings.

Experience in other countries points the way
to more efficient employment of existing tech-
nological know-how. In Russia, for example, en-
tire apartment units are cast in a single operation
and lifted by crane to their appropriate place in
the structure. However, these are comparatively
small units, and whether the technique is suit-
able for the larger-sized units of this country is
questionable.

Chemical research will certainly develop new
and better concrete aggregates that will supply
equivalent or greater strength with less bulk and
weight and which will require less reinforcing.
This would result in lower cost foundations, great-
er efficiency of hoists and cranes, etc. These new
aggregates, combined with improved pouring tech-
niques, will also enable casting with much great-
er smoothness, thus avoiding expenses GI: final, cos-
metic finish.

Technological know-how will also be applied to
rehabilitation and property improvement. Many
structurally sound but older buildings have be-
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come susceptible to rapid depreciation because
their amenities no longer meet the requirements of
a discriminating rental market. These buildings
can be brought back to competitive status by, for
example, installing modern elevators and new
kitchens and bathrooms. One potentially promis-
ing way of approaching this job is a technique con-
sisting of working from the top down. Kitchens
and baths in most buildings are arranged in a ver-
tical stack to obtain the economies of straight runs
of water and waste lines. The roof over this
t stack" can be opened, and after the old kitchens
and baths have been removed by a crane, fully as-
sembled units, complete to tiling and equipment
installation, can be lowered into the vacated space.
Interior stair wells can be converted to elevator
shafts, and fire corridors and stairs installed as an
"add-on," or by taking space from existing units.

Another suggestion for rehabilitating existing
units consists of abandoning and disconnecting ex-
;sting utility lines in obsolescent buildings and re-
placmg them by entirely new systems. These
would be installed at ceiling height and masked by
a new, suspended ceiling. Many older apartment
houses have ceilings in excess of 8 feet, which would
allow such installations.

Advances in new resins and glues will reduce the
need for mechanical fastenings and allow lighter
components. These, in turn, will permit greater
worker efficiency and will shorten construction
time. Resistance to twist and distortion by heavy
winds would be achieved by as shnple a process as
banding the completed structure with steel strips,
such as that done in packaging. Instead of relying
upon weight to resist gales and hurricanes, light-
weight h.ousing can be tied to the ground with
cables attached to several buried anchors.

Current Experimental Building Projects

Another promising development in factory pro-
duction of whole houses (as contrasted to com-
ponents) is the low-cost concrete house where the
whole house would be poured in one piece in a
semiportable factory and transported to sites with-
in 20 or 30 miles. More experiments in the factory
production of whole houses are needed because of
greater potential economies in this approach.
Since these experiments are limited to single-fam-
ily houses, results of these experiments also need
to be adapted to multistory residential construc-
tion.

The Department of Defense has developed two
types of collapsible houses built of wood. Onea
1,100 square foot, one-story house containing three
bedrooms and one and one-half bathsis factory
fabricated and can be collapsed and shipped over
highways. It is also relocatable, in that once
erected it can be collapsed and transported to an-
other site. Contracts have been executed for 1,012
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such houses at delivered price of $10,000 per unit,
excluding land and foundation; 207 have been
shipped on a flattop to the Philippines.

The second type is collapsible but is not intended
to be relocatable. It is designed to take advantage
of factory fabrication of large components and
may be erected to form semidetached or row houses.

The HUD low-income housing demonstration
program is assisting in the fmancmg of a number
of promising experiments. One experiment is be-
ing conducted by the University of California to
develop a prototype low-cost house suitable for a
hot-dry climate providing comfort without me-
chanical air-conditioning. The study phase, which
is completed, indicated that utilization of natural
breezes is the most efficientmeans of achieving com-
fort, and the experimental house is shaped so that
all rooms benefit from natural air circulation, In
addition shading devices around the windows min-
imize the effects of the sun, and reflective white
paintis applied to the entire exterior, includingthe
roof.

Experimentation with double roofs indicated
that these reduce the inside temperature substan-
tially, but in the absence of air circulation not to
the point of comfort.

Construction of three prototype houses is ex-
pected this summer, with cost of each of the 900-
square-foot structures estimated at about $7,000,
including land.

A second experiment under the program is being
conducted by Housing Research, Inc., in Michigan
City, which is developing techniques for stacking
factory-designed housing sections around a com-
mon utility core to achieve low-density, multilevel
housing for low-income families. This represents
an attempt to capitalize on the experience and
know-how of manufacturers of mobile homes in
developing component sections. Construction of a
mock-up building is scheduled for the summer of
1966.

A third experiment is being conducted by Pratt
Institute, New York, which is developing cost-
reductive methods for the construction of multi-
story apartment structures under conditions free
of building code restrictions which typically pre-
vent the use of some possible techniques. The
study phase, including survey and analysis of ma-
terials, costs, methods, and development of tech-
nical and livability standards, has been completed.
Tested will be the cost-saving potential of several
building systems, such as structural steel framing
and precast concrete with prefabricated utility
units (bath and kitchen) ; of materials, such as
lightweight steel of higher stress capability; and
of components, such as entire wall sections made of
a variety of materials. A building under construc-
tion in Carteret, New Jsrsey, will test erection
techniques, acoustics, fire resistance, durability,
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etc., and the development of the utility core for
factory production is underway.

Potential Breakthroughs in Urban Develop-
ment

In urban development, the potential break-
throughs with the greatest relevance would be the
development of the waterlws toilet; the elimina-
tion of industrial and residential wastes (deter-
gents, for example) at their source, or failing this
the development of economies in scale in the treat-
ment of these wastes at a central point; the im-
provement of intrametropolitan transportation,
including new developments such as the air-cush-
ion principle, and better utilization of existing
traditional facilities, such as dovetailing freight
transportation during off-peak periods with trans-
porting people during peak periods.

In recent years Federal assistance has also
spurred the orderly planning of urban areas to
meet future growth needs to provide for the cre-
ation of efficient economic entities. We incur con-
siderable economic as well as social wastes because
the location of jobs, homes, and shopping and cul-
tural facilities necessitates needless transportation
which is not only costly but also wasteful of a per-
son's time.

Impediments

Problems of institutional rigidities that hinder
wide technological breakthroughs will continue
during the next decade. Anachronistic local
building codes and resistance of the craft unions
to possible loss of jobs will continue to be encoun-
tered. Progress with regard to building codes can
be expected as increasing numbers of localities
subscribe to national standards and criteria.
With respect to craft unions, the prospects for
continued full employment, in the building trades
and possible shortages in craft skills will lessen
resistance to use of new materials and techniques.

The development of new materials and methods
for residential construction cannot be adapted to
a mass production market as long as there are
thousands of different local building codes in the
U.S. Even in a single metropolitan area there
may often be 50 or more local building codes.
Furthermore, many of the local building codes
contain archaic specifications to protect the inter-
ests of particular materials manufacturers or
building trades groups. Dramatic and forceful
action is needed to initiate a means for moderniz-
ing building codes, for using performance stand-
ards, and for much greater uniformity among
local building codes.

A high proportion of total housing construction
expenditure is for labor, and labor costs have been

increasing. Over the last 4 years, for example,
average hourly earnings in building construction
increased 12 percent. The wholesale price of con-
struction materials, on the other hancl, showed a
slight decline.

According to a recent BLS study of labor and
material requirements for private one-family house
construction, wage payments to on-site labor aver-
ages about 22 percent of the total construction
price. The on-site labor costs are those that many
analysts believe to be an important .factor in the
high cost of construction. If more of the labor
can be performed in a factory under controlled
and more effective working conditions with closer
supervision, productivity is boimd to increase.

Obsolete construction methods often prevent the
use of prefabricated assemblies. Varying codes
also have made it impractical for a builder to
buy many building materials in a large quantity
or standardize in a significant way. Many build-
ing codes are tied to rigid and outworn specifica-
tions that prevent the use of now products and
methods. Many new products could meet or ex-
ceed reasonable performance requirements and re-
duce construction costs since they are cheaper to
produce and a number also cut installation time.
Unfortunately, building trade unions in a number
of areas support outmoded building codes for fear
that less labor time will be required or that a craft
skill might be made obsolete through the intro-
duction of new materials or prefabricated com-
ponents. If this problem is to be overcome, it may
be necessary to work with the building trades
unions and arrange for retraining and compensa-
tory severance pay in substantial amounts for
craftsmen who become technologically unem-
ployed. The new materials and components
might even be taxed slightly to provide the neces-
sary funds.

Another deterrent to technological advance will
be consumer tastes and preferences. An affluent
society will insist that housing is attractive and
distinctive, and the factory product will have to
satisfy these desires. In this respect, departure
from traditional exterior materials such as stone
and brick may be difficult to achieve. The new
materials will have to supply an equivalent degree
of texture, shadow, and eye appeal.

The new technological breakthroughs, however,
will also serve the purpose of obtaining greater
efficiencies in the use of traditional materials and
techniques. Advances in both areas can bc antici-
pated.

Role of Government

The Federal Government should assume active
leadership in research for housingother than
product researchand community development.
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Private industry has made considerable progress
in product development and can be expected to
continue to do so. Research needed deals with the
housing unit as a whole to improve building sys-
tems, livability, etc.; the relation of the housing
unit to the site to reduce land and site development
costs ; and the relation of the house to the com-
munity to provide adequate public, commercial,
and cultural facilities. This leadership role would
fill a research gap left by the home building in-
dustry, which, because it is composed predomi-
nantly of small-scale builders, has very little re-
sources for such research.

Governmental support is also needed for basic
research to establish performance criteria (e.g.,
moisture resistance, cold insulation, light, etc.) for
a house and various components. Such standards
could be adopted in local codes, permitting manu-
facturers to develop various types of materials
that could meet them. Appropriate Federal agen-
cies should provide leadership for local govern-
ment and industry in developing modern, accepta-
ble codes that will lead to widespread adoption and
greater uniformity. The groundwork for such an
effort could be laid in the study of codes, zoning,
and taxation to be undertaken by the Department
of Housing and Urban Development under Hous-
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ing and Urban Development Act of 1965 author-
ization.

There is also a need, as indicated previously, for
Federal assistance to private concerns which have
developed promising technological breakthroughs
with factory tooling-up for a pilot operation
and/or assurance of an initial market. It might
be possible to organize a "trial market" for mass
production of new materials or components under
one or more of the Government-supported housing
programs. This would help demonstrate the costs
which are achievable and test the marketability of
the housing unit.

Large-scale federally supported eity reconstruc-
tion can be combined with efforts to raise the
economic level of the poor by providing training
and jobs in comprehensively organized efforts.
This would be feasible under the Demonstration
Cities Program proposed by President Johnson.

It will be increasingly necessary to provide a
clearinghouse service for the collection and dis-
semination of these new breakthroughs and gains
since present trade and industry journals will not
be sufficient for comprehensive coverage. A logi-
cal source for such a service would be the Federal
Government, which can also evaluate the physical
and structural advantages of new products and
processes.
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Building Research and Anticipated Teclmological Changes in the Residential
Construction IndustryInventions and Innovations by Materials Producers
In response to a request by the Commission, the

Department of Housmg and Urban Development
has made a review of building research withm the
Federal Government and anticipated technological
changes in the residential construction industry.
Summarized here are the findings of an investiga-
tion of the technological developments that are
expected to occur in tb.e private sector over the next
decade?' Also summarized are activities of the
two primary Federal agencies involved in build-
ing research : Federal Housing Administration,
Department of Housing and Urban Development,
and National Bureau of Standards, Department of
Commerce.

Federal Housing Administration

The building research program of the Federal
Housing Administration is carried out under its
experimental housing program and technical
studies program. The FH.A experimental housing
program is a mortgage insurance program de-
signed to encourage the development of new de-
signs, materials, and techniques in. housing con-
struction on homes and multifamily properties
that incorporate new or untried concepts aimed
at reducing housing costs, raising living standards,
and improving neighborhoods.

The technical studies program is a technological
research program employed as an aid in establish-
ing minimum property standards as aids to oper-
atmg sections and FHA management for decision
making. Federal and private research facilities
are used in this program.

In its technical studies program, the Federal
Housing Administration recognizes the need for
more knowledge of the performance of various
building components. Although a large number
of industry tests and criteria exist, many of these
do not provide a sound product nor do they truly
represent a minimum acceptable standard.

In addition, industry standards presently apply
primarily to individual products, whereas these
products are usually usei in conjunction with

1In August 1965. the Housing and Home Finance Agency,
predecessor to the Department of Housing and Urban Develop-
ment, gave a contract to Battelle Memorial Institute to identify
the impact of techno:ogical change on the housing industry of
the U.S. between 1965 and 1975. This summary is based on
these findings.

others to form a system, such as a roof or a wall.
One product when used with one type of material
acceptable to FHA. may be quite satisfactory, but
when used with another type of material qually
acceptable to FHA, it may give an entirely cliffer-
ent performance. However, limited resources re-
strict the amount of technical studies which FHA
can undertake in the area of performance stand-
ards.

Since the beginning of the technical studies
program, FHA has given some emphasis to studies
aimed at reducing the cost of developing land ;
for example, installation of utilities, earthwork,
and streets. Completed studies in this general
category, which include studies on earthwork,
septic tank systems, and design of sewers, provide
immediate usable results and fit into the broader
concern of reducing land costs. Additional studies
are either underway or planned.

National Bureau of Standards

The bulk of direct Federal activity in building
research and technology is done in the Institute
for Applied Technology in the National Bureau of
Standards, particularly by the Division of Build-
ing Rese arch.

The IAT mission is to create appropriate oppor-
tunities for the application of technology in gov-
ernment and in civilian industry. The Institute
has a mediating role to play between the "develop-
ment" and the "use" of technology ; that is, it is
involved in reviewing and analyzing the state of
technology of the Nation in order to identify ap-
propriate opportunities for the Government to
promote the use of new technology.

In iegarcl to building research and technology,
the most important work of the Institute is cen-
tered in the Buildings Research Division, the cen-
tral government agency for developing test meth-
ods and performance criteria (identification of im-
portant performance characteristics) related to the
structural and environmental functions and the
safety and durability of building elements and sys-
tems. To this end, the Division of Building Re-
search conducts and sponsors scientific investiga-
tions and publishes technical information involv-
ing the chemistry, physics, mathematics, and engi-
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neering of building materials, components, sys-
tems, and complete structures. The Division co-
operates with public and private organizations
which draft, promulgate, and distribute standards
and codes for buildings.

The Division is comprised of five sections which
are concerned with (1) structures, (2) fire re-
search, (3) environmental engineering, (4) mate-
rial and composites, and (5) codes and standards.
Over the next 10 years the plans of the Division
are to concentrate on the following six program
areas:

1. A more comprehensive and effective flow of
the technical information generated in building in-
dustry science to the Nation is planned.

2. Systems analysis in building design. and per-
formance will receive attention. Systems analysis
often involves the use of computers, and because
the effects of many interacting variables can be
studied, it offers potential economy in materials
technology and improved efficiency in building
management.

3. Planned are studies on how building systems,
components, and materials react or deteriorate in
response to natural forces, such as heat, moisture,
solar radiation, wind, corrosive and particular
agents, and earthquake shock. These studies will
be done to develop test procedures, identify essen-
tial performance characteristics, apply systems
analysis, and understand design concepts.

4. Work will continue in identifying significant
performance characteristics and developing test
procedures to evaluate these characteristics.

5. The Building Research Division expects to
expand its program of reviewing testing labora-
tories.

6. The Building Research Division plans to pro-
vide greater assistance to public and private or-
ganizations responsible for standards and codes by
greater participation in appropriate committees,
by directing more of its technical output to the
needs of standards and codes, and by providing
greater staff assistance to the committee in the
preparation and reproduction and circulation of
draft documents.

Expected Technological Inventions and In-
novations, 1965-75

In the study on the impact of technological
change on the T.I.S. housing industry between 1965
and 1975, a basic distinction is made between in-
vention and innovation. Invention is usually de-
fined as the design or development of a new prod-
uct, piece of equipment, or process. When reason-
ably widespread use of an invention takes place,
innovation has occurred. Market acceptance and
use do not necessarily mean widespread diffusion
throughout the industry or the economy. Thus, a
technological advance which is accepted in 1965

may not have a significant impact upon the econ-
omy for several years or more.

The Battelle Institute report indicates that there
is considerable difficulty in measuring the rates of
diffusion of innovations. Any prediction of the
degree of market acceptance of a particular inno-
vation would require an in-depth study, and even
then such studies might not provide a reasonable
decree of certitude.

cceptance of technological advance is often
slowed or inhibited by labor union opposition, re-
strictive building codes, and reluctance of home
buyers to accept major technological advances.
The manufacturers of building materials know of
these problems and the resultant risks in new prod-
uct development. They are also aware of the time
involved in diffusing a successful development in
the marketplace.

The Battelle Institute study was based on abrief
survey of the literature in the field and interviews
with 19 industrial product manufacturers, 3 engi-
neering firms, 3 research firms, 3 homebuilders, 2
architects, and 3 universities.

Technological advances of significance to the
residential construction industry were classified in
five general categories : (1) Design concepts, (2)
construction methods, (3) manufacturing proc-
esses, (4) materials and products, and (5) build-
ing components. The study lists 80 inventions un-
der these 5 categories. Estimated time for market
acceptance and use of the inventions were cate-
gorized according to 1965-75, after 1975, or no
estimate. Market acceptance and use between 1965
and 1975 were anticipated for 63 of the inventions,
7 after 1975, and for 10 inventions there was no
estimate on the time of acceptance.

The categories of design concepts included such
inventions as fold-out panel houses, preformed
plastic houses, inflatable houses, and filament-
wound houses. Included among new construction
methods were totally adhesive-bonded housing sys-
tems, explosive-actuated devices to nail structural
steel shapes and studs, and equipment to spray on
plastic foam thermal insulation. Several new
manufacturing processes were listed, including
float glass, electromechanical stress rating of struc-
tural lumber, and automated steel sandwich panel
production.

Over 40 of the inventions were classified under
the category of new materials and products, in-
cluding beam concrete, vinyl gutters and down-
spouts, electric radiant heating coils embedded in
wall fabric, prefinished steel roof shingles, lami-
nated melamine exterior surfaces, and photochemi-
cal glass. Among building component inventions
were aluminum-faced wall panel with plastic foam
cores, prebuilt brick wall panels, paper honeycomb
wall, floor and roof panels, and stainless steel slid-
ing and double-hung windows.
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A summary of industry views and expectations
on technological advances in their respective in-
dustries follows :

Chemical Industry. "Most chemical companies
observe residential and nonresidential construc-
tion with interest. At the same time they ap-
proach any specific opportunity with caution. In
spite of this general feeling of caution, they exude
great optimism about the potential for plastics in
construction."

Steel Industry. ". . . it appears that most steel
companies will continue to develop and distribute
materials and products to the residential construc-
tion field, but only incremental advances will be
made as the market demonstrates its willingness to
accept change."

The barriers to acceptance of new developments
in steel mentioned most frequently were code re-
strictions, labor union objections, and consumer
attitudes.

Aluminum Industry. "There is a great interest
within aluminum companies to develop further
markets for residential construction. The delays
already experienced in developing a market will
undoubtedly slow up further investments by alumi-
num companies. It may be 8 to 10 years before
aluminum will make a significant impact in the
residential field."

Aluminum is currently being made into exterior
war :Inels for high-rise apartments, and the next
logical potential development in residential con-
struction is the aluminum stressed skin panel.

Plumbing Industry. "There will probably be a
greater trend toward the use of plastic for bath-
tubs, shower bases, laundry tubs, lavatories, and
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counter tops. Already plastic bathtubs and
shower bases are being marketed. Within the next
10 years, it appears that combination plastic
plumbing-fixture components will be developed
and marketed."

Due to code restrictions and labor union oppo-
sition there is likely to be little trend toward pre-
formed bathroom units within the next few years.

ood Products Industry. Since wood products
are the traditional ones used in residential con-
struction, the industry generally favors the pres-
ent system of homebuikling. Wood product com-
panies are, however, expected to continue to de-
velop new products that will help maintain their
competitive position in the housing market.

Summary

In summary, product-oriented companies are ex-
pected to play an important role in technological
advances made in the residential construction in-
dustry over the next decade. New products will
not revolutionize the housing industry, but rather,
according to the Battelle Report, "technological
advances will occur in increments where new meth-
ods ,or new products substitute for conventional
ones, .and the risks of development and marketing
are low." Companies not in the construction field
who felt that there would be virtually no limit to
their success in residential construction markets
have learned to their dismay about the reluctance
of builders, particularly tract builders, to install
new products, about the reluctance of labor to ac-
cept new ways of doing things, and about the re-
luctance of the home buyer to live in a home with a
unique design or one much different from his
neighbor's.
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Technology and Urban Needs

Summary

The growing disparity between our ability as a
nation to create a hig14 sophisticated program
for space exploration and our inability to deal
successfully with community and human needs is
a major paradox of our society. The engineering
profession represents a principal body of techno-
logical capability and a group which should have
as a vital concern the social consequences and im-
plications of technology. The 1965 Engineering
Foundation Research Conference on "Technology
and Its Social Consequences" brought together a
group of 60 leading managers al research and de-
velopment to assess the subject.

The conference dealt with the overall charge of
the National Commission on. Technology, Auto-
mation, and Economic Progress, placing particu-
lar emphasis on the application of technology to
unmet community and human needs in the urban
context. The conference was structured to ex-
amine key areas of technology study the com-
plexities of applying technology to various non-
defense, nonspace problems; and explore methods
for accelerating the creative utilization of relevant
technology in. the urban community.

The overriding conclusion of the conference was
that new kinds of programs and new kinds of polit-
ical mechanisms are a prerequisite to the effective
use of technology to solve most urban problems.
Major barriers to realizing the full potential of
technology include the lack of consensus and prob-
lem definition in the cities, the lack of awareness
of new approaches, and the lack of interaction
among politicians, planners, and technologists.
The fact is that new technology has hardly been
applied at all to our principal urban needs in a
creative, integrative way, and this failure is the
fault of both those who create the technology and
those who would use it.

The conference focused its attention on mecha-
nisms for applying technology to our unmet urban
needs. The major problem areastransportation,
shelter, and communicationwere described, but
no attempt was made for a precise definition of
either the extent of that need or the extent of rele-
vant technology. It was generally agreed, how-
ever, that the existing stock of technology is ade-
quate, at least in latent form, to solve many of the
needs.

The conference also was in strong agreement
that the task of the Commission is among the most
significant issues confronting the American people
today, and urged that means be found to extend
the work of the Commission. The conference also
urged that the Engineering Foundation take ac-
tion to increase the participation of the engineer-
ing profession in. urban problems, making better
application of technology in the solution of social
problems.

Introduction

The Engineering Foundation sponsors a series
of conferences each year which deal largely with
technical subjects of interest to the profession.
Since 1963, one conference each year has dealt with
broader policy questions, and in 1965 a week-long
conference was held on "Technology and Its Social
Consequences." That meeting was attended by
some 60 persons, largely physical scientists and
engineers from industrial management, universi-
ties, government, and research institutions. This
report summarizes the conclusions and points of
consensus of the participants.

I. Conclusions

The conference arrived informally at three basic
conclusions about the social implications of
technology.

1. Technology is now available, or can be readily
developed, to make massive contributions to solv-
ing the major urban problems of the Nation. Most
of the Nation's unmet social and community needs
are subject to technical solutions or approaches not
now commonly employed. Thus, the engineer
should have an enlarged role in public programs
directed to meeting these needs. In many respects,
this is the traditional role of the engineer, as the
problem solver who brings technology to bear on
both public and private problems.

The assumption is probably oversimplified, how-
ever, that the needed technology without further
refinement is now available to solve most urban
problems. The evidence is good that the scientific
base is adequate and that there is now technology
for specific requirements; however, the need for
new and better technology still exists. The en-
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gineering and technical community must have a
better awareness of the needs for technology, in-
centives to develop the technology, support for
that development, and adequate opportunity for
application. There are many cases which would
support this posiaon.

2. Technology has become a major factor in eco-
nomic growth, probably the key element according
to studies by a number of economists. Disloca-
tions caused by the introduction of new technology
tend to be relatively short lived and may well be a
necessary price for economic progress. Such dis-
locations are closely related to other purely eco-
nomic factors. Automation, then, should not be
regarded as a major national threat or problem,
except in terms of short-term adjustment. The
real problems of automation have to do not with
the negative impact but rather with the opportuni-
ties and potentials afforded.

3. The role of government, and particularly the
Federal Government, is well accepted in the areas
of concern to the Commission. The scope of most
unmet needs is such that onl.y the Federal Govern-
ment has sufficient reserve to cope with them pres-
ently. However, the conference felt that new gov-
ernment structures can and must be found to deal
with technical problems and that the same sorts of
organizational changes which occur in the business
community are necessary and appropriate in the
political sphere.

The maior challenge confronting those con-
eArned with the social implications of technology,
then, has to do with finding or creating mecha-
nisms for dealing with new technology and not
with combating its adverse impacts.

IL Issues
The conferences identified 10 major issues for

discussion.
1. Perhaps the single most important issue cen-

ters on the great need for political innovation to
match urban development and the advance of tech-
nology. Most of our local government structures
are inadequate to deal with these issues today.
The rcsult is twofold : (a) The Federal Govern-
ment moves into areas of social need both directly
and indirectly, and (b) the number of ad hoc,
quasi-governmental units to deal with specific
pieces of the larger problem is rapidly increasing,
often under the stimulus of Federal funding.

2. The structure of our present urban society
and many of our urban problems and needs are a
direct result of Federal and other govermnental
policies and programs which have been operative
in the past. Our cities are characterized 13y polit-
ical fragmentation and by attention to pieces of
the whole and to short-term, and usually, capital,
costs. This fragmentation of political jurisdic-
tions continues to proliferate, further constraining
future action.

3. Definition and resolution of i Pban goals rep-
resent an unmet need in this cour y today, with
absence of clear understanding anct agreement on
goals a major barrier to achieving many other un-
met social needs. Goal definition and resolution
are a continuous and central part of the political
process, for which cur present methods are inade-
quate. Urban areas must be viewed by their citi-
zens as real entities and their problems as related
to the whole before effective action can be taken
on many issues to which technology can contribute.

4. An absence of consensus resulting from sev-
eral factors exists in this country about urban
needs or the priorities for their solution. The
problems exist most distinctly at the local level
where consensus is frequently difficult to achieve
and where the unit of govermnent is small and
focused upon largely obsolete or trivial issues.
The very 1arge number of units for political de-
cision making greatly increases the probability of
veto of new approaches.

The middle-class majority tends to dominate our
cities today, unlike earlier periods when the politi-
cal base was found in the lower socioeconomic
brackets. The American middle class is charac-
terized by growing affluence, upward mobility, and
a "play-orientation." It is not sufficiently well in-
formed about either the magnitude of the urban
problems or the technological possibilities for
their solution to provide a consistent, articulate
constituency for change.

The lack of effective constituencies, or of a true
consensus, finally means that there is no commit-
ment or policy for dealing with urban problems.
The result is that a number of different and often
unrelated or conflicting policies are formulated at
the Federal level to deal with various elements of
urban development.

5. Our economic system is largely dependent
upon the market mechanism to provid.e incentives
for making investment decisions. Private invest-
ment in projects needed to solve urban problems
will not be forthcoming unless a definite market
for certain goods and services is established. Our
economy is quite capable of providing technology
or of organizing systems, but our present urban
governments are not capable of creating a market
kr these products of private enterprise.

Unless ways can be found to bring private in-
dustry into the application of technology to urban
problems through a newly derived economic mech-
anism, it seems likely that political forces, particu-
larly at the Federal level, will move the decision
process away from the local level, hence reducing
the opportunity for exercise of local initiative and
imagination.

6. The present structure of the market is such
that there is little opportunity for field experimen-
tation. In housing, for example, it is extremely
difficult to assemble a large enough market to
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demonstrate both technical and economic feasibil-
ity of new approaches. The incentives for experi-
mentation on the part of private business, as a
result, are largely negative.

The profit motive does not appear likely to be an
efficient allocator of resources to the application of
technology to urban problems. Part of the answer
lies in creating a better match between the market-
place and the process of political decisionmakmg.

7. Existing political mechanisms are adequate
neither for the application of technology and sys-
tems approaches nor for good communication with
those who can. Most political mechanisms were
created to cope with specific problems or sets of
circumstances, and they deal with problems of a
technical nature only symptomatically. This
means that in urban development today, technol-
ogy is not used in adaptive, anticipatory ways
characteristic of the systems approach that has
been so successful in some other large-sca;1 public
and private enterprises. No self-correction factor
is built in.

Part of the problem arises from our transition
from an essentially individual-decision-based mar-
ket of rural, small-town society to the group de
cisionmaking that is basic to the urban social and
political situation.

Political entities and urban planners are using
scientists and engineers with increasing frequency,
but in the wrong way for the most part. Technical
people are too rarely involved in political policy
issues or goal setting. Instead they are called on
for the solution to housekeeping problems within
well established policy framework.

8. The engineer has been clasically thought of
as one who modified his total environment, but
today few scientists and engineers are preparee. to
participate effectively in public policy. This is
one reason why technology has been applied, for
the most part, only to social housekeepmg. En-
gineers are trained to measure objective variables
which exclude most of the social and political bar-
riers that are frequently governing. Engineers
are trained and rewarded for developing means
rather than goals, which are traditionally viewed
as the realm of the politician or the social scientist.
The training and professional development of the
engineer2 then, are inconsistent with his role as
the modifier of the environment.

The gap in his training lies in the area of help-
ing to define needs in policy, in making his knowl-
edge available to those charged with political
decisionmaking, and in being able to pose alterna-
tives which technology can offer.

Because of a lack of understanding most engi-
neers do not trust or understand the political sys-
tem, an attitude which is easily reinforced with
some unfavorable experiences in the political
realm. One outcome of such experience is the
tendency to practice within apparent political con-

V-37

straints and to accept politi ,al and social barriers
to new technology as largely fixed.

Science and technology have yet to demonstrate
the ability to deal successfully with social prob-
lems of an urban nation or for urban life generally.
There has been no real confrontation of science
and technology and urban needs.

9. Responsibility for the consequences, particu-
larly the social consequences, of technology is not
agreed upon, but has gravitated very much toward
the Federal Government. While there have been
dramatic instances involving an individual scien-
tist or engineer as to social responsibility, the over-
all problem is being resolved largely by default.

In the case of automation, there is little evi-
dence of real planning for the problems of social
dislocation. The burden of automation is seen to
be borne by industry, and ultimately by the con-
sumer. We have given inadequate attention to
the burden on the individual worker for whom
short-term dislocations may be all important. Our
social and political institutions do not now ade-
quately handle the problems of dislocation, with
the result that the burden frequently falls on in-
dividual workers, those least able to cope with the
problems.

In the case of environmental pollution or auto-
mobile safety., there is even less of a consensus as
to responsibility. Regulation by various govern-
mental levels is already in existence, but the prob-
lems remain.

10. General public awareness of science and tech-
nology or its consequences is inadequate. Outside
of large-scale industry, there is relatively little
receptivity to new technology on a broad scale. It
is frequenty viewed as a threat, at least in part,
because of the great emphasis placed on employ-
ment today. The communication links between
those who generate technology and those who con-
stitute the technological potential market are least
well developed in the public area.

III. Technology

While advancing technology is frequently a
major cause of many urban problems and unmet
needsenvironmental pollution, traffic congestion,
obsolete buildingsit also possesses the capability
to offer the solution to those problems. The con-
ference did not analyze the adequacy of technology
in detail. Technology and its application were
discussed in three broad and central areas : Shel-
ter, communication, and transport.

One reason that technology has not played a
more creative role in the development of better
urban areas is that neither its generators nor its
users consider urban requirements in any kind of a
systems context ; the focus is fragmented among
individual products and buying agencies. Thus,
we have the technology to construct the pieces of
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the city, but not the whole. Similarly, improve-
ments in major urban subsystems, like solid-waste
disposal systems, have not been developed for these
reasons.

The ultimate limits of technology are probably
found only in the very basic laws of matter ; the
real limits lie in our ability as a society or an urban
area to use technologry and to define requirements
for it. It is likely that many of the most impor-
tant changes in the next generation will relate to
information and control technology which will ex-
tend and modify present know-how.

Historically, technical problems have not been
the limiting ones. For teclmology to have its full
impact on a given situation, however, has fre-
quently required a group of technologists who are
not a part of the functional group dealing with
that situation. Several examples which suggest
that imaginative approaches can yield highly sig-
nificant results provide fruitful sources of knowl-
edge and guidance for further application.

1. The Nation's present space effort provides
perhaps the best case study of the massive applica-
tion of technology to a social or political goal.
NASA's program provides a large body of ex-
perience, insights, and innovations in organization
as well as technology which may be useful for the
job of building better cities. It has demonstrated
a number of relevant factors :

The clear value of a strong consensus on a well-
defined, narrow social and political goal.

How to go about a major project which involves
the organization of new systems of information
and decisionmaking.

How to use private industry and the profit mo-
tive to achieve a social goal.

How to go about a major national undertaking
involving science and technology to achieve a so-
cial purpose.

2. The studies for the State of California on the
application of science and technology to four
major problems should ultimately be a rich source
of krowledge for the solution of urban area prob-
lems. While the studies are not limited to urban
areas, the subjects of the studiescrime, informa-
tion needs, transport, and pollutionexist in their
extreme form in large urban areas. They repre-
sent a real, and perhaps the first, test of the ability
of the systems approach in resolving social and
political issues.

3. The Communications Satellite Corporation
provides an excellent large-scale example of an
enterprise whose purpose was to apply technology
to a public need for greater communication capa-
bility. While the problem was essentially one of
communications, most of the early technical work
was done outside that industry as the:. ^,onaituted.
It is a primary example of technology developed
for a military mission being used in the com-
mercial sphere.

4. A much smaller but very significant case
study is the work done by the Sch.00l Construc-
tion Systems Development (SCSD) Group, an
idea with English origins originated by a group of
architects. The project was seen to have four
requisites which were carried out simultaneously :
(a) Development of a large enough market to
make the proposition attractive to private indus-
try ; (b) support of an adequate number of school
districts; (c) political approval at all necessary
levels to the approach suggested; and (d) over-
coming any legal problems which would preclude
the program.

A. Ford Foundation grant enabled SCSD to un-
dertake a feasibility study and a user requirement
study. The program maintained a high degree of
action orientation throughout and held to realistic
time limits within existing regulations.

The accomplishments of SCSD are many. Its
members have been successful in defining second-
ary school construction in terms of component
systems which are acceptable to educators, politi-
cal authorities, builders, materials suppliers, and
architects. They have created a market by get-
ting consensus on their approach and commitments
from 13 school districts to build 22 secondary
schools. They have involved private industry
building materials suppliersm the program as
bidders and as system developers on the basis of
performance standards instead of the usual ma-
terials standards. They have avoided expected
opposition from various grroups by allowing for
adequate flexibility within the systems and the fi-
nal configuration of each school. They have
created a better quality product at a lower than
standard cost.

IV. Mechanisms

Four major areas are critical in establishing
mechanisms to link technology to the solution of
urban problems.

1. Well-defined community goals with broadly
supported commitments to those goals.

2. New political innovations to permit an effec-
tive utilization of public and private incentive
systems.

3. An improved means of communication be-
tween public administrators and the technical
community.

Many of the participants at the conference have
been intimately involved in the issues which the
Commission is studying; to others, their 5 days
at the conference represented a first systematic ex-
posure to thinking on these issues. The recom-
mended mechanisms are not intended to be an offi-
cial position but rather alternatives worth further
consideration and exploration in the opinion of the
conferees.

1. The universities of the country are tradi-
tionally thought of as a principal source of knowl-
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edge and information, particularly that growing
out of basic research. In some respects the land-
grant colleges were a break in that general prece-
dent. In the field of agriculture, the universities
have an enviable record in both generating and
stimulating the application of new knowledge to a
major public, need.

Just as the problems of agriculture and food sup-
ply were paramount to a growing nation 100 ears
ago, the social and political needs of an
urban society are of great importance today. Very
few universities, however, have taken really sig-
nificant steps to investigate and solve urban prob-
lems from an interdisciplinary point of view. A
major reason is, of course, the absence of funding
which will encourage such activity.

Provision of Federal endowments to universities
to sponsor new programs in research and educa-
tion on urban problems should be initiated. A
total of several billion dollars would probably be
required to be really useful. The specific programs
undertaken with these funds would be determined
by the universities themselves, within the frame-
work established by the endowment. The endow-
ment mechanism is favored over the more usual
uants and contracts because of the greater flex-
ibility it could offer the universities in arriving at
the truly new and interdisciplinary approaches
needed.

In time, universities developing good programs
would come to constitute a majornational resource
for an urban nation. Federal agencies with re-
search needs and programs in urban problems
would work closely with schools whose programs
and capabilities appeared most relevant. The
work of the participating universities would be
published widely, and perhaps a central library or
clearinghouse would act as a national informa-
tion center on research on urban problems.

Perhaps the greatest value in the endowment
proposal is that it would create education centers
which would train a, wide range of people to un-
derstand and deal with urban needs. One of the
great problems today is a lack of people with ade-
quate training to bridge the technology-urban
need gap; such programs would graduate people
specifically trained to do so.

2. The Federal demonstration grant has proved
to be a powerful incentive for creatiag new ap-
proaches and new ways of doing things. Many
of these have been underway for some time in such
areas as housing, urban renewal, and transporta-
tion.

A more comprehensive program for demonstra-
tion grants should be available to both public and
private groups interested in trying new approaches
to urban problems. Some of these grants would
be, in effect, controlled experiments, specifically
designed to test the feasibility of new concepts.
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Administered by an agency like the Department
of Housing and Urban Development, these grants
could serve as test or pilot models which would
find their way into official policy and practice
when they proved, useful and workable. They
would act as pilot programs which, when either
successful or unsuccegsful, could be visited and
examined by other groups for their relevance and
applicability to similar situations.

A second approach to demohstration grants is
to use as demonstrations already existing pro-
grams in which the Federal Government is a pur-
chaser. In the construction of new buildings and
houses, for example, the Federal Government
could well use the approach of the several Cali-
fornia school districts which are part of the school
constniction systems development program. The
Federal Government already has massive and al-
most continuous opportunities to stimulate and.
demonstrate the creative use of new technology in
areas relevant to unmet urban needs.

3. A basic difficulty in any discussion of urban
needs is that efforts to attack the problem, like
the problem itself, are badly fragmented, result-
ing m a very inefficient use of skilled talent. There
is not now an adequate forum for dialogue among
various groups with interdependent interests in
urban technology, nor a good mechanism for the
many alternatives to be considered and evaluated
on a continuingbasis.

A mechanism is needed for continuing confron-
tation of representatives of all interested and. in-
volved groups from government, industry, and.
labor. The Commission provides this mechanism
in microcosm, but its mission and life would need
to be expanded considerably tomeet these goals.

The functions of such a congress should in-
clude :

Consideration of the functional needs of so-
cietytransportation, shelter, education, etc.

Narrowing down the choices of alternatives for
meeting needs, using sophisticated cost/benefit
analyses to help place alternatives in good eco-
nomic and social perspective.

Working to create an environment for optimum
allocation of resources through its influence on all
parts of the society, including government.

Fostering a g, ood understanding of the issues and
interests involved between complementary power
groups.

4. Science and technology have been applied on
a massive scale to solve a number of very difficult
problems involving social and political goals and
issues; one of the most notable of these is the na-
tional space program. It would seem that a sim-
ilarly carefully organized and well-run program
could be mounted to apply science and technolog:y
in the solution of urban problems. The magni-
tude of such a program would require that it be
undertaken in a series of steps.
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The first of these steps would be best under-
taken and supported through a group like the
Commission or a major foundation to insure that
it had the needed stature and independence of
action. The founding; group would designate a

ipanel of "experts" to (a) pick a problem area n
which technology will most likely demonstrate
what can be done, and (b) pick a s_pecific urban
area where it can in fact be applied with strong
support and cooperation from local people. (Ex-
perts would include urban planners, economists,
political scientists, and technologists and engi-
neers.)

The second step would presumably require Fed-
eral funding because of the magnitude of the ef-
fort. It would involve (a) a systems study to
define more precisely specific problems to be solved,
(b) commitment of adequate funds to implement
a feasible solution, (c) proposals for solution from
private industry, and (d) detailing the prObable
output of the implemented solution, preferably in
measurable quantitative terms.

Contracts would then be awarded to private in-
dustry to provide the system and hardware re-
quired for the solution, and their output would be
compared with the predicted results. The accom-
plishments of the project should be dramatized
widely to demonstrate what can be done in urban
technology. A successful program would then be
extended into other areas of the country and other
technical problem areas.

5. The current national competition for the pro-
posed 200-300 BEV accelerator facility demon-
strates the interest and effort which can be gen-
erated throughout the Nation for a well-defined
national project. We have seen similar competi-
tions in the aerospace industry for the SST, the
Ge.clini, and other programs.

Substantial Federal cash awards to communities
developing the best new approaches to resolving
various urban problems could be expected to re-
sult in competitions like that for the proposed ac-
celerator or the NASA Electronics Center. The
major difference would be that while orv one
locale would "win," the entire country would bene-
fit both from the various efforts expended and
from the thinking and experience of the successful
bidder.

Financial incentives at the Federal level would
foster local and regional cooperation among in-
dustry and interested public groups and would
stimulate them to focus on major problems and
to find viable solutions. Knowledge gained in the
process, both technical and organizational, would
have multiple benefits; all competing communi-
ties would have mobilized their best resources for
a major social goal ; local goals would have to be
much more precisely defined and evaluated than is
usually the case ; various alternative means to se-
lected goals would have undergone serious and

thoughtful scrutiny ; and communities would learn
much from each other.

One possible implication of this program is that
it wouhl require a "supra-agency" at the Federal
level which could concern itself with the entire
range of major urban problems to which tech-
nology can contribute, and to prepare policy and
action guidelines for other Federal agencies con-
cerned to follow after the competition had been
completed. Federal agencies should ad.opt the
winning approaches whenever fe ale so that
the best thinking of the country could be incor-
porated in their future plans and programs.

This plan has a number of advantages at the
local level : All of the diverse resources must be
focused on the problem ; private industry can be
involved; there is a financial reward; risk taking
involves the public ; and a systems approach is
required. Using a COMSAT-type approach, all
communities could hold a proprietary position in
their system and could altimately sell or license
other groups. Winnin.g concepts would be imple-
mented through matching Federal funds or per-
haps grants. Other communities, for which the
approach or a modification of it appeared feasible,
would be encouraged to use it by similar Federal
funding devices.

6. Since a major factor in the solution of many
problems to which technology is applicable is that
political boundaries act as barriers, many prob-
lems are best handled on a regional basis. Yet
there are no established means for the Federal
Government to deal with regions except for those
specially structured around a given problem (like
air pollution or subaverage income).

The establishment of regional groups with
highly skilled staffs would bring together the
scarce talent of a region capable of worldng with
the Government and acting as a focal point in
solving regional problems with technological con-
tent. Such a group would have as its assignment,
the definition of significant regional problems
amenable to technical solution, the evaluation of
alternative solutions, the application of systems
concepts to the problems (both singly and in rela-
tion to other problems) , and the stimulation of
regional industries, government, and universities
to join forces in the solution. Such a regional
group might be a nonprofit corporation to act as a
systems manager for appropriate Federal and
Federal-State programs ; as such it would fill a
considerable missing link between agencies operat-
ing at national and local levels. Its ultimate ob-
jective would be to encourage regional industry to
become involved in the successful solution and
exploitation of many areas not now dealt with.

7. There is considerable agreement that new
cities or model cities afford one of the best possible
opportunities to make massive innovations in
urban design and living, yet there have been few
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such developments in this country. The continued
rapid growth of the Nation's urban areas and the
very heavy existing Federal investment in urban
areas (through highways, housing, schools, hos-
pitals, etc.) suggest that the Federal Goverment
should take a more active role in encouraging new
cities around the country. They would not only
take into account local characteristics but would
also provide the opportunity for a number of dif-
ferent approaches. Finally, they would provide
good demonstration projects easily accessible to
large numbers of interested personsbuilders,
financial institutions, consumers, social scientists,
educators, material suppliers, labor, etc.

The precise vehicle for building these model
cities might vary from place to place, but some sort
of public-nrivate partnership would be desirable to
join di% ,cse interests. The experimental nature
of the projects would probably preclude most pri-
vate enterprise participation unless it was joined
in some way by government at various levels.
Labor groups with an interest in capitalizing on
new technology might be expected to join in some
cases, as should groups of financial institutions.

8. School construction systems development pro-
vides an almost singular example of the systems
approach to a given problem namely, better school
construction at lower cost. The same approach
should be most fruitful in areas like low-cost
housing, low-cost rehabilitation in housing, hos-
pitals, and other health-care facilities (including
mobile), and transport subsystems. The financial
support required to launch such a project, provided
by the Ford Foundation in the SCSD case, should
logically be provided by a similarly innovative
group. The Federal Government should encour-
acre other foundations and associations to fundP .similar experiments and should sponsor someitself.
Federal participation can be justified on the basis
of greatly improved knowledge for decisiomnak-
in g in these areas of heavy capital involvement.

SCSD should be studied carefully as a prototype
for the systems approach to various social needs
because it has successfully overcome a wide range
of apparent barriers to the application of tech-
nology. The general philosophy as well as specific
actions can be extended and extrapolated to a
variety of situations.

9. The National Institutes of Health provides
an excellent example of what is possible in the ap-
plication of science to major national social needs.
NTH is well accepted as a mechanism for dealing
with critical national problems. An analogue in
the area of urban "health" would seem to be a very
logical development, perhaps growing out of the

existing Institute for Applied Technology in the
National Bureau of Standards. The constituent
institutes could follow various functional areas of
transport, shelter, communications, pollution, etc.
They could provide a national focal point for both
research and clinical programs which would in-
volve, as does NIH, the best groups in the country
through grants and contracts. As a national in-
stitution, the Institute would be required to take
the broadest possible overview, relating the var-
ious pieces of the program to overall national needs
and goals. It could be a logical policy formula-
tion group, as well as a national resource, for gov-
ernment programs at all levels. It would probably
function best if it did not have overt control or
regulatory responsibilities. The Institute would
have a relatively small inhouse staff of very high
quality and would rely to a significant extent on
cooperative programs. Such an institute should
be the focal point in government for policy, plan-
ning, and research in urban technology.

10. The final mechanism or family of mecha-
nisms recommended by the coderence was directed
to the professional engineering community. Much
of the responsibility for the application of tech-
nology to urban and social problems must rest
with the engineer, the professional societies, the
engineering schools. Ways must be found to in-
volve engineers, particularly at the Subnationai
level, in the formulation of urban policy where
technology is involved.

State and local societies should work more
closely with all levels of government to provide the
kinds of information and insight necessary in
policy formulation. Opportunities and alterna-
tives must be posed to the appropriate political
groups involved in urban plannmg.

The engineering schools should take a more ac-
tive role in developing curriculums which go well
beyond those now available in equipping men to
deal with urban technology. This is needed at
both the undergraduate and the postgraduate
levels.

The National Academy of Engineering should
be encouraged to concern itself with appropriate
research-based policy statements which can serve
to inform national policymakers of the scope and
value of the potential contributions of technology
to unino- public needs.

The Engineering Foundation should sponsor a
second conference on the social consequences and
implications of technology which would carry for-
ward the discussions begun in 1965 and would
serve in part as a continuation of the work of the
Commission.
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Tho Flair Aernspac0 riantracts: A R,evierii glf the
California Experience

In November 1964, the State of California an-
nounced a plan for the application of systems
engineering techniques to four important public
problems. The event -was notable, representing
a great departure for any State government, and
has received much attention in the press and at all
levels of government. What follows is an attempt
to summarize this experience: How it happened,
what the results to date have been, and what it may
mean in terms of the future.

1. The Origin and Development of the Idea

In order properly to explain the plan for apply-
ing new technological concepts to State problems,
it is necessary to sketch in briefly the background
as it existed at that time. Three particular points
are crucial.

First, national consideration was being given to
the question of possible reduced Federal spending
in defense and the economic impact such a reduc-
tion would have. It seemed clear to most individ-
uals and agencies which considered the question
that the funds which would become available from
a defense cutback would have to be applied some-
where else in the economy, particularly to research
and development in nondefense areas.

Second, California has a large investment in
defense, aerospace, and electronic industries gen-
erally (receiving a larger share of the market in
these areas than any other State), and was thus
particularly vulnerable to a possible cutback. A
defense cutback would release a large number of
highly trained persons who would have to fmd
other work within California or elsewhere. A
question of concern to the State government was
what could be done to help these people and keep
them in California. Could their talents be con-
verted or applied directly to some other field ?
Governor Edmund G. Brown formed a Panel on
Aerospace and Electronic Industries composed of
industry leaders to consider these problems.

Finally, the State has a continuing concern with
a number of problems : air and water pollution,
crime, population growth and planning, welfare,
education, and so on. In a number of these areas
there was a growing feeling that new and dramatic

solutions would have to be found and that present
techniques for dealing with them were only barely
keeping a step ahead of the problem. The.s.a prob-
lems, of course, are not uniquely Califoraia's ; be-
cause of its size and growth rate, however, Cali-
fornia feels them more keenly than many other
States.

Within this framework, it is not surprising that
personnel in the Governor's office began to link
these three points together. There were laroblems ;
there were people ; and the concern of the Federal
Government suggested that there might be money
to support a pilot study. Preliminary discussions
with industry leaders indicated considerable en-
thusiasm for the idea. There was a feeling that
the people could profitably be applied to the prob-
lems. At this time, the term "system engineering"
and "systems analysis" began to be used for that
aspect of the technology of the aerospace indus-
try which was most transferable to new problems.
It is the general technique for planning and prob-
lem-solving, and was evidently more applicable
than some of the more specialized aerospace en-
gineering techniques.

While these discussions were being held, the pos-
sibility of reduced Federal defense spending
abated somewhat, or at least appeared le,ss immi-
nent. As a consequence, the focus of the idea
also changed somewhat, from how to help the dis-
tressed aerospace industry, to how to make a new
and broader use of available skills. Interest was,
however, never totally lost in helping the industry
to broaden its scope of applications.

The Governor's Panel on Aerospace and Elec-
tronics Industries, which took a vital role in advis-
ing the Governor in this area, volunteered to come
up with a list of problem areas which seemed to
lend themselves most naturally to study.

At this point it was clear what was wanted and
a concrete plan began to be formulated. The list
of possible areas of study was reduced to the four
most promising ones. All had important charac-
teristics : They represented pressing problems to
the future of the State ; they were different enough
from one another to test the transferability of sys-
tems analysis under various conditions ; they
would involve a large number of State agencies ;
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and they were of enough interest and concern (to
the public and to the Federal Government) that
money could probably be foulid to implement any
sound and feasible plans that came out of the
studies.

Rather than apply for Federal assistance, it was
decided that the State could fmd money for the
first-stage study in each of the four areas : It ap-
peared that about $500,000 could be set aside for
this purpose. The contracts would be short so that
the preliminary results could be demonstrated and
used to help get further funding for continuing
the work. Each would be for $100,000 for a 6-
month study. It seemed imperative to get started
quickly; in an area where much discussion and
speculation had already taken place, it was too easy
for this plan also to become bogged down in over-
definition.

The four areas finally selected were these :

a. A study to develop broad guidelines for the establish-
ment of a total system to manage waste disposal.
By waste management is meant all of those things
done to transport, treat, and remove waste materials
in order to prevent and minimize pollution of land,
air, and water.

b. A study aimed at the design of a new system toward
which the State can advance in the next 25 years for
handling the criminal and mentally ill populations!

c. A study to determine whether a coordinated approach
to data-gathering, processing, storage, and retrieval
would achieve cost savings over present methods and
simultaneously increase accuracy, comprehensiveness,
and accessibility of the information.

d. A study of the problem and specifications for a pro-
gram to overcome the difficulties of the design of an
integrated, intrastate land, sea, and air transporta-
tion network.

Although some preliminary documents had re-
ferred to them as "design projects," all four were
finally announced as "studies." In 6 months, little
more could be expected. But all were expected to
result in plans for future action. It is significant
that three of the four Requests for Proposal sent to
firms likely to seek the contracts contained this
paragraph on economic feasibility :

The contractor should consider the financial feasi-
bility of implemeting successive phases of the overall
system. He should suggest alternative methods of
financing to include participation by Federal, State,
and local governments and private users of the
system.

On November 15, three requests for proposal
were sent out, to some 200 firms. The fourth, for
the transportation study, was sent out 2 weeks
later. These four documents were rather unusual
in the generality of statement of their require-
mentscompared, at least, to what the potential
bidders were used to seeing. They asked for the

This study area was later modified and further delimited. See
below.

ideas of the bidder as to what could be done. The
following appears in all of the requests :

The purpose of this request for proposal is to draw
upon the imagination of the contractor in approaching
the optimal solution to the problem at hand. It is the
assumption of the State of California that a systems
approach to this problem will be useful in analyzing
proposed solutions.

The broadness of the requests was both a strength
and a weakness. Many prospective bidders felt
that they did not kiow what to propose, since they
did not know what it was that the State wanted..
On the other hand, what was being offered the bid-
ders by the State was an opportunity to show what
the aerospace industry could do for the State's
problems. The best way of doing this was to allow
maximum freedom within a broad area of study
and approach.

The response was good: A total of 51 proposals
was submitted for the 4 areas. Work groups were
set up to evaluate each set of proposals. Each
group consisted of members of the Department of
Finance (which had done the preliminary plan-
ning) and personnel representing the agencies
with an interest in the substantive areas. The four
separate groups evaluated the proposals. One
group experienced difficulties : None of the pro-
posals for the criminal and mentally ill popula-
tions was found to be able to fuse the problem areas
successfully into a single systems study. The
evaluation group was, however, much more
favorably impressed by one of the proposals than
the others, particularly those parts dealing with
the criminal problem. They, therefore, asked this
bidder to submit a new proposal, deleting the men-
tal illness portion and devoting the entire study to
the criminal problem.

In evaluating the proposals, one other difficulty
appeared. The State personnel were, of course,
eminently capable of judging the proposals from
the point of view of the substantive areas involved.
But some believed they needed assistance in judg-
ing the methodological aspects of the proposals.
The requests had asked that systems analysis be
applied to the study areas. Now it was necessary
to judge whether the proposals did in fact contain
a proper use of systems analysis and whether it
was being applied in the best of all possible ways.
It was further obvious that this difficulty would
persist through the life of the contracts. The
State, therefore, decided to bring in a consultant
organization to aid in evaluating the proposals
and in monitoring the progress on the contracts
themselves. This would supply additional techni-
cal competence to the staff and also assure the ob-
jectivity of the review. The responsibility of this
organization would be specifically to examine the
work performed from a systems analysis point of
view, while the State agencies involved would ex-
amine it from the viewpoint of the substance. The
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organization selected for this task was the System
Development Corporation (SDC).

Within the next few months, four contracts were
negotiated and signed as follows :

a. Waste Management Study : Aerojet-General
Corp., Von ICarznan Center, Azusa, Calif.

b. Prevention and Control of Crime and Delin-
quency, Space-General Corp., El Monte, Calif.

c. Statewide Information System Study, Lockheed
Missiles and Space Co., Sunnyvale, Calif.

d. Integrated Transportation Study, North Amer-
ican Aviation, Los Angeles, Calif.

Each of the contracts was monitored closely by
a group formed in the State government. Where
interdepartmental groups already existed, they
were used. For example, in the case of the infor-
mation system study, the Governor's Automatic
Data Processing Advisory Committee served in
this capacity. In other cases, interdepartmental
groups were set up especially for this purpose.

The monitor groups worked closely with the
contractors. It was definitely a cooperative ven-
ture. The contractors had to assemble enormous
amounts of data : Lockheed reported, for example,
having; conducted more than 600 interviews in
many departments of State government and, with
city and county agencies as well. The monitor
groups guided them and helped gain access to
these sources of information.

The monitor groups also advised on the general
conduct of the studies, suggesting changes and
shifts of emphasis. The relationship was a
healthy, working one, occasionally becoming con-
troversial and h.eated. Out of the heat and dis-
cussion and revision, however, evolved more real-
istic recommendations and a better understanding
by both partners of the concepts involved.

The 6-month periods during which the studies
were conducted produced a mutual education of
industry analysts and State administrators which
may have been one of the most significant products
of the effort.

2. The Contract Reports and the Current
Status

The four studies are now completed, and sum-
maries of the final reports can be found in the
appendix. The monitor group responsible for
guiding and assisting the work of the study teams
reviewed the final reports as they were completed,
but evaluation is by no means complete. An ever-
widening group of interested organizations and
agencies are reading and commenting on the re-
ports. This widespread review and evaluation is
an important step m the process since it will in-
fluence to what extent the State will accept the
conclusions of the contractors and what direction
future implementation of the recommendations
might take.
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It must be remembered in attempting to evalu-
ate the accomplishments of the studies that the
purposes for which they were carried out were
multiple and complex. First, specific plans of
action were wanted for specific areas of public con-
cern. Second, a demonstration was soueht of how
the aerospace indust7 and systems technology
could help solve public problems. And, finally
(the other side of the coin), a demonstration was
sought of how aerospace technology could be trans-
ferred to new areas in short order without elab-
orate retraining of personnel.

The first, and most important question, however,
is to what extent the studies succeeded in their
specific fields of attack. For it is clear that if they
failed to produce useful results regarding infor-
mation systems, crime and delinquency, waste
management, and transportation, the answers to
the more general questions are bound to be
negative.

All four reports agreed that systems analysis
was a useful and effective tool in this environment
and that work could be done to provide systems to
the State which would supply better service at less
cost. All contained bold and imaginative ideas.

The report on information systems provided a
10-year plan for the development of a statewide
fed.eration of information systems. The report has
generally been accepted enthusiastically by the
persons concerned as a blueprint for data-process-
ing decisions and as a direction in which to move.
The study sketched in a vast plan ; while it is not
totally clear that the entire plan will be imple-
mented as originally designed, it is evident that
the concepts delineated in the plan represent the
framework in whose terms the State must operate.

This study had some advantages over the oth-
ers, which may account for its evident success.
First, information processing is an area more
closely allied to the aerospace field than any of the
others; a large part of the systems technology of
aerospace is specifically devoted to information
systems. Second, those concerned with data proc-
essing in the State had previously conducted a
substantial study of computer planning for the
State and were ready and knowledgeable in the
field. The area perhaps did not have the intuitive
appeal of the oth.ers; its importance is not as clear
to the layman, but it was of vital concern to many
persons in State government who were ready for
a plan of action. Another advantage has made
moving on from the preliminary study easier : The
liaison personnel responsible for monitoring the
contract took the precaution of involving all of the
important decisionmakers early so the study rec-
ommendations were viewed universally as an op-
portunity and not as a threat.

The personnel involved in information systems
in the State are now actively seeking budg:..; y
support and are introducing more and more cot.ilLy
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and local government agencies in their plans. The
study is helping the State to make a significant
step forward.

The crime and delinquency report objectively
outlined the problems of the study area and showed
the consequencesin terms of cost and effect on
the criminal justice systemof either ignoring
them or introducing changes. The report indi-
cated, for instance, the fact that the increasing
crime rate is not a result of a breakdown in the
social structure, but primarily the result of the tre-
mendous increase in the population within the age
group from 16 to 29, which contributes most
heavily to crimo in California.

The report recommended a 5-year program
which it indicated would cost approximately $25
million a year. Implementation of this proposal
will require vast coordination among many agen-
cies throughout the State, both to secure their
cooperation and to find the funds necessary to get
the project started. Local enthusiasm and legisla-
tive interest must be developed before any real and
concrete plan can be formulated for proceeding.
"Government is ponderous," one of the responsible
State officials explains, "and it will take time to
generate the organization which will be necessary."
The Governor subsequently established a Joint
Council on Technology and the Administration of
Justice, which is an important first step in this
organization. The council, headed by the attorney
general, is representative of all functional and
geographical components of law enforcement, pre-
vention, and administration in California.

The waste management study demonstrated the
necessity for considering all waste within a single
system. It made obvious the difficulty of attempt-
ing to consider this single study when there was
no single agency responsible for the overall prob-
lem. Within the limits of time and resources for
the study, it was not possible to produce the de-
tailed estimates of anticipated waste loads. Also,
within a sample area, it was shown that it is nec-
essary to begin immediately to consider the co-
ordinated handling of all wastes in order to hope
to have an efficient waste management system in a
number of years hence. A major recommendation
was to place all statewide waste management prob-
lems within the purview of a single agency which
would have to be established. The report also
indicated that additional legislation would ulti-
mately be required to make more local government
units comply with the wider requirements of the
State. Such recommendations will obviously take
considerable time to implement.

The transportation study stressed the need for
a large-scale mathematical model of the complex
transportation system required by the State in
the future. Such a program includes the deriva-
tion of the effect of changes in living and trans-
portation habits, changes in the mix of goods

shipped throughout the State, and the effects of
new technology. Information about many aspects
of the State, seemingly unrelated to the problems
of transportation as such, were shown to have an
effect. What would be nnuired is virtuaLlv a
complete model of the State's economy. How-
ever, a complex model of the State's economy,
population growth and movement, land use, and
so on, has implications beyond transportation.
It can probably be constructed in such a way: that
it will be useful to numerous State agencies in
planning. There is some question, then, whether
these other agencies should not share in the plan-
ning and the cost of it. Problems such as this
create administrative delay.

Thus, in the case of three of the studies, the sys-
tems approach led the contractors to view the prob-
lem in such broad terms that their recommenda-
tions fall across a large range of government
agencies. This, it is possible to see now, is a fairly
natural consequence of examining large, complex
government problems as functionally defined
problems which cut across political jurisdictions.
It does, however, make implementation difficult.

Besides looking at the specific recommendations
of the four reports and noting the current status
of their implementation, it is necessary to look at
another aspect of the reports and their conse-
quences. Participation in these four activities has
had a strong and lasting effect on the people and
agencies involved.

There has been a wide range of reaction, of
course. Some are bound to feel threatened by any-
thing new ; others feel that any change at all
would be an improvement. But among those who
have taken the events of the past year seriously
and have studied the reports carefully, there has
arisen an excited awareness of new possibilities.
A 6-month study is not liable to uncover many
new or hitherto undiscovered facts. To a sea-
soned government employee in corrections, or
highways, or finance, there was little fresh data.
But the conclusions drawn from these facts were
new and different. For in each study the factual
evidence was incorporated in a more comprehen-
sive set of relationships than has been customarily
considered. The contractors had looked at the
facts in a different way and demonstrated a new
way of solving problems.

The information systems report, for example,
dramatized the sources and uses of information,
making explicit the interrelationships of many
levels of government. Once people have seen the
scope and depth and involvement of information
with everything the State does, they have a new
outlook.

One of the chief virtues of the reports was in
their concentration on the problems as functional
systems problems with a willingness to look be-
yond the immediate constraints of political juris-
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dictions and traditional administrative boundaries
and their focus on what should be done rather
than on who has the authority to do it, The gov-
ernment decisionmaker who reads these reports
is bound to be impressed by the capabilities to deal
with problems in new ways. Perhaps he will be-
come aware that asking which freeway route or
what kind of smog-control device is not enough;
that there are possibly more fruitful ways of ask-
ing questions.

These effects will be hardin most cases im-
possibleto measure. But they will exist. Here
and there will appear more imaginative solutions
to problems and a greater awareness of the inter-
relation of many of the problems of the State
which are not imaged in the organization of its
government.

In summary, the four studies in and of them-
selves have been notably successful. They have
introduced new ways of thinking and new con-
cepts to many of the agencies involved. They
have generated, even in offices not involved in the
studies themselves, an excitement about these and
other new things that government can do. The
specific recommendations of the studies have a
good chance, by and large, of implementation.
The chief current difficulty in the way of such
implementation is getting the necessary money.
But funding is actively 13eing sought in all four
areas.

3. Future Prospects

In announcing its intention to let these four
contracts, the State began a new type of relation-
ship with industry. It turned out to be a two-way,
discovery: The State attracted the attention of
industry to its problems, and industry made the
State aware of its capabilities. The prospects are
good for this relationship to continue and to grow.
The necessary liaison has been established for fur-
ther fruitful conversations to take place. It is
indicative that two companies involvesi in this ex-
periment now have Sacramento offices which they
did not have before.

It was truly a cooperative venture where each
partner contributed in such a way that more was
produced than the money spent would indicate.
The State contributed access to the problem, its
vast store of data, and its knowledgea-ble and tal-
ented personnel. The contractors contributed their
brightest employees and the very real interest and
concern of their top management. Because it was
an experiment that meant a great deal to both
partners, both tried very hard to make it a success
and a prototype worth copying.

Both partners did something unusual. The ac-
tive participation of the State in an effort to help
its industry is unique. State governments fre-
quently exert efforts to encourage new industry to
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enter the State but this was an attempt to use
people and talents that already existed in the State.
Industry, on its side, was very generous when it
was never clear that there would be much fiscal
payoff for it. It was the urge to try something
new. It was also a contribution to the community
and an opportunity to demonstrate an awareness of
social responsibility.

Once one has seen this relationship in action, it
is hard not to believe that it will continue. The
form it will take as it prospers and grows, how-
ever, is more difficult to predi3t. Will more such
pilot studies take 13lace in different areas? Will
larger contracts be signed for industry imple-
mentation of the recommendations announced in
the concluding reports of these first four studies?
None of this is clear. This first effort was started
by the Governor's office with a minimal involve-
ment of the operating departments or the legisla-
ture. Now that the first effort is complete, its fu-
ture is up to the legislature and the various State
agencies invol7ed. The future does look bright,
but it also seems clear that the whole question of
how industry can best serve itself while serving
government has not yet been answered. It may be
that other approaches need to be tried to see which
will work best.

This was a new type of experience, not only for
the State but for the contractors as well. The
techniques for performing the studies and for in-
teraction of State and contractor personnel had to
be worked out as they progressed. An important
aspect of the newness is that the contractors were
asked to perform work which had heretofore
always been performed by State personnel them-
selves: The planning of future State organization
and function. This has considerable advantage,
obviously. It allowed the State to use for a short
period of time some very talented people it could
not have hired. But the disadvantages are also
patent. Such efforts, misapplied, could shortcir-
cuit the traditional systems of government opera-
tion. The problems, of course, are not unlike those
that the military experienced when they first began
using similar organizations for similar purposes.
The State, however, is smaller, newer at the game,
and more entrenched in its traditional modes of
operation, which make these problems seem more
intense.

Such work is by necessity largely a cooperative
venture since the State personnel have the facts
which the contiactor must analyze and since the
State monitors and guides the work as it pro-
gresses. It is difficult to draw a line between the
work that the contractor should perform and the
work that should be performed by civil servants.
The systems analysis and the recommendations
based on it do not always present the whole pic-
ture. We have pointed out above how some of the
analyses in these four studies, while technically
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apt, were perhaps politically naive. The con-
tractor personnel can sometimes be overpowering
and it becomes difficult for the State personnel,
who are ultimately responsible for the making of
decisions, to evaluate the contractor's work. One
method of solving this problem, used in California,
is to employ another organization skilled in sys-
tems analysis to advise the State in its dealings
with the contractors. This was quite successful,
but it is also clear that greater systems analysis
capability must be developed by the State admin-
istrators themselves.

Not all areas of State government appear to be
equally likely prospects for systems analysis and
planning. There are both technical and political
reasons for this. In order to define a certain set
of affairs as a "system," not only must they have
certain things in common, but it must be possible
to isolate them from the rest of the world. It must
be clear where this system leaves off, and anothet
begins.

Some areas have more budgetary and political
problems than others; also, some have better pros-
pects and are riper for study and redesigm. The
personnel in the agencies involved must be ready
for a change and willing to accept new ideas.
Funds must be available as well as enough con-
cern to secure funds and the necessary work.
kreas selected for study should be those whose
problems can be expressed in clear and meaning-
ful terms to the layman.

Although these reasons make it clear that sub-
jects for analysis must be chosen with care, we are
confident these studies have demonstrated that
systems analysis can, in fact, be applied to a wide
range of social problems.

4. Problems

A number of stumbling blocks exist in the way
of making such cooperative ventures between
State government and industry successful. Some
of these have been alluded to above, but it seems
worthwhile to assemble all the problems that must
be overcome.

1. Many agencies of the State government lack
capability in systems analysis, and it is needed in
order properly to monitor the contracts, guide the
progress of the analysis, and evaluate the results.
Permanent emp!oyment of systems analysts is not
always a solution to the problem. They are hard
to justify for the use that is likely to be made of
their talents, and they are very expensive. Fre-
quently contracting with consultants may be the
most economical course. The State must, however,
have some systems analysis capability for contin-
uing work within well-defined areas and for work-
ing with contractors.

2. Throughout the study, continuous coordina-
tion is necessary among all who will be involved in

its conclusions and whose support will be needed if
they are to view it as an opportunity and not as a
threat. A serious problem in the California ex-
periment was the lack of early participation by
the leaders of the State legislature and by city and
county government.

3. A problem of communication exists which is
difficult to overcome in 6 months. The systems
analysts frequently talk a jargon all their own
without realizing how strange it sounds to out-
siders. Nor are public administrators wholly
guiltless in this regard ; they too have a technical
terminology which can be difficult for the analysts
to understand.

4. There is frequently a disparity between the
natural dimensions of a socioeconomic problem
and political boundaries. The waste management
study, for instance, indicated the need for consid-
ering waste in terms of larger geographic areas
than is being done now. Solutions to such prob-
lems require coordinated action across traditional
geopolitical boundaries and through various levels
of government. This may very well mean larger
units than States. California is relatively unique
in its geographical independence from its neig;h-
bors. In the northeast, for instance, most major
socioeconomic problems are interstate.

5. Another important problem is highlighted
by the fact that each of these studies resulted in a
recommendation that long-range programs be
undertaken. In general, political tenure seldom
coincides with the duration of such efforts, and
planning and funding cannot be guazanteed.
Thus, the best solutions to be derived from systems
-nalysis may be, in the short run, politically un-
productive and thus call for statesmanship of a
high order. This, in turn, implies that the public
will have to be educated with respect to the wisdom
of adopting solutions that accrued to their benefit
only incrementally over a relatively long period
of years.

6. Systems analysts from the aerospace indus-
try are accustomed to working for large, rich,
monolithic organizations. They are charged with
finding the best, most economical, fastest way of
solving a clearly stated problem. The customer
if he likes the results can then implement the rec-
ommendations. The State of California is a very
different sort of organization, and the implemen-
tation of the systems analysts' recommendations is
not so easy. The political administrative problems
of the transition must be considered as well as the
economic and scheduling problems.

7. In one other way, the environment of State
government is different from aerospace : There is
less autonomyit is less clear what is and is not
subject to change. Is it fair game, for instance,
to conclude that certain county functions should be
made State functions or that certain affairs now
under control of the State should be handed over
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to the Federal Government? Systems analysis
naturally tends to think in terms of bigger and
bigger systems, and therefore larger and larger
accretions of power.

Usually, the customer for the systems analyst's
services has clear and quantifiable objectives.
Also, the value system is defined : It is evident how
much it is worth in dollars to have the system
sooner or how much in capability we are willing to
give up to make the system cheaper. But in the
co. text of social problems, none of this is clear.
How much is it worth to reduce air pollution-
25 percent? 50 percent ? 100 ? What is it worth to
prevent a murder ? These are difficult questions,
and the lack of answers is bound to affect the use-
fulness of systems analysis.

Techniques developed for a small range of appli-
cations cannot be expected to be applied uni-
versally without revision. Systems analysis er-
formed for State government is bound. to be di er-
ent, in the long run, from systems analysis per-
formed for the National Aeronautics and Space
Administration and the Department of Defense.
But the four California aerospace contracts have
demonstrated that the switch C5,11 be made and that
profitable things can be learned from the attempt.
And that, at least, is a beginning.

5. Conclusions

These problems indicate that the application of
systems analysis techniques to public problems is
not easy and that the way is not always totally
clear. But we knew this before we began. If it
had been obvious how the tasks were to be done,
the California experiment should have been no
more than a meaningless exercise. Only because
the questions posed were both serious and difficult
do the conclusions have meaning.

We now have the final written reports from all
contractors and we continue to be highly enthu-
siastic about the success of the venture. The per-
sons involved are totally convinced that Califor-
nia's initial investment was a wise one and that it
is being paid back many times over.

In four areas of governmentareas with serious
present problems which threaten to become greater
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in the futureplans have been made to take signif-
icant steps forward. We are actively working at
implementing these plans.

Those in government who participated in these
studies and those who observed the participation
of others have seen new possibilities in ways of
solving the State's problems. This experience has
convinced them not only that the techniques of
systems analysis are useful but that such an ap-
proach may be essential in coping with some of
today's and tomorrow's public problems.

Industry in the State, both those companies
which participated in the studies and those which
observoi, has realized a new range of possibilities
for diversification. The attentkra of many com-
panies has been. called to a new type of problem to
which their talents can be applied ancl they are
actively engaged in finding additional tasks in
this broad area.

The overwhelming interest displayed outside
of California itself demonstrates that our findings
have meaning beyond our boundaries. The Com-
mittee on the Economic Impact of Defense and
Disarmament (the Ackley Committ-aie) writes in
its report of July 1965, "The Government of
California may well have taken one of the most
significant and promising steps toward defense
conversion." Mayor Lindsay of New York Ms
acknowledged the fact that the systems studies
being planned for New York City follow the lead-
ership of the California studies. Senator Gay-
lord Nelson's bill to fund further studies was
largely prompted by the California work.

Interest has been shown not only in the technique
of implying systems analysis to the State's prob-
lems but in the substantive conclusions of the four
studies as well. The Resources and Transporta-
tion Division of the United Nations Secretariat
has expressed an interest in the transportation
study. The Department of Health2 Education,
and Welfare has encouraged California to prepare
a regional study carrymg forward the waste
management work.

Such interest and influence as these studies have
had indicates, we feel, their success both as partic-
ular ventures and as prototypes for furture co-
operation between industry and government.
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Statewide

The Lockheed Missiles and Space Co. was asked
to conduct an overall study of State and local gov-
ermnents' requirements for information, and to
formulate and recommend general concepts for
developing a comprehensive system for handling
this information need.

A broad study was .onducted of information
uses and requirements in State and local govern-
ment. On the basis of both present uses and future
projections, some conclusions were reached about
the nature of information flow in government in
California for example, extensive flow exists
among Stale level organizations, but local govern-
ments are the largest collectors of information,
with a heavy flow of data moving upward from
local to State agencies ; electronic -data processing
is growing wi lely and rapidly at State and local
levels, with a large potential for duplication of
effort.

The study team demonstrated the feasibility and
desirability of a statewide information system and
recommended the evolution of a federation of in-
formation processors and users. Geographic cen-
tralization of organizational files was not recom-
mended, nor was the rigid restructuring of existent
files.

The recommended system would allow various
State and local agencies to remain autonomous and
independent ; they would be required only to main-
tain standards of compatibility so that informa-
tion exchange would be possible. The heart of the
system would be an Information Central, the nerve
center of this network of information agencies.
The Information Central would perform two pri-
mary functions for the system as a whole Infor-
mation indexing and switching. The Central

i-would contain an ndex of all information it has ac-
cess to, allowing an individual agency to locate
any ink, emation it required by contacting the Cen-
tral. It would, further, act as a switch, trans-
ferring data requests to where the data are.

A. more detailed description of the study and the
conclusions follows.

mation System

1. The Goals

The goals of the study were formulated in terms
of these objectives :

Perform a survey of information needs of
the State government, taking into considera-
tion future requirements.

Analyze the information interdependence
of California public jurisdiction and prepare
an information flow "ma-p."

Evolve a conceptual d.esign for a statewide
information system to satisfy the needs of
California State government, present and
future.

Evaluate the potential benefits and impact
of a statewide information system.

Evolve a development plan for the recom-
mended concept and produce initial cost esti-
mates for the development and operation of
the information system.

This, as everyone concerned recognized, was a
large undertaldr 7 Information is the raw mate-
rial and the end product of almost every govern-
ment activity. A.n agency receives papers, forms,
and questions by mail, phone, and personal inter-
view ; at the end of the process, the agency has pro-
ducild new papers, more forms, as well as answers
by mail, phone, and individual contact. Like any
administrative activity, to consider the informa-
tion requirements of the State is to consider the
State ; and to improve the handling of information
in government is to improve government.

2. Data Collection and. Analysis

The initial phase of the stud,- consisted of ir-
tensive interviews and fact gathering to determine
organizational course and objectives both now and
in the future. Detailed information flow was ob-
tained from over 600 interviews of 80 major orga-
nizations. State organizational imith were cov-
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ered, as well as city and county units. The study
considered not only the nlaj or office units but also
a sample of outlying units, such as San Quentin,
highway patrol stations, employment offices, and
mental institutions, to obtain the complete spec-
trum of requirements. As could be expected from
an executive governmental structure composed of
8 major agencies, 40 departments, and some 300
boards and commissions, the area was large.

This vast fund of facts then had to be analyzed
and put into a form which would lend itself to the
task. For each agency studied, pictorial informa-
tion flow charts were prepared, showing the flow
of information to and from all the other organiza-
tional entities having contact with it. Incidence
charts were developed, portraying the variables of
data flow among organizations of the State to help
determine the requirements of a statewide infor-
mation system. Olne of the principal purposes of
the analysis is to determine high incidence data
flow between State units ; this is useful in plaiming
the basic internal structure of the information sys-
tem. Some of the conclusions of this analysis are
of interest :

The heavy volume of data flow is, by far,
in the vertical direction, although the greatest
number of information interfaces is in the,
horizontal.

In the majority of State line organizations,
more data flow vertically from the people and
local governments than horizontally among,
State organizations. The interdepartmental
flow is considerable, however, and the need for
additional information exists.

Line organizations handle the largest quan-
tity of data.

Among line organizations, those handling
people-related data handle by far the greatest
data load within the State ,government.

Mrqt horizontal flow is between staff and
line or staff and staff.

Simultaneous with the production of the inci-
dence charts, another aspect of the analysis was
taking place. During the interview phase, facts
were gathered from each of the departments on
specific problem areas. Many departments needed
better statistical data, for example, or faster re-
sponse, or a greater ability to forecast and predict
trends. These problem areas were listed and cate-
gorized. Examination of the problems which
many departments had in common suggested the
most serious requirements and areas where major
effort should be expended.

With this detailed description and analysis it
was possible to consider some of the design alterna-
tives of a statewide information system.

The statewide information system has as its
basic objective promoting maximum effectiveness
in the, utilization of information and improving

efficiency in the handlinor of information. Al-
though the study touched on several functional
tasks suitable for automation, the emphasis was
placed on the major statewide considerations and
those elements of the system which interrelate or-
0.anizations. But in achieving this objective, vari-E,
ous technical, jurisdictional, implementation, and
leg.al requirements must be satisfied. These con-
siderations act as guidelines for the designer.

Within the constraints, then, of these criteria,
and of the statement of needs and requirements
which resulted from the analysis of the interview
data, the study team derived a concept of a state-
wide information system and a means for grad-
ually achieving it over a 10-year period.

3. The Proposed System

It was proposed that the statewide information
system be developed as a federation of organiza-
tional computer centers (State and local) tied to-
gether by an Information Central and. operating
within a framework of compatibility rules.

A basic conclusion of the study was that in-
dependent, geographically distinct information
processing centers in California State and local
government should be integrated without being
physically consolidathd. The system should be
developed so as to allow separate centers to com-
municate with one another. It is the basic purpose
of this concept to amalgamate the information re-
sources of all California public jurisdictions into
a single, inegrated system serving the information
requirements of individual State and local organi-
zations as well as the needs of the entire State.

The proposed system thus has two ;mportant
parts: First, the various information ters and
computer complexes throughout th te, and,
second, the Information Central wl es them
together.

4. The Information Central

The Information Central is a computer-based
communication system joining independent cen-
ters information processing facilities regardless
of their physical location in an automateJ in-
formation exchange The Informaticgi Central
consists of two basic components : A s'atewide data
network and switching facility and a central elec-
tronic index of information stored in the files of
particular computer centers. The Information
Central will perform the following functions :

Inlormation Indexing. Information Central
will contain an index of all information it has ac-
cess to, no matter where in the system that in-
formation is located. Ultimately, the total spec-
trum of State and local goverrnnent information
in California should be classified and indexed. The
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index will indicate where a particular item of in-
formation is stored, and the conditions for gaining
access to that file. The Information Central wiD
not, itself, have the data, but only the locations for
the data. This is the concept of centralizing in-
formation about information, rather than tha in-
formation itself.

Information Retrieval. Requests for informa-
tion from both human users and computer systems
will be received by Information Central. The user
may request direct retrieval of particular items of
information, searches for information, and com-
putations based on retrieval of source data from

Switching and Transmission. Information
Central will provide the communications network
for transmission of data and requests for data
among the various centers connected to the center.
In one mode of operation, the Central will serve
solely as a switching device, directly connecting
the requestor with the organizations known to
possess the desired information.

Information Conversion. Computer programs
will translate incompatible representations of in-
formation whenever possible. Programs will also
convert information from one file structure to
another.

File Updating. Computer programs will in-
form appropriate organizational facilities of
changes in information in which they have interest.

Transaction Analysis. Message and informa-
tion flow through Information Central will be
automatically recorded to provide a firm factual
and statistical basis on which further statewide in-
formation system developments can be planned.

5. Information System Operation

Associated with the Information Central -will be
all the information centers and computer com-
plexes of the State and local departments. These
facilities may be individual departmental centers,
shared facilities2 or regional complexes. The State
service center will provide automatic data process-
ing services to organizations lacking these ca-
pabilities. The system will operate in three pri-
mary information modes :

It will respond to queries for detailed informa-
tion. The total system can serve as a fact retrieval
system available to any associated user. The user
will request information, the Information Central
will locate the source of this information and for-
ward the request. The response to the user will in-
clude the itemized facts and the sources of the
facts, including file location.
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It will respond to requirements for input to op-
erational programs at terminals. A using orga-
nization may have programs which generate re-
ports, requiring as input data available from other
organizations. These programs can automatically
request up-te-date dafa frorn sny of the other files
in the system, thus reducing the need for human
intervention at the point of routine or repeated in-
formation retrieval.

It will update files automatically. Data col-
lected by one organization can be used to update
the files of other organizations. The procedure for
updating files is determined by certain considera-
tions concerning the currency required of the up-
dated data and the way time is utilized in a large
data processing system. No need exists for infor-
mation to be updated on a real-time basis except
for some few categories.

6. Compatibility and Standardization

The federated system with Information Central
as its nerve center will require less standardization
than a completely centralized system. Neverthe-
less, compatibility, is part of the price for integrat-
ing a number of diverse operatmg systems into a
larger system. Clearly codes, inquiry languages,
and information cataloguing techniques must be
standardized. It is also desirable that file struc-
tures of similar functional files be standardized.
However, the federated system gives freedom of
choice in computer equipment selection and data
processing methods in individual participating
units.

A major challenge in developing the concept
will be to strike the exact balance between stand-
ardization and operating autonomy ; this will re-
quire the cooperation and participation of poten-
tial users and should be developed on a joint basis,
with the State furnishing the initiative and
motivation.

In examining data and information flow pat-
terns, massive quantities of information were
found to flow into State units from local govern-
ment, which provided the basis for recommending
that the statewide information system include
local jurisdictions. In the interest of built-in
compatibility, and also as a possible motivational
factor, it is recommended that the development
of the system include the preparation of stand-
ardized electronic data processing (EDP) pack-
ages consisting of computer programs and equip-
ment specification for voluntary use by local
governments. Significant savings in reduced EDP
developmental costs will result to local govern-
ments using these packages, and thus will provide
an incentive for participating in the statewide
information system.
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7. Development Plan

Plans call for complete development and activa-
tion of the California statewide information sys-
tem to take place over a decade, with initial opera-
tion beginning in 5 years. Initial activities are
concerned with two major areas:

Establishment of a pilot program; and
Specific studies aimed at zlefining the over-

all program and establishing the broad poli-
cies under which the system will be designed,
activated, and operated.

The Information Central will be activated in
steps, beginning with the establishment of a com-
puter center primarily to support the programing
effort. In 5 years, the Information Central will
be ready to begin organizational tie-in and will be
functioning as an information exchange. State
organizational tie-in will be essentially. com, _Plete
in 6 to 8 years, and the total system will be fully
activated in 10 years.

In order to cause minimal disturbance to State
and local organizations having functional EDP
programs, their integration into the statewide in-
formation system will be timed to correspond with
normal equipment or software upgrading:. Orp-
nizations still considering EDP when information
system sthndards are evolved should plan to con-
form with these standards.

The integration of local government EDP will
be preceded by the joint State and local develop-
ment of interface standards for statewide adop-
tion. As with State organizations, local gov-
ernments are expected to integrate their EDP
equipment into the network gradually, as each
unit upgrades its installation to system standards
or installs a new, conforming facility.

8. System Values and Costs

The value of a statewide information system to
California government is directly related to how
well the system supports the needs of relevant
agencies:

To meet expanding serrice demands with
limited resources and

To provide new and different solutions to
a vast array of problems brought about by
the impact on the State of social and tech-
nological changes.

The system offers real potential in avoiding in-
evitable costs if no such system is implemented.
For example, a projection of the current growth
rate in State employees places this work force at
219,000 people in 1980 with a total payroll of more
than $2 billion. By 1980, $1 billion will be spent

for information handling, much of which could
be mechan.zed at substantial savings. Although
much of this information handling is not amenable
to electronic data processing, net savings of per-
haps $116 million annually are possible for the
State government as a whole by installation of a
statewide information system. This far exceeds
the operating costs of the system.

The specific benefits are categorized into four
groups:

Cost avoidance and reductionthose which
produce dollar savings by applying more ef-
ficient procedures to present operations and
those which reduce expenditures in operations
planned for the future.

Increased revenuesthose which produce
additional income.

Better servicesthose which provide better
service to the public in its interactions with
the State and to the State departments in the
performance of their own operations.

New servicesthose which will make pos-
sible services which cannot be undertaken by
present methods.

The development philosophy of the information
system is to build upon the EDP fabric of the
State, adding only the increments needed to con-
vert this collection of statewidecomputer facilities
into a statewide information system. Consistent.
with this philosophy, costs have been developed
for Information Central and those items of com-
munication interface equipment needed to tie orga-
nizational EDP into the network. Also included
are the developmental costs of the standard EDP
packages. Organizational EDP for both State
and local organizations are not costed since they
will come into existence whether or not the state-
wide information system is implemented.

The program has been costed on the basis of a
10-year span, at the end of which the statewide
information system is planned to be fully opera-
tional, with State and local government units
connected to Information Central. This 10-year
period, however, includes some operation, as or-
ganizational tie-in will occur on an incremental
basis beginning at the end of the fifth year.

The summary of costs is a follows :

10-year developmental costs $68, 400, 000
10-year operational equipment rental 29, 800, 000

Total 10-year program 98, 200, 000

Estimated annual operational costs
(after 10 years) 13, 400, 000

These costs have been based on current equip-
ment rental prices. If, as generally expected,
EDP continues its current trend toward lower
prices, costs will be accordingly lower.
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Waste Management Study

The study of California's waste management
problEuis was performed by Aerojet-General Corp.
The objective of the study was to produce a plan
by which the State could accelerate the develot, -

ment of waste management techniques responsive
to the demands of the future.

Several important concepts and conclusions
emerged from the study. One of the most im-
portant was that waste management deals with
one single systemthe environmentwhich in
turn is divided into three closely related systems
air, water, and land. Presently in California there
are a large number of independent State, regional,
and local bodies regulating, collecting, and dispos-
ing of different wastes. The report points out
that unless these diverse and dispersed activities
are properly articulated, and unless the interfaces
between solid, liquid, and atmospheric -wastes are
recognized, no effective waste management system
can be developed.

Related to this concept is the realization that
wastes cannot be efficiently managed in geographic
plots dictated by the boundaries of political juris-
diction, but that the geographic boundaries must
stem from the analysis of the waste system itself.
These considerations demand a statewide plan and
large operating regions.

Another important concept in the study was the
focus of attention on output and criteria for en-
vironment, rather than on the disposal of wastes
at least cost. The waste management system of
the State must be optimized for the total popula-
tion, rather than for the waste possessors.

The recommendations of the study were for an
organized and positive effort directed towards a
high quality environment. Society's requirements
for its environment must be made explicit. The
technical design of a waste control system must
be begun, and legal moves must be taken to form
the authority necessary to implement and enforce
the plan.

1. Definitions and Criteria

A waste management system is a group of or-
ganized activities that produce certain specified

effects upon the environment by using materials
that waste producers discard. Waste disposal, a
more usual term, is most often used in a sense that
implies that pollution is permissible up to a certain
level, or that it is not necessary to obtain any posi-
tive result from the processonly get the waste
material out of the way. A waste management
system must consider all significant effects, inter-
actions, trade-offs, costs, and other factors which
can be balanced for optimum benefit toward a
specified environmental result.

In order to create such a system, it is necessary
first to evoke the environmental requirements of
the community. These criteria must define the
amount of pollution that is acceptable in terms of
cost, health hazard, and aesthetic considerations.

A large part of the effort of the study group
was devoted to the collection of information about
the present and future waste problems in Califor-
nia. For all types of waste (gaseous, liquid, solid,
and radioactive), waste production rates were ob-
tained. Estimates of future trends made it clear
that generation rates for all types of waste will
continue to rise over the next 35 years.

This does not, of course, imply pollution. Some
types of waste are more easily handled than others.
Large quantities of solid waste can be handled in
many regions without noticeable increase in fm-
vironmental effects. In general, however, the
quality of the environment may be expected to de-
grade, particularly as a result ; 2 air pollution.
The effects of such pollution are bound to be wide-
spread, but there a dearth of specific informa-
tion that relates pollutant concentration to effects
at the levels of pollution encountered in the
environment.

Even with today's technology, almost completely
pure environments can be maintained, but people
are generally unwilling to pay the price for such
conditions. The target environments forthe sys-
tem analysis must be realistically established on
the basis of what the people who must live in them
are willing to pay to do so. No other criterion is
ultimately meaningful.
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2. A Unified Waste Management System

After a detailed study of the characteristics of
waste to be expected and methods of control pos-
sible, an analysis of the waste management prob-
lem was begun. The system must first be defined
and delimited, its interfaces with other systems
must be made explicit, and its inputs and outputs
must be established.

The environment of air, water, and land affects
pec--,le, machines, plant and animal life, and many
of people's activities. These affected items can be
considered as other "systems" whose inputs are
the outputs of the waste management systemthe
contaminants or pollutants that the affected sys-
tems permit to remain in the environment. Sim-
ilar "systems" are also affected on the input side,
principally through feedback mechanisms. Pres-
sure on waste generators toward waste prevention
is an example. Thus, the waste management sys-
tem has multiple interfaces with many other
systems.

The results of this analysis presented several
sharp contrasts with moreconventional approaches
to the waste handling problem. There are complex
interrelationships and trade-offs among the choiers
of discharging waste into air, water2 and land and
the resultant effects on water supplies, air purity,
land usability, and neighboring community in-
terests. First, then, it became apparent that in
waste handling all of these elements must be con-
sidered simultaneously.

Second, past methods of waste handling have
focused attention on the waste itself ; that is, on the
input to the waste handling system. Preoccupa-
tion with how to get the waste away from the im-
mediate area of its generation has precluded much
concern with the ultimate or total effect of selected
disposal methods. Expediency has generally over-
ridden long-range implications. There has been
relatively little concern with the system output ;
that is, its effects on the environment. To waste
disposers, the dump site has ordinarily been con-
sidered to be beyond the disposers' environment or
outside of their system boundary. From the sys-
tem management point of view, this unwanted
byproduct is an input to the waste management
system, which is evaluated by the acceptability of
its outputs. The conventional approach of waste
handling by concentrating on disposing of inputs
leads to an open-ended system that is driven by its
input. The output of such a system may diverge
drastically into unacceptable behavior. The af-
fected environment may influence the waste han-
dling capability to some extent, but again, this is in
an uncontrolled and not necessarily stable manner.
However, when output information is fed back and
combined with the input and when the system is
stabilized with this combination of input and feed-
back output driving it, then the output (or here,

the environment) is maintained at a controlled
level.

Third, the natural preoccupation of individual
local operations with selection of the cheapest
available method of waste disposal has tended to
conflict with objectives which emphasize haalth;
aesthetic values, and broad and longer range eco-
nomic considerations. This study shows that
waste-handling operations can be effectively inte-
grated into a system aimed at satisfying these vari-
ous considerations at niinimum cost.

Finally, although there are distinct unifying
forces that require the system to include all wastes
over a broad geographical area, there are admin-
istrative and fiscal factors that recommend that
certain coordination activities be regionally ori-
ented. A regional, State, or national outlook on
this problem tends to be in sharp contrast with
current operations which are predominantly
locally oriented.

Meaningful control of environmental states
produced or caused by waste disposal requires man-
agement of all controllable wastes. The effect of
the waste on the environment can be controlled by
modulating the rate or composition of the various
wastes disposed into it. Therefore, to meet an
environmental output specification, an integrated
control of all means of disposition is ne.3essary.

When each affected system attempts to manage
its immediate environment according to its own
needs, there are extensive duplications, over-
lapping efforts and controversy concerning priori-
ties. Separate facilities lead to costly operation.
By combining the environmental requirements of
these systems into a specification and by imposing
this specification on a waste management system,
an environmental level of pollution that is most
nearly satisfactory for all affected systems can be
obtained.

There are many points in a waste system at
which changes may be produced. This multiplic-
ity of choices provides a potential for reducing the
waste management cost through (1) the producer's
selection of the waste produced ; (2) conversion of
one type of waste to another ; (3) selection of means
to perfoim functions ; (4) sequence of functinns;
and (5) total capacity and geographic extent of the
system. Choices can be made in the means of
transportation, processing, collection, and final dis-
posal Exploiting the many choices at various
decision points is beet accomplished when the sys-
tem is considered as one with subsystem divisions
that can be altered according to technical require-
ments.

By considering the total waste management
problem, optimal systems can be obtained, and
latitude is provided for evolving subsystems from
one form to another. For instance, in the future,
it may become desirable or even necessary to con-
vert all wastes to solid waste or to liquid-borne
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waste. As it becomes technically feasible to do so,
suitable latitude in the total system must be pro-
vided to facilitate the incorporation of future
technical innovations.

Only after basic decisions are made regarcling
the types of wastes produced, their quantities, their
rates of conversion from one form to another, and
their impact on the air, water, and land environ-
ments should the system be divided into subsys-
tems. After these basic decisions are made, the
interfaces between the various subsystems of
gaseous wastes, liquid-borne waste, and solid refuse
become definable. Therefore, the waste manage-
ment systeth should be considered as one system
with, gaseous, liquid, solid, and radiological waste
subsystems.

3. Geographical Boundaries of a Waste Man-
agement System

Waste disposal and handling systems have typi-
cally been designed to correspond with political
boundaries of cities and counties, as a natural re-
sult of administrative jurisdiction. However, a
lower per capita cost system for a densely popu-
lated area can generally be realized by enlargmg
the district or region in which the disposal system
operates. If the area is large enough, relatively
low per capita cost systems are realized because of
economies that usually accrue from large-scale
operations.

Systems based upon political boundaries mav be
unable to solve a particular problem. Notibly,
smog and its effects are seldom limited to the
boundaries of a city or even a county. Again, solid
waste may be disposed of in sanitary landfills out-
side of a city's boundaries, resulting in the impo-
sition of additional constraints by neighboring
communities. Discharging sewage into a com-
monly used raw water resource may result in pol-
lution that no single discharger can control. As
long as each discharger has his own specific waste
problems to solve and there is no unity of action,
the spoiled resource will continue to be polluted.

Industrial growth of inland areas may be in-
hibited by the local environment's capacity to as-
similate waste. A possible relief of this limit may
come from linking the inland area disposal meth-
ods to the disposal methods of communities near
the ocean. Such an arrangement is feasible if a
unified waste management district or region is cre-
ated.

Thus, the geographic boundaries of a waste man-
agement system should be based on the economic
and technical aspects of the waste management
requirement, rather than on the boundaries of a
political entity which may be too small to solve
tbe problem initially or to achieve a low per capita
cost system.
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Convenient geographical boundaries satisfying
these criteria can be defined. Such regions have
common topography, weather, and other physical
factors that influence the selection of a particular
waste management technique. The communities
in the regions have common objectives and con-
straints, and have homogeneous waste com7soi,
concentration, and input rate. The study group
defined such regions, using technical criteria prin-
cipally and social and political constraints only
when they were technically acceptable.

4. System Development and Design

Fundamental to the successful design and de-
velopment of a waste management system is the
clear statement of the system output specifications.
These specifications consist essentially of a state-
ment of the permissible concentrations of pollu-
tants in air, water, and land for a given area.
They will natu-ally vary with regional reouire-
ments. This is especially true for liquid wastes
because of regional variations in ground water
quality and raw water supply quality. Such spec-
ifications do not now generclly exist. Until they
do, it will not be possible to design in detail a
waste management system.

For illustrative purposes, however, the study
team sketched four possible waste management
systems for the region comprising Sacramento and
San JOaquin Valleys and the San Francisco Bay
area. The systems were not presented as recom-
mendations, nor were they completely delineated.
They were intended as illustrations of method,
and as a sample of what could be accomplished
in terms of pollution criteria and costs.

Four levels of waste management and preven-
tion were considered : (a) An expansion of exist-
ing control measures, using current methods for
the next 25 or 30 years, with expanded plant ca-
pacity ; (b) application of new control measures
that are presently within the state of the art; (c)
development and refinement of the present state-
of-the-art control measures to improve and extend
them and reduce their application costs; and (d)
the application of advanced control measures to be
developed by a full research and development pro-
gram. System (a) assumes output specifications
only in terms of health requirments, while the
other three assume specifications in terms of health,
aesthetic. and economic costs.

System (a) is merely an expansion of the pres-
ent waste-handling method in response to in-
creases in population and per capita waste produc-
tion. With this system, the enviromnent becomes
progressively more polluted because of increased
waste. The state-of-the-art system (b) is region-
ally integrated and uses present, fully developed
methods to substantially reduce pollution. The
development system (c) is an improvement over
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the state-of-the-art system and shows that savings
can be realized by introducing advanced tech-
niques while maintaining the criteria for the state-
of-the-art system. Although the development sys-
tem does not have the many advanced subsystems
of the advanced system, it is considerably easier
to cost. Meaningful system cost information on
the advanced system (d) will not be available until
the end of the conceptual phase.

In this brief summary, we will not try to de-
scribe the systems. Four major conclusions were
reached, however :

High-quality environmental air, water, and
land can be obtained for the region at expendi-
ture levels far less than the social costs asso-
ciated with a low-quality or "least acceptable"
environment.

Acquisition of a high-quality environment
requires long-term planning and system devel-
opment on a regional basis.

Acquisition of a high-quality environment
will require an organized effort directed to
that objective. A piecemeal, "after-the-fact"
operation will not produce the desired results.

A sipificant portion of total costs required
to attain a high-quality environment is attrib-
utable to gaseous waste prevention.

Costs were also developed for these hypothetical
systems. The costs were not intended to be highly
accurate; however, they are indicative. Two types
of costs were considered: Only health effects were
considered in system (a) specifications, but health,
economic, and aesthetic effects were considered in
establishing system (b) specifications. One is a
least acceptable environment, whereas the other is
the highest quality environment that is likely to
be requested because of cost.

The annual system costs for the expanded exist-
ing system (meeting only specification (a) ) will be
approximately $500 million by 1990. Specification
(b) conditions will increase to approximately
$1,250 million by 1990. This figure may be sub-
stantially reducea, however, by research and devel-
opment and improvements in the state of the art.
The estimate for this approach is, in 1990, about
$800 million.

Social costs were also developed; that is, the
hidden costs of pollution to people and industry in
the polluted environments, or conversely, the
value to them to have no such pollution, were also
included in recognition that hidden costs exist, and
to show that they can be substantial.

Estimated social costs will continue to increase
with the specification (a) system, approaching (in
1990) $2,500 million. Specification (b) will force
these costs below their present $600 million to ap-
proximatOy $300 million by that date.

Although the cost estimates were highly tenta-
tive, they clearly verify the substantially lower
cost of waste management by an overall systems
approach and the cost saving potential from devel-
opment of rnathods. Tn fact, the stridy results
strongly suggest the cost of not using an overall
system approach may not be meaningful at all,
since the increase in the scope of the problem will
eventually force an overall approach. Therefore,
the pertinent question is not whether to establish
a waste management system, but when.

5. Recommendations

The recommendation of the study was for a
3-year program based upon the work done to date
and aimed at completing the conceptual design
phase. The following steps comprise the program:

1. Obtain additional critical data, or specify the
necessary assumptions required to use the environ-
mental and socioeconomic models in completing the
overall system analysis.

Although the study team made the first state-
wide projections of wastes to be generated through
1990 and summarized relevant available data on
tilt- effects of pollution, waste generation rates are
required in greater detail, and additional relations
between effects and pollutants must be developed.

2. Catalogue community objectives that are rele-
vant to waste management, and translate these ob-
jectives into initial, overall system criteria and
subsequently into preliminar5r engineering design
specificaEons. The cost implications of alterna-
tive objectives or criteria must be calculated.

3. Evaluate all major available technical alter-
natives. The analysis already performed must be.
expanded to include available alternatives that are
not used now and to suggest new alternatives to
available methods and techniques of collecting,
processing, and disposing of waste.

4. Complete the overall analytical computer
models required to represent and measure all of
the main actions and reactions of wastes with the
natural environment. These models will augment
the simple models developed for the Sacramento
area and will incorporate the numerous known
physical and physiological effects of wastes upon
numan health ; aesthetic values; the composition of
air, water, and soil ; resulting effects on. plants,
animals, and marine life; and the deterioration of
products and equipment.

5. Develop a socioeconomic model : This model
will supplement the waste-enviromnent models
discussed above. It will incorporate definable
legal, political, and institutional boundaries placed
on the system by society and will simulate the
principal direct arid indirect financial ramifica-
tions of current and potential changes in objec-
tives, technologies, or constraints.
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6. Construct a scaled, operating model using the
most promising waste-handling techniques m a
simulated natural environment, approximating
the conditions and waste-loading prevailing in the
State's most critical region. This model can be
used to study complex reactions that cannot yet be
computerized. It should contribute to the formu-
lation of system specifications and will potentially
demonstrate the feasibility of the system and its
principal components.

7. Through continuous reappraisal, evolve the
conceptual design of an overall waste management
system and, thereby, establish the initial com-
ponent specifications and guidelines for the sub-
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sequent hardware research and development phase.
To ensure that the above activities are under-

taken in the most logical and effective manner, a
State coordinator should be designated to assume
the necessary planning, coordinating, and super-
vicory fraletionc find to conQider thA wnr Ana
means of developing and implementing an opera-
tional system for the benefit of the State as a
whole.

The study to date and the recomMended pro-
gram would, it was felt, directly contribute to Fed-
eral programs that are already underway and
others that are being studied by Congress and the
administration.
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Prevention and Control of Crime and Delinquency

The Space-Gel. eral Corp. undertook to perform
a systems analysis and cost/effectiveness study of
the California system of criminal justice : Local
law enforcement, the courts, probation, juvenile
and adult institutions, and parole. The avowed
objectives of the study were to present a critical
evaluation of the present system of criminal jus-
tice and to recommend a program directed to more
effective prevention and control of crime and de-
linquency in the State.

The study showed that crime in California will
increase almost twice as fast as the population in-
creases during the next 10 years; that Californians
currently are Flaying $600 million annually to sup-
port the State's criminal justice system ; and that
this figure is expected to increase to $900 million
per year by 1975. This surge is due to a continu-
ing tremendous increase in the number of persons
in the 14- to 29-year age group, where most of the
crime occurs.

Thus, California can expect to pay more for
criminal justice each year just to maintain the cur-
rent system with no special efforts for improve-
ment. The study showed, for example, that de-
spite dramatic improvements in communications
technology, California law enforcement officers
have no way of sending fingerprints from one end
of the State to the other, other than by mail or
messenger.

And as the cost of crime goes up, related costs
not included in the $900 million. figure also go up.
Bad-check writers and thieves co.% the citizens
thousands oi dollars each year which are not re-
flected in the taxpayers' costs for criminal justice.
In addition, the State now pays $1.2 billion per
year on welfare costs2 and the study showed that
there is an interrelationship between welfare re-
cipients and crime rate.

The study recommends an additional expendi-
ture of 3 percent of the cost of criminal justice or
some $20 million per year for an extensive im-
provement program in a systems approach to re-
ducing the crime rate, thus reducing the long-
rar ge cost of crime. The program places heavy
emphasis on crime prevention among juveniles,
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making it more difficult for persons of all ages to
commit crimes, and improved methods of informa-
tion transfer among criminal justice agencies.

1. Analysis of the Current System

The initial effort of the study team was devoted
to the construction of a flow diagram of the crimi-
nal justice system. The independent functions of
law enforcement, adjudication, probation, institu-
tionalization, and parole were studied, and detailed
flow diagram:: were prepared of their interrela-
tionship. These diagrams showed the ways in
which an offender might pass through various
agencies involved, how he might eventually leave
the system or be cycled throug again. Each pos-
sible path through the system, from Lpprehension
to release, was identified and defined as a "system
flow path."

With this basic conceptualization accomplished,
the study team concentrated its attention on a par-
ticular aspect of the diagrams : The points at which
an offender might move in one of several direc-
tions, depending on a decision he or some other
individual would have to make. They constructed
diagrams emphasizing this aspect of the system,
which they called "decision diagrams." There are
associated with this decision network objectives
which may be unique for each decision. A set of
options is available to the decisionmaker; infor-
mation is available to aid in the decisionmaking
process; and various decision rules and constraints
govern the use of this information and the range
of decision options. Thus, in describing the deci-
sion network, an associated information system
starts to evolve.

The objectives of a definition of this informa-
tion system is not to provide detailed specifications
for information processing requirements in com-
petition with tly, information systems study. It
is rather to generate a comprehensive review of in-
formation flow and accessboth current and de-
sirable for the futurefor all the pertinent
acrencies involved in apprehension, judicial, and
correctional functions.
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The information system analysis indicates, for
example, at each decision node in the system, what
information is and is not available to the decision-
maker. In some cases, information exists which
would be helpful but is not available at the time
when it is neede,d. Ln other cases, there is an un-
warranted delay in obtaining information. For
example, presentation of recidivism statistics and
correlations in a convenient manner may be highly
desirable in probation and parole administration ;
again, rapid definition of program and facility
availability within the Department of Corrections
may be desirable for more effective reception and
guidance center recommendations.

A second technique was employed to wicover the
inherent structure of the criminal system : The
preparation of a "taxonomic matrix" of society
and institutional populations. Essentially, it con-
sisted of tables defining the statistical ch.aracter-
istics of the California population in general :
Age, education, race, income, etc., and the same
charactelistics of those individuals who are cur-
rently in correctional institutions. A comparison
of the two profiles showed relationships between
the various group characteristics, thus aiding in
identifying the criminal candidate type, and per-
mitting estimates to be formed of the future cruni-
nal candidate group.

Many interesting facts were discovered from
this study of criminal typology. Geographically,
for example, most offenders come from the south-
ern California area, with Los Angeles County sup-
plying almost half the prison population for both
the adult (41 percent) and juvenile (42 percent)
groups. (Los Angeles County contains 38 percent
of the total California population.) In prison
society, the Negro and other minority groups are
overrepresented by a factor of five relative to total
California population representation.

These techniques were extended and applied in
more detail as a specific study was made on Los
Angeles Coruty. The county was broken down
into groups of census tracts which showed a high
degree of homogeneity with respect to population
characteristics. Various significant population
characteristics were charted on the map, and so
was the crime rate. Analysis of the data indicated
that relationships exist among many of the social
variables in the Los Angeles area. It was found
that in nearly all of the study areas having high
dependency and delinquency problems, other seri-
ous social problems existed.

Some of the social characteristics which appear
to show a high correlation with crime rates are
these :

1. Median family income less than $5,500.
2. Negro population 75 percent or more of

total population.
206-754-66vol V---6
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3. Density of 10,000 or more persons per
square mile.

4. High school-dropout rate.

A map of Los Angeles was included in the report
of the study showing the areas of the -ntywhere
these four characteristics were pruf,ent and where
the crime -1,te was high. This map, achicyed some
notoriety after the Los Angeles riots. Watts is
the only area in the county where all four char-
acteristics are present.

Another disclosure of the analysis was in the
area of crime statistics. Upon reviewing all as-
wets of the staestics from the past 5 years, it
became apparent that a substantial percentage of
the committed group was between the ages of 14
and 2D years. It was reasonable then, in an at-
tempt to learn as much as possible about the
phenomenon of crime, to form a new crime rate
statistic based not upon the total population but
upon population in this age group. The result of
this analysis was a relatively constant crime rate
for both juvenile and adult groups over the past 5
years. This was true in spite of the fact that the
14-to-29 age group in the overall population had
increased by more than 35 percent. If the crime
rate calculated in this way remains constant over
the next 10 years, the number of crimes will show
an increase in that time of 55 percent. In fact,
from 1960 to 1975, this crime susceptible age group
in California is expected to increase 110 percent,
ahnost twice the expected 60-percent increase of
the total population. Crime is indeed increasing
faster than is population, but primarily as a re-
sult of the increase in the number of members of
the crime susceptible age group.

2. The Mathematical Model

In the process of conducting these studies, and
particularly in preparing the decision diagrams,
considerable numerical information was collected:
The number of individuals passing through the
various paths and subpaths; the time it takes of-
fenders to move from one decision point to an-
other ; the costs incurred by the system for differ-
ent kinds of offenders at different decision points;
and so on. With a schematic diagram of the sys-
tem and the interrelation of all its parts and nu-
merical data on the flow of offenders through the
system, it was possible to apply one of t,ne classic
tools of systems analysis. Th.e study team con-
structed a mathematical model or comput-r simu-
lation of the system.

The primary purpose of the model was to as-
sist in cost/effectiveness studies. One of the most
interesting results was the ability to calculate
career costs for the various offense groups. These
are defined as the estimated lifetime cost of indi-
viduals in particular offense groups to the various



V-66 STUDIES: APPLYING TECHNOLOGY TO UNMET NEEDS

justice and correctional agencies with which they
will be involved. One of the more surprising re-
sults of these calculations was the apparent ctis-
crepancy cxisting between the seriousness of the
offense and the system expenditures relative to it.
The career cost for a forger or check offender, for
example, is significantly greater than the career
cost of homicide offender ($16,900 as opposed to
$5,800). It should be pointed out that this cost
represents the cumulative costs of processing and
incarcerating these individuals as they move
through the system, not only for the first time, but
also for all subsequent returns over the lifetime
of the individual. The cost does not include any
costs that society might incur as a result of the
criminal activity.

Another result from the simulation is the effect
on system costs of various parameter changes, or
changes in policy. If, for example, the fraction of
the sentence which is served in prison befc re parole
is changed from its present value o:F 50 to 80 per-
cent, the cost to the system would increase from
$4,000 to $4,400 for the average offender. Also,
other parameters can be perturbed, and their ef-
fects on the system can be seen.

As a side effort undertaken to aid in the con-
ceptualization of the system, the analysis has pro-
cluced some rather interesting mathematical
abstractions which illuminate certain system char-
acteristics. For example, in the past there has been
a very great tendency to evaluate the effect of
prison rehabilitation programs on the basis of pa-
role violations. The results of a theoretical and
analytical study clearly indicate the intimate rela-
tionship existing between parole violation and pro-
bation rate. An increase in probation rate results
in an increase in parole violation rate. Since pro-
bation rate has been increasing over the past few
years, and since it is expected that programs will
be implemented which may further increase this
rate, it is to be expected that the rate of parole
violation will increase also.

Another interesting mathematical abstraction
has appeared. Observations have been made by
several prison wardens that overall prison popu-
lation seems to be exhibiting less d.esirable be-
havior as time passes. From a mathematical
point of view, prison populatior will, on the
average, show tendencies toward less desirable be-
havior. This does not mean that the noninmate
population is changing significantly but rather
that the individuals who are entering prison each
year on the average have less desirable behavicr
patterns. This is a direct result of the systematic
way in which those individuals with unacceptable
behaN ior are returned to prison, while those whose
behavior is acceptable are eventually released.

The systems engineering results described
abovecareer costs, results of system perturba-
tions, and examples of increased understanding of
the interrelations between functions of separate

jurisdictionsprovide a basis for future programs
and perhaps even initial policy changes on the part
of the State. However, information is still lack-
ing regarding the relationships between system
expenditures and ultimate effectiveness. It would
be eminently desirable if the State could allocate
its expenditures in criminal justice so as to both
reduce crime and reduce the damage to society
caused by crime. But lmowledge of the relation
between expenditures within the system and the
damage caused by crime is not presently known.
The systems engineer cannot effect an optimiza-
tion of the system, and the State cannot properly
allocate resources until these effects are better un-
derstood. For example, we might consider the
expansion of two functions which certainly have
an affect on crime : causing all offenders b serve
full terms rather than being paroled, and doubl-
ing police patrol capability as a deterrent measure.
This action would represent an increase in expen-
ditures of almost 75 percent. However, we do not
know the effect on crime rate of eliminating parole,
althm-gh we do kno w that the limber of parolees
within the State is less than 10 percent of the num-
ber of felonies which occur in a given year. And
we do not fully understand the relation between
crime rate and police visibility. It is clear from
this that we must explore new and perhaps less
costly functional relations, especially in the areas
of prevention, so that no alternatives which might
show promise of increased effectiveness in the re-
duction of crime rate are left unexplored.

In the analysis of a system, it is always neces-
sary to trade performance and costs in such a man-
ner as to provide the maximum utilization of re-
soures. It is interesting that the efforts of society
have been largely concentrated on correction
rather than prevention. If a susceptible crime
group could be identified early, the amount spent
could be used to prevent individuals from entering
the system. The identification of this group and
the effectiveness of the expenditures are difficult
and complex, but in light of projected system costs
based on present policy, the need for such an evalu-
ation is clear.

3. The Proposed Program

The program which is proposed as a result of
the analysis contains recommendations for further
work which will complement the progress made in
this study. The implementation of an informa-
tion system and a more adequate analytical model
will increase the knowledge of the operation of
the present system as well as provide a comparison
of effectiveness for any proposed alterations. The
program suggests individual programs in certain
major areas. Almost all serve a dual purposea
systematic attempt to determine what functional
relationships exist between expenditures and re-
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sults, and the complementing ofexisting programs
and techniques designed to produce results by the
most efficient means available.

Eight groups of programs are recommended :

System engineering programs.
Crime reporting programs.
Potential offenders identification programs.
Prevention programs.
Apprehension programs.
Case management programs.
Manpower development programs.
Community relations programs.

A brief description of the purposes of these pro-
grams and how they fit into the overall system con-
cept is given below, as well as an additional
significant suggestion for a joint coordinating
organization.

The Joint Organization. These recommenda-
tions cross many jurisdictional boundarie§ and will
require extensive coordination among State and
kv.al agencies. The required cooperation and au-
thority necesssary to implement these programs
are beyond wItat could be expected of a typical co
ordinating commil-tee. It is proposed, therefore,
that an organization be formed under mutually
agreeable executive control, made up of representa-
tives from State and local agencies which poten-
tially will participate. This organization will be
responsible for both technical and financial man-
agement; it should be supported by the group
which conducts the systems integration program.
The organization will be responsible for con-
tracting work to all participating State and local
governments and educational and industrial
organizations.

Systems engineering Programs. The systems
engineering group of proposed programs provides
the mechanism for the control and technical evalu-
ation of all aspects of the overall program. This
group will also maintain an awareness of technical
progress made throughout the scientific commu-
nity in matters relatable to crime and delinquency.
Research and pilot studies conducted outside this
group of programs will be evaluated for applica-
bility along with studies conducted within this
group of programs. Important research activities
in all technical disciplines will be monitored so
that research progress can be utilized as soon as it
becomes available.

This group of programs also makesprovision for
a systematic evaluation of the decision network of
the present system of criminal justice. The pur-
pose of this evaluation is to synthesize aml improve
the system from the standpoint of decisionmaking
and to establish the requirements for the attendant
information system.

Of primary importance from the standpoint of
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management decisionmaking is ie mathematical
computer simulation of the system of criminal jus-
tice. The construction of this ..n-odel provides the
mechanism for evaluating costs ar.c1 effectiveness,
and provides the decisionmaker with a method of
determining the effect of policy changes and pre-
dicting future requirements, as well as enabling
ultimate system optimization.

Crime Reporting Programs. The programs
proposed in the crime reporting section are pri-
marily directed toward improvement in the quality
and quantity of crime statistics. It is the purpose
of these programs to give increased attention to
the problem of uniform and accurate reporting,
inclusling the content and format of this informa-
tion. These reports not only will form the basis
for investigation regarding the character and ex-
tent of crime but also will be used as the primary
source of data for the potential offender identifica-
tion program.

A program is included whose objective is to
develop methods for obtaining more complete and
standardized data relating to the characteristics
of offenders.

Potential Ofender Identification Programs.
The 'werall obJective of the prevention of crime
leads to a particularly significant point : If we

le to prevent crime, we must first learn the char-
acter of the sumeptible crime group. The results
of the initial R., j program have shown that it is
possible to use a first rough-selection processthe
application of an age criterion. There are, of
course, many characteristics which might conceiv-
ably be used to reduce the size of the predictably
susceptible group from all persons within acertain
age group to persons within a subgrroup which is
of a statistically manageable size. Only after this
selection process has been Made can effective pre-
vention programs be developed.

The characteristic.s utilized in this selection proc-
ess cover the complete range of the technical difsci-
plines. Demographic, sociologico, physiological,
psychological, and other criteria and measure-
ments may be utilized. These new data are de-
signed to enable the decisionmakers to act more
effectively by supplying them with information
recrardincr the characteristics of past successes and
failures.1,

Prevention Programs. Crime prevention pro-
grams have for the most part been neglected in the
past. From the standpoint of continued effort to
optimize the system of criminal justice, prevention
nrograms have a vital importance. They must aid
in the determination of whatever functional rela-
tions exist between prevention expenditures and
the number of criminals.

These programs are very closely related to the
programs designed to fight poverty and provide
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opportunity for the youth ol this country. Per-
haps the most important difference between these
proposed programs and other youth opportunity
programs is that these programs have as their
function the prevention of individuals from enter-
ing into and cycling through the system of crimi-
nal justice. There. re, it follows that the selection
process in these programs will be directed toward
those individuals who do not show promise in our
sial system, rather than those who do.

Programs will include population planning, im-
proved parental guidance prograi is, youth assist-
ance, and juvenile placement.

Apprehemion Programs. The group of appre-
hension programs have two fundamental earposes.
The research aspect of these programs has as its
objective the determination of functional relations
which may exist betweer the rates of crime and
delinquency and apprehension programs expendi-
tures. This information is of significant concern
to the optimization studies envisioned for the over-
all system of criminal justice.

The second aspect of these programs deals with
the operational system benefits available. These
are treated by the proposed programs according to
two separable goalsoffender identification and
apprehension aids. As the crime-susceptible age
group increases in the next few years, the number
of individuals who must be positively identified
will increase rapidly. Since this id.entification
system is already in need of improvement, it is
clear that a considerable effort must be made if
the system is to serve its function.

There is also a large range of technical devices
and aids which can be made available to law en-
forcement personnel. Before programs to develop
these devices are initiated, however, an examina-
tion of the utility of each device should carefully
be made in terms of its overall effectiveness. There-
fore, the proposed programs _provide for the pilot
model field evaluation of such devices.

C ase Management Program& The case manage-
ment programs have dual objectives. In relation
to the overall systems approach for the State sys-
tem of criminal justice, these programs must
supply information regarding the functional
relationships which exist between management
program expenditures and the rate of recidivism.
This information is of utmost importance to the
optimization studies of the systems engineering
programs.

The programs themselves are inherently impor-
tant in their own right. Some of them are aimed
at increasing the range of supervision available
which can meet the needs of society with a mini-
mum of expense and yet accrue the maximum
operational benefit. Others are directed at increas-

ing the effectiveness of parole and probation by
providing various techniques designed to enhance
the chances of success.

Manpower Development Programs. The man-
pop, er development programs are designed to pro-
vide the capability of meeting the numerous
problems relating to the training and allocation
of manpower resources for the overall program
complex. It is to be expected that the implemen-
tation of the great variety of programs which have
been proposed will lead to critical requirements
for the availability of trained personnel when and
where they are needed. These progzams are in-
tended to coordinate closely with the overall pro-
gram management so as to anticipate manpower
needs. The programs also propose to accept re-

nsibility for seeing that all requirements are
fulfilled.

Conmunity Relations Programs. The commu-
nity relations programs are designed to establish
a communication liaison between the State system
of criminal justice and the general public. Recog;-
nizing the high degree of emotionalism associated
with many of the State programs in this area,
these community relations programs will be re-
sponsible for the dissemination of pertinent infor-
mation designed to keep the public informed of
progress and to be receptive to additional public
requirements for information.

4. Cost Estimation

Me study included cost estimates for the first
5 Years of the program. These are shown in the
table below, with total system expenditure esti-
mates for the present policy for comparison
purposes.

Year

In millions

Program costs Present system

1966 $13. 2 $652
1967 24. 0 677
1968 29. 0 708
1969 28. 5 737
1970 26. 6 766

5-year total 121.3 3, 540

The costs beyond these 5 years were not esti-
mated, since any progrram proceeding past the
pilot stage would be funded from the present
policy costs by replacing an existing program. It
is expected that the future costs of the complete
full-scale implementation together with all other
future operating costs will not exceed present
policy costs.
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California Integrated Transportation Study

The contract with North American Aviation was
to study the total transportation planning problem
of the State. Its job was to examine the scope of
the problem. and to specify a program of work for
solvmg it ; it was not to undertake the study and
design of the integrated system of transportation
itself.

"T' le demand for transportation," the body of
the Lnal report begins, "is a derived demand.
Thus the amount of activity in the transportation
industry depends on the amount of activity in the
economy at large." This sets the tone of the study.
In order to consider the demands for transporta-
tion and the possibilities for new kinds of trans-
portation, one must begin by looking at the
economy of the community at large.

Even a cursory study will show that there are
dramatic new possibilities for new kinds of trans-
portation, that new technologies will have drastic
effects on the requirements for transportation in
the future, and that the growth of California's
population and economy will create severe trans-
portation problems in the future unless they are
foreseen. and dealt with now.

The study outlines the planning device needed
to provide the quantitative measurements that will
support the human judgment and decisions in the
transportation study. It calls for the application
and development of appropriate matlaematical
models, coupled with the use of computer simula-
tion procedures.

Six submodels will be used, including three basic
submodelspopulation, econometric, and land use.
The basic three feed a fourth model which is used
to allocate demand to transportation 'modes and
define the flow patterns. This information passes
into a fifth submodel used to simulate existing or
possible transportation systems and networks.

Development and use of the models will assist
in finding solutions to the problems transporta-
tion planners face, and will provide the means to
assess and choose among several candidate net-
works and combinations of modes.

Completely new modes of transportation as well
as improvements in existing modes can be placed

into competition with other projected services, and
their capabilities, conveniences, feasibility, time-
liness, and cost compared.

The report estimated that to construct and ini-
tially exercise such a planning device would re-
quire approximately 52 months. The various sub-
models, however, would be completed and opera-
tive at various intervals throughout this period and
could be used to analyze specific types of problems
unrelated to transportation.

1. California Today and Trends

The study began with an overview of certain
aspects of the California economy, including broad
considerations of total population, labor force and
employment, total personal income as well as per
capita personal income, and industrial sources of
income.

In the course of this examination it was found
that the population of California is expected to
grow from 18 million inhabitants in 1965 to 28
million in 1980. The growth in the total popu19,-
tion will be accompanied by an even greater rela-
tive growth in the labor force. The ci7ilian labor
force in California is estimated to increase from
7.4 million to 11.5 million in 1980. The agz com-
position of the labor force is expected to change,
with the change consisting of an expansion in that
segment of th.e labor force which will be less than
35 years old in 1980.

In the recent past industrial sources of personal
income have changed. Since 1950 the relative hn-
portance of manufacturing as a source of income
has increased. This is also true of the government
sector, whereas farming has declined in impor-
tance. Compared to the rest of the United States,
the per capita personal income of Californians is
considerably higher, and California's share of
total personal income has been increasing.

Using value added by manufacture as an indi-
cator of economic activity, it was noted that Cali-
fornia's share has increased since 1958. During
this period California has been growing at a
greater rate than the United States.
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Foreign trade moving through California cus-
toms district exhibits a general upward trend.
In terms of both weight and value, the ports of
Los Angeles and San Francisco account for nearly
all the activity in this field.

Land usage was briefly examined. It was re-
vealed that the big land holder in the State is the
Federal Government which holds n.mrly 44 per-
cent of the total land area in California. The
State of California holds roughly 1 percent of
total land, and the rest is privately held. In re-
cent years there has been a ilecrease in the number
of farms and in total farmland. At the same time
the number of incorporated communities has in-
creased.

in examining the existing transportation net-
work in California it was found that, measured
by annual operating revenues, the bulk of truck
transportation is carried out by private and not-
-for-hire carriers.

The review of California transportation re-
vealed that 36 railroads are operating in the State
over nearly 7,500 miles of intercity road. The
Southern Pacific Co. and the Atchison, Topeka &
Santa Fe Railway Co. a-.-e the two predominant
railroads in the State. Together they account for
approximately 70 percent of the total miles of
road. Freight is the principal source of revenue
for railroads operating, in the State, passenger
revenues being rather insignificant in that tlity
make up only 5 percent of the total. Most of the
railway freight revenues are derived from inter-
state traffic. The most important commodity
groups moved by the railroads (based on carload-
ings) are farm products and lumber and wood
products.

In the area of air transportation, the bulk of in-
tercity service in California is carried out by 12
operators. The Los Angeles-San Francisco seg-
ment is by far the largest air passenger market m
California. This market is served by several in-
terstate carriers plus one intrastate carrier. Meas-
ured in terms of the number of passengers carried,
the intrastate carrier is the largest on this particu-
lar segment. Many other California communi-
ties are linked by air service, and in 1962 there were
at least 18 city pairs with the number of outbound
plus inbound passengers exceeding 1,000.

Maritime commerce between California points
is a small industry, with most of the activities be-
ing localized in the Los Angeles and San Francisco
port areas.

As is true in many other areas in the 'United
States and abroad, portions of the transportation
industry in California are heavily regulated. The
regulation is performed primarily by the Public
Utilities Commission, although other agencies,
such as the California Highway Patrol and the
Department of Motor Vehicles, have regulatory
powers.

Within the framework of economic regulation,
the State has the power to fix maximum and mini-
mum rates, as well as the exact rate to be charged.
The number of carriers in operation at any one
time is controlled through the requirement that
carriers must have certificates of public conven-
ience and necessity or permits in order to have
legal operations. The power of the State to regu-
late also extends into the area of service, route, and
schedule regulation, and the commodities which
carriers may haul are prescribed. Carriers in
California are subject to limitations on the size
and weight capacity of their equipments, and they
must observe rigid safety standkards.

2. The Impact of New Technologies on Trans-
portation

Technolo ical progress in a number of areas
will affect Future modes of transportation. New
types of aircraft, hydrofoils, high-speed trains,
all loom in the future as possible ways of improv-
ing the transportation system.

But the transportation system of the future will
be affected by technological developments in an-
other way, by affecting the demands for transpor-
tation. Therefore, such areas as new techniques
in energy conversion, automation, and communi-
cation must also be considered.

New population pressures will lead to increasAd
production in California, and even to the estab-
lishment of industries which do not now exist.
This will be reflec cid in a rapidly increasing de-
mand for all kinds (.1 transportationmore high-
ways, higher railre ad traffic, increased coast and
inland waterway traffic, and more transportation
by air.

Nationally, air transportation accounts for
about 55 percent of the total common-carrier
passenger intercity traffic. By 2000, air trans-
portation is expected to account for 85 percent.
Helicopter service and, at a later date, VTOL
transportation should carry much of this increased
traffic in California. Surface transportation is
visualized to be integrated with air transporta-
tion and to develop in a regional form which ulti-
mately might be tied into a statewide system.
Because of its regional nature and the availability
of air transport for longer distances, the surface
system need not have a speed in excess of 80 m.p.h.
The technology will be available for surface speeds
which compare to the airplane's, but geography
and economics appear to be against such a
development.

Developments in communications will tend to
reduce the need for travel and, combined with the
application of computers, could cause the charac-
teristics of cities to tend toward the "command
post" concept. Computers and automation will
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also lead to a shorter workweek, with resulting
increase in recreational time.

An ample supply of energy should be available
through the use of nuclear power, particularly
after the breeder reactor has been thoroughly de-
veloped. If fusion reactors become a reality,
energy resources will be practically limitless. The
technolog; to support an increased population
and increased production will be available. The
technology to provide for the transportation needs
which these increases engender will also be avail-
able. The greatest limitation is likely to be
economic.

3. Future Transportation Problems

Many aspects of potential transportation prob-
lems in the future seem reasonably certain from
examination of California tociay and of the im-
pact of major trends. Other equally important
possibilities, however, are less certain. The major
influencing factors must be recognized and under-
stood if planning for futuTe transportation needs
is to be effected. A number of significant current
transportation problems can be pointed out. The
most evident of such problems is certainly that of
home-to-work commuting in the major metropoli-
tan areas. Many sections of new freeways oper-
ate at maximum loads during rush hours, prac-
tically from day of opening;.

A second important problem is that of traffic
congestion on major arteriesnot only highways
but major airports as well.

A third significant problem is the lack of effi-
cient public, local, and metropolitan transprta-
don. This is particularly a problem between
airports and business centers. Other problems in-
clude : Modal coverage limitations, outdated load
and unload transfer procedures, imbalances in the
use of various modes, and the complexity of rate
re lation, taxation, and subsidies.

hese problems are responsible 'for a number of
economic and social losses, loss of time, inconven-
ience, and increased costs resulting from traffic
congestion. Inefficient transportation is responsi-
ble for a loss of mobility and business.

California's future problems in transportation
will stem from. growth in population and the econ-
omy generally, changes in distributions of land use,
technological advances, and evolutions in govern-
mental control practices. The effect of these is
less certain. Population growth, for example,
may proceed in various ways. A continuation of
the current trend may be hypothesized where the
population will be concentrated in high density
megalopolism in the San Francisco Bay area and
the Los Angeles/San Diego area. However, the
development of improved communications which
wou10 permit dispersed working areas may result
in a dispersed low-density population.
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In the first case, we will obviously have a magni-
fication of today's metropolitan problems. In the
second case, the problem will be of interurban flow.
Another major problem. resulting from popula-
tion growth will be a ceiling on land availability
and competition for land use. Further, as the size
of the system increases the complexity and severity
of interface and inthrference problems also in-
crease. New modes of transportation which may
be introduced will generaLe new integration and
control problems. The need for central coordina-
tion and for public education will grow and be-
come more pressing.

4. A Systems Approach to Problem Solutions

The study thus produced an image of transpor-
tation as a subsystem embedded in the larger struc-
ture of the California economy as a whole. It is
not possible to consider transportation without
consisiering the mutual in'.eractions between it and
other spheres of socioeconomic interest and devel-
opment in the State. The study further indicated
that transportation would present problems in the
future of unparalleled magnitude and complexity,.
The uncertainties in problem definition coupled
with the almost limitless range of possible develop-
ments create a particularly difficult anabsis and
planning problem.

The technique proposed by the study team for
handling this complex of problems is simulation.
The intimate relationship between transportation
and the other affairs of the State indicates that the
simulation must be of the entire State system. The
State's major internal activities, or subsystems,
must be represented along -with transportation.

Examination of the representation of Califor-
nia as a system suggests several implications. The
broadly defined transportation subsystem is seen
to be a central, vital element of the overall State
system upon which the functioning of every other
subsystem is dependent. This suggests the im-
portant possibility that the transportation sub-
system may be used to influence many aspects of
the State's functioning, ranging from the level of
the economy to population distribution and land
use. Furthermore, any attempt to solve transpor-
tation problems based on ind.ependent studies of
the population and economy would not allow for
investigation of such a possibility. For these rea-
sons, it is necessary to simulate most other aspects
of California activities when studying transporta-
tion.

Evaluation of future transportation systems
must incorporate as an integral part projections of
the economy, population, land use, and their inter-
actions. In such a simulation, these projections
would be used to form a projection of the future
"profile" of the State in order to derive transporta-
tion demands. Various submodels in the aggregate
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comprise the simulation. Three basic submodels,
population, econometric, and land use, develop
possible future transportation demands. These
feed a fourth, which is used to allocate demand to
transportation modes and defme the flow patterns.
This information passes into a fifth submodel used
to simulate existing or possible transportation
systems and networks. The results of this simula-
tion are fed into a sixth submodel for evaluation.

It should be noted that within the operation of
the model, the analysis proceeds incrementally : A.
projection of conditions at some future point in
time is not made in a single step, but rather is

reached through a progression of incremental
time periods ch.osen at will but usually represent-
ing 5 to 10 years. This procedure permits the reso-
lution of many problems which plague planning
activities by producing the sequence of occur-
rences, allowing the point of divergence from de-
sired results to be identified.

Population Submodel. The population sub-
model activates and drives the entire California
model through the development of population pro-
jections from the base year, 1963. .A.n initial pro-
jection to the desired point in time is made for each
of three nonoverlapping entities : California, the
rest of the United States, and the rest of the world.
From a profile of expenditures by the projected
populations, the demand for goods can be de-
veloped and is interpreted in terms of dollars dis-
tributed over sectors of the economy, including
purchases of consumer goods produced by indus-
trial sectors.

Econometric Submodel. The demands dis-
cussed above form the driving functions for the
econometric submodel, the heart of which is a
rather complex analysis which accounts for inter-
industry activity. The objective is to establish the
total output of every sector of the economy as well
as the final fund flows between industries. The
results of this analysis have many uses. For in-
stance, productivity trends for each of Lhe indus-
trial sectors can be utilized to derivE the labor
force necessary to achieve the output rnquired by
the final demand. Any increment change in out.
put is eventually utilized by the land use submodel
and converted into new requirements for land use.
In addition, changes in the work force can be
checked against the initially projected population
growth and characteristics within the State.

Land U8e Submodel. Conversion of economic
activity into land use is the next step in the analy-
sis, representing an interplay between the econ-
ometric submodel and the land use submodel.
This is done by allocating the increase in economic
activity to basic land units or zones on the basis
of relative attractiveness of the zone to the activity

considered. In application, a descending order of
priorities segments the land use: Manufacturing,
residential, retail and services, and fmally whole-
sale locations. The final product of the land use
submodel is the geographic specification of
centroids of origins and destinations of personal
trips and of those where commodity flows are
generated (sources) and absorbed (sinks).

Tran8portation Demand Submodel. The analy-
sis then proceeds to the development of the trans-
portation demands generated by a given placement
of people and other activities. This is done in
two distinct elements, commodity flow and people
flow.

Commodity flow is established on a yearly basis
adjusted for seasonal variations. Joint operation
of the land use and econometric submodels allows
all sources ani, sinks to be geographically situated
and the total flow between them determined.
Within the transportation demand submodel, a
market allocation process is applied to measure the
flow between each source and sink. The result is
the specification by commodity of the strength of
desire, or demand, for flow.

The desire for personal travel is developed from
information provided by the population, land use
and econometric submodels. Tine generation uf
desire to travel between zones is dependent upon
the number of people and their economic status
within the origin zone and the accessibility and
attractiveness of the destination zone. The dis-
tance and/or cost of travel between zones is em-
ployed as a resistance factor.

Transportation Simulation Submodel. Infor-
mation derived from the transportation demand
submodel is fed into the transportation simulation
submodel, which simulates movement (the han-
dling of the demand) over a transportation net-
work. Initially, the transportation demands for
the year under study are applied to the transpor-
tation networks which exist or are firmly planned
in the base year. This permits, for example, as-
sessment of the growth potential of a given trans-
portation link of an isting network in terms of
how long and well it All service future demand as
influenced by several variable factors.

Evaluation Submodel. The transportation
simulation submodel furnishes information to the
evaluation submodel describing the deficiencies,
link overloads, revenues collected, etc., of alter-
native transportation networks. In turn, the
evaluation submodel determines, through an iter-
ative process, the network (mix of modes, routes)
which should be applied to best serve the overall
transportation demands and requirements of the
periods under consideration. Technolooical
changes related to new modes of transporation
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are reflected directly into networiz changes in the
transportation simulation submodel. In the iter-
ative process, network changes are reflected back
into the population, econometric, and land use sub-
models2 with the principal effect being a change in
attractiveness of the geographic zones with respect
to their accessibilityone of the factors which
determines the growth of a zone.

This then completes one major cycle through the
submodels, resulting in a new description of the
land use, population, economy, and transportation
networks which might exist at the time under con-
sideration. The model can again be cycled in the
same fashion to obtain other descriptions of the
total California system for the same time period.

Other uses of the California transportation
model are anticipated, one of which is to measure
the impact of contingencies. For instance,
changes hi transportation demands induced by
floods, earthquakes, or fires are immediately re-
flected. In addition2 technological advances like-
ly to have a persuasive influence on the economy
or on the distribution of the population would be
incorporated in the economic submodel.

5. Program Plan

A plan to accomplish the research analysis and
simulation model development was also developed.
The suggested program spans a 52-month period.
The cost estimates range from a low figure of $5.9
million to a more expensive (but higher probability
of success) figure of $9.2 million.

The estimated schedule for the completion of the
six submodels is as follows :

Basic Subm,odels

1. Land use : Developed and checked out at the
end of the 10th month. Can be used independently
to investigate landuse trends and their attendant
effects upon industrial and population distribu-
tions.

2. Population : Developed and checked out at
the end of the 11th month. Can be used independ-
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ently to investigate population growth and de-
mand trends.

3. Econometric : Developed and checked out at
the end of the 15th month. Can be used indepen-
dently to project interindustry flow, productivity,
and employment trends, and gross state product.

These basic submodels would be integrated with
each other and with the data base at the end of the
21st month, and could be exercised to measure and
project in a number of areas.

Transportation submode 8:

1. Transportation simulation : Developed and
checked out at the end of 25th month. Using in-
dependently generated inputs, can be used to assess
adequacy of links by mode and to examine new or
proposed transportation schemes.

5. Evaluation : Developed and checked out at the
end of the 26th month. Can be used to evaluate
the outputs of the independently operated trans-
portation simulation submodel as well as the in-
formation generated by simultaneous operation of
the population, land use, and econometric sub-
models.

6. Transpoztation demand : Developed and
checked out at the end of the 29th month. Serves
as the bridge between the basic and transportation
submodels.

All models would then need to be fully inte-
grated and validated as a functional unit against
an actual situation. This should be accomplished
by the end of the 42d month. Initial analyses on
the validated model and final reporting are esti-
mated to require an additional 10 months.

A seventh task is included, in addition to the six
submodels : "Supporting studies, system integra-
tion, and validation and program reporting."
This will include continuing investigations into
advanced technology. This effort is intended to
provide insight into the impact of new tech-
nologies on transportation and also valuable back-
ground material to evaluate proposed new trans-
portation systems. Other studies recommended
are a government study (of regulatiolis, subsidies,
taxes, planning, etc.) and a contingency study.
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PREFACE

Spurred by what many consider an unduly pessimistic outlook for the aerospace industry and
apparently optimistic about the transferability of the industry's research and development capabili-
ties, the State of California has moved to stimulate diversification and, at the same time, solve
a number of its own difficult and long-standing problems. The State has paid public tribute to
the industry's scientists and engineers and asserted its confidence in their ability to apply the
"systems approach" to questions of State and local interest. Whether such optimism is warranted
is a significant but hardly decisive issue. The hypothesis is still unproved that scientific and
engineering skills, focused for many years almost exclusively on problems of Lational defense and
space exploration, can be oriented easily to other fields of public concern.

This hypothesis has been examined in some detail for this report : By interviews with public
and private individuals to gain a better insight into the questions surrounding such a transfer ; by
a reasonably extensi7e, although far from complete, review of related writings ; and by an analysis
of the scientific and engineering activities throughout the phases of a large-scale system program
(with an attempt in the process to relate the activities to the relative transferabilities of identifi-
able groups of scientists and engineers associated with each phase). Four aerospace contractors
for the State of California provided case examples of the aerospace industry's attempt to apply
some of its research and development skills to civilian public projects. Therefore, their studies
were also used in helping judge the ease with which aerospace scientists and engineers could trans-
fer their talents to the early phases of a public system program. While open to debate, as all
such issues must inevitably be, the conclusions reached as a result of the examination are based on
an honest and, hopefully, objective appraisal of the information available to the authors.

This document also presents results of work sponsored jointly by the Directorate of Operational
Requirements and Development Plans, DCS/Research anit Development, Headquarters 'U.S. Air
Force, and Analytic Services Inc., as part of its independent research program. These results do
not necessarily represent the opinion of anyone other than the authors.
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Transferability of Research and Development Skills
in the Aerospace Industry

Summary
The suggestion that the aerospace industry be

used to help solve complex domestic problems
raises two closely related questions :

1. Will civilian public projects become im-
portant as diversification opportunities for
the aerospace industry ?

2. How well do the aerospace industry's re-
search and development capabilities match
those needed in civilian public projects ?

Both questions are important, and both bear
on the more general issue of the transferability of
research and oievelopment capabilities in the aero-
space industry.. One asks whether the capabilities
will be transferred; the other, how difficult the
transfer would be.

Civilian Public Projects: New Market for the
Aerospace Industry?

The public is apparently placing increased im-
portance on a number of difficult and long-stand-
ling domestic problems. Moreover, interest is
bemg expressed in attempts to solve some of the
problems by drawing on new techniques and indus-
tries formerly identified with advanced technologi-
cal endeavors. California, for example, in an
almost unique situation favoring the adoption of
novel methods, lias asked its large aerospace indus-
try to study four of its most urgent problems:

aste management, crime and delinquency, trans-
portation, and information storage and handling.
This action may be the first step in a trend toward
the use of a process thai has been noticeably lack-
ing at the State level ; i.e., utilization of science and
scientific research in the type of policy-supporting
role used on the Federal level since the beginning
of World War II.

Because of the growing complexity of domestic
problems, this trend may continue. However,
there seem few reasons to assume that other States
will necessarily follow California's example in
turning to aerospace companies. A number of
other k.inds of organizations appear equally capa-
ble and useful.

Undoubtedly, the aerospace industry will be-
come more aggressive in its attempt, tA3 diversify

into new product areas if the defense-space market
fails to grow as it has in the past. Some compeig
officials relieve that the market has already lost its
former growth characteristics and, consequently,
they are starting to look seriously at possibilities
offered by civilian public projects. This contrasts
rather markedly with the limited management
support and interest often given past attempts to
diversify into the consumer products market.

The advances needed to solve most domestic
problems lie more in the fields of social, political,
and economic science than in the technological
areas identified with the aerospace industry,.
Therefore, the undertaking of civilian public proj-
ects would be a reversal in the aerospace industry's
historical trend toward products of increasing
technological complexity. In a market in which
its advanced research and development capabilities
would be less important and where a number of
other companies are already actively engaged2 the
aerospace industry would face a more competitive
situation than it has in the 'oast. Then, too, exist-
ing institutional obstacles, long-standing leg. al re-
strictions, and vested interests of individuals and
groups, both public and private, could lead to other
forms of competition for the industry.

Aerospace R. & D. Skills: Important Charac-
teristics

Some think that the aerospace industry's ex-
perience with the "systems approach" is the unique
quality that it can bring to bear on complex do-
mestic problems. While attractive in its simplic-
ity2 this point of view obscures the true charac-
teristics of the industry. What it actually has to
offer is an almost unique combination of special-
ized industrial experience, overall capability, and
individual scientific and engineering skills.

There are a number of essential differences be-
tween the experience of the aerospace industry md
that of others:

1. The industry is accustomed to working with
a customer that identifies its needs and
establishes objectives toward which specific
programs can be directed. Thus, the mar-
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keting function is frequently a joint en-
deavor.

2. In the past, at least, the objectives have
usually led to programs requiring major
technological gains.

3. Owing to the magnitude of weapon system
programs, the customer ha.s assumed the
initiative (and the risk) and has financed
the development of the products it wants
to buy. As a result, the customer controls,
to a rather significant extent, not only the
approach the industry takes in developing
a system, but also the internal operations
of the company.

4. Most weapon and space systems require the
development of advanced subsystems by
associate or subcontractors working in dif-
ferent technological fields and under var-
ious degrees of technological uncertainty.
As an integrating contractor contractually
obligated to deliver a working system, an
aerospace company must work to ensure
the performance and compatibility of all
elements under development.

5. The industry has had to learn how to meld
the efforts of large numbers of scientists
and engineers.

These five differences add up to an 'industry
experience" almost wholly confmed to the develop-
ment and production of large-scale systems for the
Federal Government, where inherent technologi-
cal uncertainties in development and large pro-
curement expenditures are characteristic of the
acquisition process.

_Aerospace firms have developed broad capabili-
ties in at least four functional areas :

1. Aerospace companies customarily engage
in activities concerned with determining
needs, establishing policy and objectives,
estimating future technical possibilities,
synthesizing and analyzing system con-
cepts, and conducting studies to determine
efficient resource allocations.

2. The aerospace industry carries out system
engineering and technical direction func-
tions which are somewhat analogous to
the more traditional architect-engineer
functions.

3. The industry has developed capabilities
based on its experience in designing, devel-
oping, and manufacturing what amounts
in a technological sense to progressively
advanced models of similar end products.

4. From time to time, aerospace companies
have demonstrated their capabilities for
operating large-scale, Government-owned
systems.

Thus, the aerospace industry possesses the expe-
rience and ability to carry out a number of differ-

ent functions, each of which has some potential
utility for civilian public projects.

Scientific and engineering activities vary as a
large-scale system program progresses through its
life cycle. 'Therefore, the skills, work back-
grounds, and educational attainments of scier tists
and engineers in one program phase tend to differ
from the corresponding characteristics of those
employed in other phases. Or, at least, some char-
acteristics are apparently much more predominant
;.n one phase than in another.

Important contributions in the public-projects
area may be made in the future by scientists and
engineers regularly assigned to earlier program
phases. However, the scientific and engineering
skills of the industry seem overwhelmingly
oriented toward development and development
test functions. One suspects, then, that more at-
tention needs to be given to the transferability of
those who spend their time almost wholly on
development and development test activities. This
is especially true because the latter group, con-
sisting principally of engineers holding under-
graduate degrees and those with no degrees, is
probably not in short supply now, nor is it likely
to be in the foreseeable future.

As the aerospace market is constituted today,
the overall distribution of scientists and engineers
throughout the industry, probably approximates
fairly well the technical profile of an "average
company," for there is substantial homogeneity
among large aerospace programs. To speak of
a typical public program in thissense, however, is
very likely misleading. The distribution of tech-
nical fields of specialization within one public pro-
gram frequently will vary markedly from those in
another.

Conclusions

Studies such as those performed by the aero-
space industry for the State of California may be
useful in helping identify possible solutions to
complex domestic problems. However, as indi-
cators of the ease with which the research and
development capabilities in the aerospace industry
could transfer to civilian public projects, Cley are
inconclusive, testing as they do only a very small
sample of the seemingly most transferable indus-
try scientists and engineers.

Just as its success in performing any function in
large domestic projects will depend on its ability
to compete with other interested public and private
instrumentalities, so will the future success of the
industry in conducting studies of this sort. Then,
too, how capable and resourceful governmental jur-
isdictions will prove to be in overcoming individual
and institutional barriers will determine to a large
extent the importance of civilian public projects as
diversification opportunities.
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To assess the degree of mismatch between the
industry's scientific and engineering skills and the
skills needed to design and develop large-scale
civilian systems is extremely difficult without TAfer-
ence to specific public programs. Nevertheless,
some insight into the relative transferabilities of
industry's scientists and engineers can be gained by
analyzing activities in each of the weapon system
program phases. Based on such analyses, the fol-
lowing conclusions were reached :

1. Scientists and engineers in the early phases
should have the least trouble in. transfer-
ring their skills.

2. Scientists and engineers in the design and.
development phase would very likely en-
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counter the most difficulty in transferring
their skills.

3. Scientists and engineers in the production
and acquisition phases would probably find
a situation somewhere between 1 and 2,
ab ove.

Thus, the largest group of scientists and engi-
neers in the industry, those engaged in design and
development activities, may prove to be the least
transferable. Still, whether the scientific and
engineering skills in the aerospace industry could
be transferred easily may not be a conclusive issue.
For, after all, other problems surrounding indus-
try diversification appear much more difficult than
the problems accompanying the transfer of its
scientists and engineers.

Introduction

A fairly substantial body of opinion holds that
civilian public projects offer new and potentially
profitable opportunities for the aerospace indus-
tryopportunities that may afford offsets to cut-
backs or intraindustry shifts in defense and space
spending. Whether such views have merit de-
pends largely on the nature and extent of the cut-
backs or shifts, the probable growth of the civilian
market, and the characteristics of the industry as
they relate to its ability and desire to move into
new product areas. The purpose here is to ex-
amine these factors, trying in the process to clarify
their relationships to the objectives of this study.

The Aerospace Market

Many profess to see in the move to diversify into
the civilian public-prcjects area a similarity to
an earlier pattern of diversification within the
aerospace inizlustrya pattern that began with the
shift from aircraft to missile development and
production and continued with the shift into the
space program. The relative ease with which
these shifts were accomplished is taken by some
to be an indication that a shift into the new mar-
ket, should the market develop, could be brought
about just as readily. While at least some surface
indications support this point of view, there are
also a number of Questions which can be raised in
opposition. To adopt either view would be pre-
mature without an understanding of the earlier
diversification efforts of the industry and, in par-
ticular, how it has historically responded to past
changes in the defense-space market.

Perhaps the most significant trend which has
emerged in the aerospace industry during the last
two decades is the progressive increase in the ratio
of research, development, test, and evaluation
(RDT&E) to procurement of hardware. Figure
1 illustrates this trend over the last several years,

showing an expenditure crossover point in fiscal
1961, where RDT&E expenditures became larger.
While a part of this change in the military budget
can be attributed to an actual decline in procure-
ment, the increased complexity of modern weapon
systems has undoubtedly played a role as well.
For example, according to the Department of De-
fense (DOD) Comptroller, while aircraft RDT&E
costs since 1960 have run about one-tenth of air-
craft procurement costs, missile RDT&E has ap-
proximately equaled missile procurement costs.
.And because of the research and sievelopment char-
acter of most space activities today, the budget
of the National Aeronautics and Space Adminis-
tration (NASA) can be almost wholly classified
as RDT&E funds. What this says, of course, is
that the aerospace industry, as it merged its missile
and space programs with the development and
production of aircraft, has more and more under-
taken programs of increasing scientific and. tech-
nological complexity.

Effects stemming from the greater emphasis on
research and development have touched almost
every aspect of the industry's operations. Capital
outlays have increased, h3W subsidiaries have
arisen, the ratio of technical to total employees has
increased, and the product mix of the industry has
broadened.

In the last decade, as revealed in figure 2, capital
expenditures sharply increased in the period 1954
57 and again from 1960-63. While the increased

rate of expansion in the first was occasioned by

(1) the need to modernize what werc essentially
World War II plants ; (2) the divesture of many Gov-
ernment-owned. facilities and a considerable decrease
in Federal expenditures for industry's operation of
such facilities ; and. (3) the almost concurrent advent
of the ballistic missile programs, which required in-
creased manufacturing capacity and novel test fa-
cilities,
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FIGURE 1. Aerospace Procurement and RDT&E Expenditures (Fiscal Years 1956-64, Actual; 1965-66, Estimated)
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SOURCE : R. Dean George and Edmund M. Phelan, "Analysis of Aerospace Funding and EmploymentFiscal Years 1956 to 1966",1965 (information from Office of the Secretary of Defense Comptroller and annual budget documents).

the second resulted from the buildup associated
with the advent of the National Space Pro
As a result, new R. & D. facilities accountedi for a
major portion of the capital expenditures of these
companies from 1954 to 1963. What this meant in
terms of floor space utilization is shown by data
developed by Shapero and Vollmer in their analy-
sis of 19 major aerospace contractors (see table 1).
These data show a predictable and unmistakable
response to the shift toward products of higher
technolog;ical complexity.

Even before 1954, however, the effects of market
changes were being felt on the management of a
number of aerospace firms. Miller has described
North American Aviation's experience as follows :

North American Aviation was one of the first com-
panies in the aerospace industry to recognize the im-
portance of new technical fields and act upon it. In
1915 it proposed a program of missile research and
development to the Air Force which later became the
NAVAHO intercontinental cruise missile program.
As part of this effort, North American developed a

1 Thomas G. Miller, Ir., "Strategies for Survival in the Aero-
space Industry" (Cambridge : Arthur D. Little, Inc., 1964), p. 17.

liquid-fuel rocket engine which was a considerable
improvement over the German V-2. This develop-
ment was the origin of the Rocketdyne Division,
which supplied rocket engines for most of the Lallistic
missile and NASA booster programs. During this
same period, the former North American Aviation
Technical Laboratory acquired a pioneering com-
petence in inertial guidance systems which later en-
abled it to be established as the Autonetics Division,
the largest compone -it of NAA for several years'

TABLE 1. FLOOR SPACE ALLOCATION IN SELECTED
AEROSPACE ACTIVITIES FOR 1955 AND 1961

Allocation

Manufacturing
Laboratory and aim
Storage
Other uses

51.7
17.9
14.6
15.8

39.9
28.4
14.4
18.3

Sousa: Albert Shapero and Howard M. Vollmer, "Technical Profile of
the Industry," The Industry-Government Aerospace Relationship, vol. II
(Menlo Park: Stanford Research Institute, 1963), p. 268.

p. 31.
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FIGuRE 2. Aeroepace Plant and Equipment Empenditurea
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This tendency to establish separate divisions or
subsidiaries in new areas of company competence
has become a fairly common practice in the indus-
try, as further illustrated by. Aerojet-General
Corp.'s establishment of Space-Greneral in 1961 "to
undertake research, development, and production
in the broad fields of electronics and space tech-
nology," and the Lockheed Aircraft Co.'s estab-
lisment of the Lockheed Missiles and Space Co.
in 1954 to manage a number of growing systems
programs.

The increase in corporate entities in the industry
has not been matched by a grrowth
in employment, for, as shown in re 3, the total
number of employees has steadily ..allen off since a
peak in 1957. Employment of production work-
ers has followed a similar decline and while the
reduced number of cost-plus-fixed-fee contracts
entered into by the DOD smce 1960 may have dis-
couraged stockpiling of employees,3 it is probable
that the decline in production contracts and pos-
sibly a wider use of automated manufacturing
tools al-e principally responsible for the work force
reductions. In contrast, as shown in figun 4, the
increase in RDT&E contracts has resulted in the
steady growth in the employment of scientists and
engineers, almost doubling over the 8-year period
since 1957.

A broadening of the techaological base of the
aerospace industry accompathed the rise in em-
ployment of scientists and cagineers as many com-
panies moved into new fields and attempted to gain

*Joseph D. Mooney, "Displaced Engineers and Scientists: An
Analysis of the Labor Market Adjustment of Professional Per-sonnel," (Massachusetts Institute of Technology [thesis], 1965),p. 21.

inhouse research and development capabilities in
a number of areas formerly dominated by non-
aerospace firms. And so the picture of the indus-
try during almost the last two decades has been
one of steady movement toward increased scien-
tific and engineering participationfrom which
products of increasing technological sophistica-
tion have resulted.

Bat would a move into the civilian public-project
area be a continuation of this trencif Probably
not, for many would agree that most domestic
problems facing the Nation today could be sub-
stantially alleviated, if not solved, by the applica-
tion of technology much less advanced than that
found in the aerospace industry today. And while
there are certain exceptions, such as the applica-
tion of nuclear technology to civilian needs and
the development of supersonic passenger liners,
the major advances needed probably he more in
the fields of social, political, and economic science
and less in the technological areas identified with
the aerospace industry. Still, this is not to say
that the scientific and technological capabilities of
the aerospace industry could not be usefully em-
ployed in applying present-day technology to
domestic areas or that improvements in these areas
would not be valuable and. far reaching.

Growing Importance of Civilian Public Projects

Whether civilian public projects actually rep-
resent even a potential market for the aerospace
industry depends to a great extent on the impor-
tance the public places on satisfying domestic
needs at the Federal, State, and local levels. A
number of authors have described how the aero-
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FIGURE 3. Aerospace EmploymentTotal and Production Only
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space industry might assist in meeting such needs.4
Most have generally described them as urgent and
important, although their importance, as viewed
by the general public, cannot be measured quanti-
tatively. There are, however, a number of hidi-
cators, ranging from increased coverage in the
press to more and more attention to the subject in

, statements and addresses by local, State, and na-
tional leaders. For example, Julius A. Stratton,
president of Massachusetts Institute of Technol-
ogy, in a June 1964 commencement address re-
marked on the need for solutions in many problem
areas in this fashion:

And so, too, our societythe body politicis subject
to old, chronic disorders and to new ailments. These
diseases of the system are emerging in increasing num-
ber ; and we must be courageous in recognizing that
they are themselves the byproducts of our high tech-
nological environment. . . . We can no longer afford
to nibble away piece by piece at the problems of the
modem cityof transportationof underdeveloped
economiesof automationor of disarmament.'

Then, too, the importance that the present Ad-
ministration places on these problems was pointed
out in Press lent Johnson's 1965 state of the Union
message.6

But the actions of Congress, perhaps more than
any other single indicater, are a forceful exhibit of

4 See Murray L. Weldenbauni, "Defense Cutbacks and the Aero-space Industry," Astronautics and Aeronautics (June 1964), p. 63,for a description and factors a company should consider beforeattempting a move into one of these areas.
g Julius A. Stratton, commencement address (MassachusettsInstitute of Tetanology, June 12, 1964 ; later published inDaedalus, fall 1964).
41 The Washington Post (Jan. 5, 1965), p. Al().

the public concern for domestic needs, for, after all,
congressional appropriations are necessary to
transform words into meaningfulprograms to alle-
viate the problems now before the country. Table
2, in its overview of Federal spending, suggests
that during the last decade Congress has tended
to ascribe an increasing importance to public needs,

ending 15.2 percent of total Federal payments in
qcal 1956 for health, labor, welfare, education,

housing, and community development ; 23.4 er-
cent in fiscal 1961 ; with 29.3 percent estimated for
fiscal 1966.

TABLE 2. COMPOSITION OF FEDERAL PAYMENTS

Functions

Percent of total by fiscal year

1956
(actual)

1961
(actual)

1966
(estbnate)

Health, labor, welfare; education; hous-
ing, community development 15.2 23.4 29.3

National defense, space, interest 63.5 55.9 52.2
Other. 21.4 20.7 18.5

Total- 1100. 0 100.0 100.0

I There appears to be a discrepancy here of 0.1.

Sonars: The Budget in Brief, Fiscal Year MB (Washington: U.S. GPO,
1965), p. 18.

There are, then, some indications that the public
is placing greater importance on meeting its
domestic needs. Furthermore, there is a great deal
of interest in attempting to solve some of the
problems which Stratton calls "old, chronic dis-
orders and new ailments," by drawing on tech-
niques and industries formerly identified with ad-
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vanced technological endeavors. Until now, how-
ever, the work of these industries in this area has
been limited primarily to the provision of serv-
icesi.e., conducting studies and operating train-
ing centers. Moreover, only a small fraction of
the money being spent today to satisfy domestic
needs is being spent for new and unconventional
solutions of the type the aerospace industry might
have to offer. Thus, from the point of view of the
industry, the public-projects market now is more
potential than real? Whether it develops and
becomes a significant factor in the later growth of
the aerospace industry depends in large part on
how actively the industry pursues the emerging
opportunities in the area and on the interests and
abilities of individuals occupying present and
future key positions in local, State, and national
governments.

Characteristics of the Aerospace Industry

One of the reasons frequently citedand possi-
bly the principal onefor believing that the indus-
try can successfully diversify into the public proj-
ects area rests in the experience of aerospace
companies in applying the systems aproach to de-
velopment and production of large-scale systems in
which significant technological advances are re-

/In the remainder of the report, the term "public-projects
market" refers to an aerospace industry market.

iuired. Just what the "systems approach" implies
in relation to the experience of the industry and
why this should ease its problem of entry into the
public-projects area are not always made com-
pletely clear by the proponents of this view. Nor
is there full agreement among them on what consti-
tutes this experience. This lack of consensus was
amply evident during interviews with various
members of industry and government. When
queried, fcr example, on what they understood
industry's past experience with the systems ap-
proach to be, they expressed a number of different
opinions:

The "systems approach" is the process of solving fune
tional problems.

It is the methodology employed in the design of a
system ; a methodology that is basically always the
same.

The "systems approach" is the method used by indus-
try in contracting with the government in a single
customer market.

Integrating subsystems into working systems is what
is meant by tile "systems approach."

While all different, each of these statements de-
scribes some characteristict, ffhat appears to be
some characteristieof the total industry experi-
ence in developing and supplying military and
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space systems to the Federal Government. And
undoubtedly it is the ov:rall experience, rather
than some nebulous experience in applymg the
systems approach?" that should be exammed when

assessing the likelihood that the aerospace indus-
try could successfully diversify into the public-
projects area.

In terms of overall experience, there are a num-
ber of essential differences between the experience
of the areospace industry and that of others. These
have to do with (1) the marketing function ; (2)
technological innovation ; (3) program size (4)
subcontracting practices; and (5) the ratio Of sci-
entists and eng.ineers to total industry employment.
Specifically, the important differences are :

1. In contrast with other product areas, the in-
dustry is accustomed to working closely with a
customer who identifies his needs and establishes
objectives toward which specific programs can be
directed. Thus, the marketing function is largely
carried out as a joint undertaking of the customer
and the supplier, the initial contact between in-
dustry and the DOD usually being made long be-
fore a s_pecific system program can be identified.

The factors underlying a decision to initiate a
new weapon system program can be partially de-
duced from Boyd's 8 and Cherington's discus-
sions of the decision to undertake the Titan II
missile program. While the Titan I was con-
sidered a "backup" missile for the Atlas, some
among the scientific community thought the Titan
should be a more advanced missile. For one,
George B. Kistiakowsky, then a member of the von
Neumann Committee (this committee was com-
posed of scientists and occupied a key position in
the long series of recommendations which culmi-
nated in the Titan II decision) , ". . . felt the orig-
inal Titan I program was too close a parallel to
Atlas" and that it should be abandoned for the
Titan II approach." Industry became involved
in helping decide on the future of the Titan II pri-
marily as a result of its experience on the Titan
I program and it is interesting to note that three
of the eventual four larger Titan II associate con-
tractors had held equivalent contracts on the
Titan I program. Moreover, of the key per-
sons in ind.ustry and the Air Force who were later
involved in the development program, Cherington,
in his case study of the Titan II program found
that the bulk had prior experience on the Titan I
program.11

2. The objectives usually lead to programs in
which major technological gains are a necessity,

Harwell L. Boyd, Jr., "The Titan I! Decision," Defense Policy
and Administration Seminar (Harvard University, May 8, 1963).

9Paul W. Cherington, "Case Studies of Titan II and
NTDS," Toward Better Utilization of Scientific and Engineering
Talent: A. Program for Action, James R. Killian, Jr., committee
chairman (Washington : National Academy of Sciences, 1064),
passim.

"Boyd, op. cit.
Cherington, op. cit., p. 129.

often requiring the acquisition of new scientific
knowledge and almost always depending on diffi-
cult engineering. achievements. Consequently, the
activities of the aerospace industiy, more than
those ef most other industries, have been character-
ized, in the past at least, by major technological-
uncertainties and innovations. The Titan 11, for
example, incorporated a number of technological
innovations never before used in a missile system;
e.g., the use of a storable liquid propellant and an
all-inertial guidance system. Innovations of this
sort, coupled with reliability problems stemming
from the exceedingly large number of component
parts (ICBM systems may contain as many as
40,000 individual parts) complicates the de7elop-
ment of most products produced by the aerospace
industry."

3. Aerospace companies regularly manage pro-
grams much larger than those found in most in-
dustries, programs that very often run into billions
of dollars. To illustrate, the development of the
Ativ, ICBM cost $2.3 billion, Titan $2.6 billion,
Polaris $2.5 billion, and Minuteman I $2.1 billion )13
while Peck and Scherer found that the median
cost system still runs about $400 inillion.14 The re-
sult has been that the customer has taken the initia-
tive (and the risk) and has financed the develop-
ment of the products it wants to buy, but in so
doing, it has demanded a greater control over the
internal operations of the industry. As Weiden-
baum has pointed out, this control

. . covers such aspects as financial reporting sys-
tems, industrial engineering and planning (the com-
pulsory use of PERT/COST systems, for example),
limitations on the use of overtime, purchases from
abroad, restrictions on charitable contributions, pat-
ents, and pay rates.0

Thus, the wstomer controls to a rather significant
extent not only the approach which the industry
takes in developing a system, but also the internal
operations of a company.

4. The size and complexity of most weapon sys-
tems usually require the development of advanced
subsystems by associate contractors or subcontrac-
tors working in different technological fields and
under various degrees of technological uncertainty.
As an integrating contractor contractually obli-
gated to deliver a working system, an aerospace
contractor must work to ensure the performances
and compatibility of all elements under develop-
ment.

12 Merton J. Peck and Frederic M. Scherer, The Weapons Acqui-
sition Process: An Economic Analysis (Harvard University,
1962), p. 43.

19Robert S. McNamara, Secretary of Defense, testimony before
House Armed Services Committee (Feb. 1965).

u peck and Scherer, op. cit., p. 58.
19Murray L. Weidenbaum, "Some Observations on the 'Semi-

Nationalized' Industries" (unpublished paper, Washington Uni-
versity, 1965), p. 10.
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On the Titan II program, Martin Co.'s Denver
Division was the integrating contractor responsi-
ble for design and development of the airframe,
integration of subsystems, and testing of the com-
plete weapon system. The primary difference in
the role played by Martin and that of industries in
the commercial consumer market is this: The sub-
systems or products needed to complete a system
very often have to be developed in large-scale
weapon development projects with all their ac-
companying uncertainties. In contrast, the sub-
systems or products normally used in consumer
systems are usually "off the shelf" items with little
or no uncertainty about their performances.

5. Because of the characteristics of its products,
the industry has had to learnhow to mold together
the efforts of large numbers of scientist. and engi-
neers, a situation rarely encountered in most other
industries.

For example, in the development of the Titan II,
Martin Co. alone reached a peak employment of
16,500 man-months equivalent in October 1962, of
which approximately 20 percent were scientific or
engineering personnel." Table 3 further illus-
trates the magnitude of the scientific and engineer-
ing manpower buildup on large-scale weapon sys-
tem programs, showing the buildups for three of
the major companies working on the Titan II
program from january 1960 to November 1963? 7

Tlaese five differences add up to a "company ex-
perience" almost wholly confined to the develop-
ment and production of large-scale systems for
the Federal Government, where inherent techno-
logical uncertainties in development and large

TAl3LE 3. TITAN II SCIENTIFIC AND ENCINEERING MAN-
POWER

Date

Manpower

Space
technology

laboratories I

Martin (all
divisions)

A.C.
Sparkplug
Division

of General
Motors

Jan. 1, 1960_ 178 100 300

July 1, 1960 225 1,200 400

Jan. 1, 1961 238 2,000 525

July 1, 1961 243 2,500 500

Jan. 1, 1962_ 248 2,700 500

July 1, 1962 257 3,300 400

Jan. 1, 1963 235 3,300 350

July 1, 1963 230 2,750 300

Nov. 1,1963 218 2 2, 800 240

l Includes Titans I and II.
2 September.
Sousa: Paul W. Cherington, "Case Studies of Titan II and NTDS,"

Toward Better Utilization of Scientific and Engineering Talent: A Program
for Action, James R. Killian, Jr., committee chairman (Washington: Na-
tional Academy of Sciences, 1964), p. 113.

Cherington, op. cit., 11 113.
1? Letter (Paul W. Cherington, Graduate School of Business

Administration. Harvard University, to Ronald P. Black, Analytic
Services Inc., Sept. 8, 1905). Cherington noted that the data
reproduced in table 8 are actually shifted 6 months behind the
actual manpower loading ; e.g., the loading given for Jan. 1, 1960,
actually occurred July 1, 1959.
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procurement expenditures are characteristic of the
acquisition process." Thus, the nature of the
products has given rise to a Government-industry
relationship that has led Weidenbaum to suggest
that the industry could be justifiably called a
"seminationalized industry." lit

While some may question whether the relations
between the aerospace industry and the Federal
Government are this close, one suspects that they
have influenced to a large extent industry's past
attempts to diversify. ManSr companies have ex-
hibited a reluctance to move outside the aerospace
marketpartly, perhaps, from a fear that to do
so might impair their capabilities to carry out the
programs of their principal customers, the DOD
and. NASA. Consequently, faced, just as any
other industry, with a presumed need to expand,
the aerospace industry in the past has generally
tended to confine its growth either to previously
untried areas within the defense and space mar-
kets or to new areas where it could easily employ
its existing capabilities while giving precedence
to its aerospace endeavors. Recently, however,
by buying up firms in unrelated fields, a number

iof companies have demonstrnted an nterest in
markets totally alien to their inhouse capabilities
and existing product lines. Should this practice
continue and become even more widespread, it
could reflect a greater interest at the top manage-
ment levels in diversification designed to decrease
the industry's dependence on Federal spending for
defense and space purposes.

In contrast to this pattern of deliberate diversi-
fication resulting primarily from top management
decisions, the more normal pattern has been one
of natural diversification stimulated mostly by
management at the operating level and stemming
largely from two types of motivations. In the
first place, a declining market, such as the aircraft
industry faced in the early 1950's, generates pres-
sures within a company to modify its make-or-buy
policy to permit inhouse development and produc-
tion of a greater proportion of a total system.2°
To enable a company to do this requires the de-
velopment of new technological capabilities in
product areas formerly reserved for subcontrac-
tors. Diversification resulting from this form of
motivation is typical of the pattern historically
followed by most aerospace companies and un-
doubtedly represents the diversification activities
at which the industry has been most successful.

In the second place, existing technolocical capa-
bilities present opportunities to markeenewly de-
veloped products or to apply products developed
for one purpose to needs in other areas. This
situation has from time to time led several com-
panies to make attempts at entering (1) the con-

1$ Peck and Scherer, oP. 17-
Weidenbaum, op. cit., p. 13.

=Peck and Scherer, op. cit., p. 888.
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sumer products market ; and (2) the nonconsumer,
specialized applications market. On one hand,
as noted by a number of authors, the aerospace
industry has usually been unsuccessful in its pene-
tration of the consumer products market. And it
might be noted that in these past attempts manage-
ment normally exhibited only mild interest and
rarely gave them more than limited support.
Weidenbaum noted that this situation

. . is evidenced by the very small investments made in
comparison with military and airline projects, and also

the reluctance to commit full-time senior management or
top technical personnel to [this] area of diversification.°

On the other hand, when industry has undertaken
the marketing of specialized products and serv-
icessupplying instrumentation for oceano-
graphic research, designing automated ware-
houses, developing and producing equipment for
oil drilling purposesit has usually met with con-
siderably more success.

21 Murray L. Weidenbaum, "Adjusting to a Defense Cutback:
Government Policy Toward Business," The Quarterly Review of
Economics and Business, vol. 4 (1964), p. 8.



The California Experiment

Justified or not, the mounting concern over fu-
ture growth prospects in its large aerospace indus-
try and a frowing suspicion that new, and perhaps
unconventional, approaches were needed to solve
many of its long-standing problems prompted the
the State of California to undertake a program
that has attracted nationwide interest. In d.ecid-
ing to initiate the program, California embarked
on the largest and first organized attempt to solicit
help from the aerospace industry in stud.ying com-
plex domestic problems seemingly far removed
from the technological difficulties of developing
and manufacturing military and space systems.

Whether this attempt will set a pattern for seek-
ing solutions in similar areas of public need is a
question that interests not only California and the
aerospace industry, but other governmental juris-
dictions as well. But, regardless of the success
California may achieve as a result of its innovative
approach to its problems, the answer is not at all
straightforward. In a number of respects, at least,
the almost unique situation in California favored
the adoption of fresh and out-of-the-ordinary
measures. The principal factors accounting for
this situation were the important position the aero-
space industry holds in the economy of California ;
the personal dependency of a large part of the
State's population on the health of the aerospace
industry ; a reluctance to let the well-paid, well-
educated industry personnel move from the State;
the financial capacity of the State that permitted it
to move ahead on the program without legislative
delays; and,_possibly, a degree of professionalism
within the State government that recognized the
need for ne-vel approaches in such areas as waste
management, transportation, criminal and delin-
quency control, and statewide information han-
dling. Probably in no other State in the Union
will all of these factors be found to the same degree.

Importance of the Aerospace Industry in Cali-
fornia

Of the factors contributing to California's de-
cision to explore new problem-solving techniques,
undoubtedly the most hifiuential was the impor-
tance of the aerospace industry to the well-being
of the State's economy, particularly in view of the
apparent leveling off of Federal spending for de-
fense and space purposes. That a lower defense
and space budget bears a greater significance for
California than other States is evident from sta-
tistics of this sort : In 1962, California received

$5.993 billion in prime contracts of $10,000 or
more, while New York, ranking second in the re-
ceipt of such awards, received only $2.669 bil-
lionless than half the amount California re-
ceived.22

Furthermore, by breaking the contracts down
into the 11 program categories shown in table 4
and ranking the States receiving the contracts
according to their dollar volumes, Roswell Gil-
patric recently demonstrated tho relative magni-
tude as well as the variety of military prime con-
tracts which went to California in 1962.23 Missile
and aircraft prime contracts accounted for ap-
proximately half of the total dollar volume in the
11 categories. Of the dollar volume awarded to
California companies, missile and aircraft con-
tracts constituted about 70 percent. Moreover, 47
percent of NASA's prime contract funds in 1962,
or $441 million, went to California firms.24 Thus,
of all the States, California has by far the largest
stake in the aerospace procurement activities of
the Federal Governmett.

And to those whose livelihoods depend on the
health of the aerospace industry, the stake is a
very real one indeed. For in California in 1962,
the combined wage and salary disbursements to
employees in five defense- and space-related manu-
facturing industries " and to military and civilian

TABLE 4. CALIFORNIA'S RANKING IN PRIME CONTRACT
AWARDS

Program California's rank

Missiles 1

Aircraft 1

Electronics 2
Ships 4

Vehicles 3
Ammunition 1

Weapons 3
Miscellaneous hard goods 1

Soft goods 1

Services 1

Construction programs 1

SOURCE! Based on data from Roswell L. Gilpatric, "Five-Year Trends in
Defense Procurement, 1958-62," Convertibility of Space and Defense Resources
to Civilian Needs: A S'earch for New Employment Potentials (Subcommittee
on Employment and Manpower of Conuniaee on Labor and Public Welfare,
U.S. Senate, 88th Cong., 2d sess., vol. 2, 1964), p. 607.

22 Roswell L. Gilpatric, "Five-Year Trends in Defense Pro-
curement, 1958-62," Convertibility of Space and Defenae Re-
sources to Civilian Needs: A Search for New Employment
Potentials (Subcommittee on Employment and Manpower of Com-
mittee on Labor and Public welfare, U.S. Senate, 88th Cong.,
2d sess., vol. 2, 1964), p. 605.

23 /bid., p. 601.
24 Doing Business in California (Bank of America National

Trust and Savings Association, San Francisco, Feb. 15, 1965).
22 Ordnance and accessories, communications equipment, elec-

tronic components and accessories, aircraft and parts, ship and
boat building and repairing.
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personnel in defense- and space-related Govern-
ment agencies 26 were 684 billion. Since the
total income received by residents of California
from all sources was just over $49 billion, this
amounts to 11,6 percent of the total State wage
and salary disbursements.rf

The economic effects of defense and s- ce spend-
ing on the economy of California is iurther re-
flected in employment figures of its defense and
space industries. In March 1965, for example,
employment in the aircraft, ordnance, electronics,
and instrument firms was reported at 473,000 (a
continuation of the declining trendfrom a high
of 510,200 in 1963evident in table 5). The 1965
figure corresponds to 35 percent of all manufac-
turing employees and 8 percent of the total non-
agricultural wage and salary workers in Califor-
nia. Adding to this figure the number of persons
directly employed in Government installations,
private shipyards engaged in Governt nt work,
and in research and develGpment firms under serv-
ice classification, gives a total employment figure
of 650,000 for defense and space activities in
.California. Furthermore, some have estimated
that two jobs are created in the consumer indus-
tries to meet the requirements of each defense and
'space worker for goods and services.28 If these
'figures are approximately correct, then 28 percent
'of the total civilian employment in California is
'employed either directly or indirectly in the Nar
tion's defense and space efforts23a figure that
'compares favorably to a recent estimate by one
.of California's banks that "from one-third to one-
half of total personal income generated in South-
eni California stems from defense and space-re-
lated activities."

Governor Brown's statement in his second an-
nual economic report pointing out that "the giant
defense-aerospace sector of our economy, which
had advanced spectacularly and steadily for a
decade and a half, leveled off and declined some-
what . . 31 reflected a concern that had been
mounting in the face of reductions in aerospace

28 DOD, NASA, AEC, Selective Service Commission, and Office
of Emergency Planning.

" tr. S . Arms Control and Disarmament Agency, "The Impact
of Defense on the National Economy," Convertibility of Space
and Defense Resources to Civilian Needs, op. cit., p. 594.

= Southern California Associates, Committee for Economic
Development, "Defense in the Southern California Economy,"
Cop vertibility of Space and Defense Resources to Civilian Needs,
op. cit., p. 781. This factor of 2 includes, in addition to personal
goods and services for defense and space employees, supplies pur-
chased by the aerospace industry.

29 Other data sources indicate that 89 percent of the total Cali-
fornia employment is either directly or indirectly employed in
defense and space activities. It should also be noted that this is
a very crude calculation. On one hand, all of the 473,000 em-
ployed in the defense and space industries are not working on
defense/space projects. But, on the other hand, the defense and
space industries subcontract to other firms, not included in our
"defense/space" classification. Knowledge of subcontractor tier-
ing, however, is very tentative and quite scanty, although more
sophisticated attempts to gain such data have been made. The
results of these attempts, 4owever, are consistent with the esti-
mates used above.

so Southern California Report, A. Study of Growth and Economic
Stature (Security First National Bank, Los Angeles. 1965), p. 61.

81 Edmund G. Brown, Governor of California, "Economic Re-
port of the Governor," 1965, p. II.

TABLE 5. CALIFORNIA'S AEROSPACE EMPLOYMENT

Year Number of aerospace
industry employee.

1950
1951
1952
1953
1954.

131,400
201,700
274,500
811, 500
322, 400

1955 347,700
1958 403, 800

1957
448, 400

1958
417,800

1959 462,800

1900
400, 800

1981_
489,400

1962 509,400
1963 510,200

1964. 483,900

Sonnet: Edmund G. Brown, Governor of California, "Economic Report
of the Governor, 1965" (1965). P.65.

employment. These reductions (shown in table 6)
were caused partially, perhaps, by automation,
technological change, and alterations in DOD con-
tractual policies, but more directly by two roughly
simultaneous occurrences: (1) A reduced Federal
defense budget; and (2) a smaller share of the
prime defense contracts to California firms. Cali-
fornia's percentage fell from 23.2 percent in the
first three quarters of fiscal 1963 to 21.4 percent
in the corresponding period in fiscal 1964 (dun
the third quarter of fiscal 1964, the percentage ha
fallen to 18.7).32

The outlook at the time for the California de-
fense and space industries in fiscal 1965 did not
appear any brighter. As the First National Bank
of Los Angeles put it,

In the defense sector the problem is heightened [in
1965] by the fact that the categories within the
budget of greatest importance to Southern Cain:-
niaprocurement, and research and developmm
are among the very areas scheduled to receive a lcityza
portion of the budget total. Further, there is a strong
probability that increasing competition from other sec-
tions of the countryparticularly Texas and the Deep
Southwill result in the entire State's obtaining a

TABLE 6. CHANGES IN CALIFORNIA'S AEROSPACE EM-
PLOYMENT

Employment Percent
Industry Peak drop by change

period Dec. 1964
from peak

1963-64

Total aerospace Dec. 1962 53, 900 5.2
Electronics Dec. 1962 32, 100 7. 7
Aircraft 1957 122, 600 4.2
Ordnance (missiles) Tan. 1964 13 900 2.5
Instruments Nov. 1963 i 100 1 1.4

I There is some doubt as to the correctness of these numbers, since the
sourea says the 1.4 percent change from 1963 to 1964 corresponds to a drop
in employment of 400, yet indicates in a table (p. 66) that the drop in em-
ployment from the period of peak employment to December 1961 was only
100.

Sour= Edmund G. Brown, Governor of California, "Economic Report
of the Governor, 1965" (1965), PP. 8, 9. 06.

al Southern California Report, op. cit., p. 60.
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smaller share of defense-space contracts than it has
in the Past"

Conclusions of this sort, together with a recogni-
tion that new approaches were needed to combat
many of its long-standing problems, reinforced the
State's decision to turn to the aerospace industry
for assistance in studying ways to solve not only
its own, but also the potential problems of a sig-
nificant sector of its economy.

Background of the California Experiment 84

As with most Government programs of impor-
tance, the evolution of the California study pro-
gram was a complicated and sometimes obscure
process involving interactions with other studies
and with other ongoing and proposed programs.
The actual decision to promd with the program
was based on numerous formal discussion, informal
contacts between members of the aerospace indus-
try and the State government, and activities of
a number of individuals, corporations, and other
interested groups at the national, State, and local
levels. The cross relationships responsible for the
State's actions were so many and so intertwined
with those of other programs and interests that
to trace all the factors leading to the undertaking
of the study program would 13e impractical, if not
impossible. Still, a number of actions can be fol-
lowed and certain individuals identified as having
contributed either to the creation of an environ-
ment which eased the conception and initiation of
the _program ort Inc re directly, to the formulation
of the program itself. But, in an attempt to do so,
there is an inherent problem which Harvey Brooks
has described when suggesting how a number of
themes from the physical and biological sciences
have found their way into our general culture.
Brooks pointed out,

Even in a subject like history, a sort of analog of
the uncertainty principle is found. It lies basically
in the fact that the historian knows what happened
afterwards and therefore can never really describe
the "initial conditions" of his system in a way which
is independent of his own perspective. In seeking to
discern the underlying causes of events, he inevitably
tends to stress those factors which demonstrably in-
fluenced events in the way they actually came out,
minimizing factors or tendencies which did not de-
velop even though the relative strengths of the two
tendencies may have been very evenly balanced at
that time.s5

p. 60. Data supplied by the DOD Comptroller's Office
indicate tbat while the dollar value of California's prime DOD
contracts declined from $3.7 billion in the first three quarters of
fiscal 1964 to $3.6 billion in the similar period of fiscal 1965, the
percent of the prime contracts procured by California firms
rose to 23.2 percent. Thus, though the value of prime DOD con-
tracts apparently continued downward, the trend is perhaps not
as bad as some reports have feared.

$4 This section is largely based on conversations held with
Arthur Barber, Governor Edmund G. Brown, Jack Halpin, Daniel
M. Luevano, William P. Lipman, Allan H. Muir, Julian M. Smith,
Carl P. Stover, and Murray L. Weidenbaum.

u Harvey Brooks, "Scientific Concepts and Cultural Change,"
Daedalus, winter 1965, p. 75.
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Various groups have been concerned for a num-
ber of years over the economic effecth of arms con-
trol or .clisarmament on the defense-related indus-
tries. In view of the importance of defense spend-
ing in California, it is not surprising that a great
deal of this concern was centered on the aerospace
industries in that State. The =cern was height-
ened with the signing of the limited test ban treaty
in August 1963, and its ratification by. the U.S.
Senate in September 1963. President Kennedy's
cautiously worded statement, in the same year, that
security expenditures would start leveling off and
perhaps even decline in the years ahead," and De-
fense Secretary McNamara's similar remarks,"
g.ave rise to further questions about the outlook for
the aerospace market. Partly in response to this
public concern, Senator Joseph. S. Clark's Subcom-
mittee on Employment and Manpower (under the
Committee on Labor and Public Welfare) began
hearings in 1963 on the Nation's manpower and
employment problems. As an outgrowth of these
hearings, the Subcommittee published a document
entitled. Comertibility of Space aind Defense Re-
sources to Civilian Needs: A Search for New Em-
ployment Potentials. This important reference
source did nothing to allay the fears of those who
had been studying the problems of adjustments to
defense cutbacks.

During the same period,_Senators Hart and Mc-
Govern and then Senator Humphrey were putting
forward similar bills, directed toward the implica-
tions of the changing patterns of defense procure-
ment. Then in December 1963, President ,Johnson
gave formal status to an interagency committee
that had been informally started durmg the sum-
mer of 1963 ". . . to survey the present state of
knowledge of the impact of defense spending, and
to encourage the additional analytic studies and
data collection that were needed." This com-
mittee was established as the Committee on the
Economic Impact of Defense and Disarmament
with Gardner Ackley as its chairman. It had be-
come apparent by this time that the Federal Gov-
ernment, while reluctant to appear unduly
alarmed, was taking an increasingly serious view
of the economic import of arms control and
disarmament.

The progress of the activities on the national
level were being closely followed by representa-
tives of the State government in Sacramento.
Moreover, individuals hi a number of California's
defense and space companies (essentially those in
the aerospace industry, since it constitutes the ma-
jor portion of the defense-space industry in Cali-

u Joseph S. Clark, "The Impact of the Defense and Space Pro-
grams upon National Employment and Economic Growth,"
Convertibility of Space and Defense Resources to Civilian Needs,
op. cit., p. VII.

" Robert S. McNamara, speech delivered to the Economic Club
of New York (Nov. 18, 1963).

" Gardner Ackley, statement before Senate Committee on
Commerce, hearings on S. 2274, proposed "National Economic
Conversion Act" (June 22. 1964).
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fornia) and in several nonprofit corporations were
trying to determine the effects that changes in de-
fense and space expenditures would have on the
aerospace industry and what the chances were that
it could successfully diversify into new market
areas. The efforts of these persons were assuming
a new significance about this time, for studies by
the State Office of Planning were beginning to
show some discouraging conclusions.

The State Office of Planning was established in
1962 within the Department of Finance to carry
out a State development plan program. One of the
first objectives of this program had been to develop
an econometric model, partly to examine more
quantitatively how Federal spending influenced
the California economy. By 1961, results of the
model were apparently disclosing a startling de-
pendency on military and space contracts. Reac-
tions to these results, particularly, within the De-
partment of Finance, led to a period of searching
inquiry into possible ways to moderate the unfa-
vorable effects of a downard trend in defense
spending. This inquiry was responsible for in-
creased discussions between State and industry
activists.

During this period, a number of individuals
from aerospace companies and nonprofit corpora-
tions began to meet periodically in informal groups
to discuss the changing defense budget. In June
1963, one of the groups in northern California,
meeting under Carl Stover's 39 chairmanship,
established itself formally as the Seminar on In-
dustry Planning to Meet Shifts in Government
Demand, and expanded to include other repre-
sentatives, not only from local aerospace and non-
profit research corporations, but also from other
industries, State and regional governments, local
banks, labor organizations, and universities.
After several meetings, the seminar recommended
to Governor Brown that he appoint a high-level
industrial commission to serve him in an advisory,
capacity on policy matters relatinp; to possible ac-
tions the State might take to alleviate any adverse
economic effects of changes in the Federal budget.
In December 1963, Governor Brown called to-
gether a group to discuss the proposal, and shortly
thereafter, in January 1964, he formally estab-
lished a Governor's A.dvisory Panel on Aerospace
and Electronics Industries.

In parallel with these activities, a second semi-
nar was formed, this one meeting in southern Cal-
ifornia under Julian Smith of the Douglas Air-
craft Co. Called the Southern California Indus-
try Planning Seminar, the group also included
representatives of local aerospace and electronic
industries, nonprofit research corporations, State
and regional governments, local banks, labor or-

n With the Stanford Research Institute at that time and now
executive director of the National Institute of Public Affairs.

ganizations, and universities. Its stated goals
were:

to seek a better understanding of the problems aaso-
ciated with reductions in military contracting in .nis
[Southern California] area ; to attract speakers from
agencies concerned with arms control, economic de-
velopment and industrial conversion ; to investigate
applicable legislation and policies ; to rev'ew the ef-
fects of international treaties; and to 'ne those
weapon system characteristics which 1 toward
military stability.°

William Lipman of the State Office of Planning
was a representative to both seminars. At this
time, Lipman reported directly to Daniel Luevano,
then chief deputy director of the Finance Depart-
ment in California; and to a large extent, through
Lipman's contacts with personnel in the aerospace
ind.ustry, both he and Luevano acquired a greater
sense of urgency about the problems that could
arise from cutbacks or shifts in defense spending.
In the spring of 1964, Luevano left office. Before
leaving, however, he conveyed to Jack Halpin, his
successor, his thoughts about the adverse effects of
a declining Federal defense budget on the State's
economy and the necessity for broad integrated
planning to circumvent them.

In April, Halpin became aware of the high un-
employment level in areas heavily dependent upon
the aerospace industry. And, about this time, the
econometric model in use by the State Office of
Planning revealed in more detail what the future
effects would be on California's employment pic-
ture should President Kennedy's earlier prediction
prove correct. The results were somewhat gloomy.
Perturbed by these indicators, the State decided
to impose closer checks on future defense expendi-
tures in the State. Hoping to gain a clearer pic-
ture of DOD's planned, expenilitures, Governor
Brown contacted Secretary McNamara and re-
caived an impression that confirmed his earlier
fears that defense spending in the State would at
least level off and possibly decline slightly. Know-
ing that. the exprnding aerospace industry had
proTided employment for a significant part of the
large population increase in California over the
last decade and a half, he found the possibility
of a contracting aerospace industry especially
disquieting.

In light of this discouraging picture, attempts
were made to determine what the Federal Govern-
ment would do to assist the State in the event of
major cutbacks in California's defense contracts.
The information obtained gave little apparent en-
couragement, seeming to suggest either that the
Federal Government would do little to assist the
State or else that it was reluctant to say what it

40 Julian M. Smith, "The Defense Dollar Dilemma: Current
Trends in Aerospace Planning" (presented at 10th Annual and
1st International Meeting, Western Section, Operations Research
Society of America, Honolulu, Hawaii, Sept. 17, 1964).
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would do. To compound further what seemed
by this time to be a bleak outlook indeed, an Air
Force official came to the State in June and dis-
closed the results of a survey relating to Cali-
fornia's future aerospace employment. Based on
the survey, the predicted level of employment was
even lower than the State had predicted; and
when the Air Force estimate was used in the
State's econometric model, the results showed the
possibility of an unemployment figure as high as
10 percent.

Meanwhile, other events were occurring which
-were to have an eventual influence on the Cali-
fornia experiment. The Committee on the Eco-
nomic Impact of Defense and Disarmament, men-
tioned earlier, had formed three subcommittees.
One was headed by Arthur Barber, Deputy As-
sistant Secretary of Defense/Arms Control, and
was to be "concerned with the prospects and possi-
bilities of industrial conversion . . . with special
attention given to the highly developed research
and development resources." 41 To assist in this
task, Barber, in April 1964, organized a group of
industrial consultants, mostly Californians, sev-
eral of whom were active in one or both of the
California seminars, to work with several Federal
departments and agencies to identify new tech-
nical areas that might serve as offsets to cuts in
defense spending. They were to create a list of
several hundred projects in the national interest
that might require the types of R. & D. resources
and skills possessed by th.e aerospace industry.

Halpin, during this period, had been carrying
on conversations with Carl Stover, William Lip-
man, and Daniel Luevano regarding the aerospace
industry. Partially as a result of these associa-
tions, Halpin's contact with industry personnel
began to increase. After the work with the Bar-
ber subcommittee was completed in the slimmer of
1964, two of the industry participants suggested
to Halpin that the State of California use the ad-
vanced systems-oriented technology of the aero-
space companies by having them undertake a pro-
gram to help solve some of the State's domestic
problems. Halpinaware that the fiscal _year
1966 Federal budget might provide for the State
to supplement specific programs with Federal
fundsdiscussed with Lipman and others, the
notion that California could conceivably finance
the initial phases of such a program, hoping to
obtain Federal assistance in later stages.

Satisfied that the ideas had some merit, a small
ad hoc group from industry and the State began
in July to meet under the auspices of the De-
partment of Finance to discuss specific steps.
Approximately 30 problem areas in which the
aerospace industry might make significant contri-
butions were delineated, and Halpin narrowed
these down to 8 possibilities.

41 Ackley, op. cit.
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At this point, Hale Champion, Director of
the Department of Finance, asked his budget
officers to determine whether $100,000 could be
made available for each of the eight problem areas.
(As alluded to earlier, California's State budget,
the largest in. the Nation, was important in giv-
ing California the freedom to experiment with in-
novative ideas.)

Agreement was reached that the Department of
Finance could reallocate funds to six of the ei ht
problem areas if a policy decision was made that
this was desirable. Halpin then prepared a paper
suggesting the outline of the proposed study pro-
gram, and he and Champion discussed the pro-
p_osal with. Governor Brown. The possibility that
the State could utilize the systems-oriented aero-
space industry to assist in solving domestic prob-
lems was not new to the Governor. On June 17,
1964, for example, in a speech drafted in close co-
operation with his Advisory Panel on Aerospace
and Electronics Industries, he had remarked :
"The State, too, must help to redirect the great
scientific and engineering capacity, now heavily
absorbed in defense, into the new markets created
by immet public needs." Governor Brown had
said, in describing these unmet public needs,
. . . along the way, you well may discover a

potential for redesigning the total transportation
systems of this State." Among major needs was
the "elimination of environmental pollution, in-
cluding pollution of air and -water." 42 Halpin's
proposal therefore met with immediate acceptance,
and the Governor authorized them to proceed.

With the assistance of the industry members of
the ad hoc group, Halpin. developed requests for
proposal (RFP's) in the six prOblem areas. (As
it turned out, the Division of Highways wrote the
final version of one.) Concern over the possible
political reaction to the wording of the RFP in
one area (welfare) resulted in its deletion from the
study program. Difficulties in actually obtaining
funds for the study project in a second area (edu-
cation), resulted in another RFP being dropped.
Finally studies were limited to four areas: Waste
management, transportation, handling of criminal
and mentally ill populations, and information
gathering, processing, storage, and retrieval.°

In September, October, and early November,
with Governor Brown often in attendance, the pro-
gram was discussed before the Governor's .Ad-
visory Panel on Aerospace and Electronics In-
dustries (where it received the group's concur-
rence), at various seminars, and in meetings with
industrial and other groups. Reactions were
mixed, making it difficult at times to tell whether

42Edmund G. Brown, address given at San Francisco Inter-
national Airport, Board of Directors' room (June 17, 1964).

43 Contracts were subsequently awarded to Aerojet-General
Corp. (waste management), North American Aviation, Inc.
(transportation), Space-General Corp. (handling of criminal and
delinquent populations), and Lockheed Missiles and Space Co.

(information gathering, processing, storage, and retrieval).
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the majority was for or against the program.
Nevertheless, the Governor and his aiiies, believ-
ing that the positive aspects outweighed the nega-
tive, decided to proceed. Thus, on November 14,
Governor Brown made public the State's plan :

Within the next few days, Imeeifleally, I plan to
call for bids from California's aerospace industry to
work out programs in four areas :

First, transportation. We will ask the system en-
gineers to study ways to provide a complete trans-
portation network within the State, efficiently coupled
into land, sea, and air transportation from out of
State. We will ask them to identify the major pat-
terns of movement of people, merchandise, materials,
and food within the State. We will ask them to de-
scribe the transportation system which the State will
need 30 to 50 years from now to provide efficient
movement.

And, finally, we will ask them to tell us how much
such a transportation system will cost ; who should
pay for it ; who should run it.

Second, we will ask the system engineers to design
new ways to cope with California's criminally and
mentally ill.

This is a problem with which it is becoming in-
creasingly difficult for California to cope. Our popu-
lation is growing and so is the population of mentally
ill. There are flaws in any system that involves in-
stitutional control and we will ask the aerospace
teams to suggest ways in which they might be cor-
rected. Perhaps an entirely new social structure
within a hospital is desirable. We would like to
know whether the cost of care can be cut and the
efficiency of treatment be improved.

The third problem we will pose to the system engi-
neers is that of accurate collection of information on
which government and industry can base decisns
for years and even decades ahead.

We will ask the aerospace engineers to design sys-
tems that will improve our data on diseases and edu-
cational requirements. We will ask them to provide
information on special . needs of some of our popula-
tion we might now be overlooking.

Finally, waste management. There is a system at
present for managing the wastes discharged into the
air, soil, and water of California as a result of con-
sumption by men and machines of materials which
are necessary to support life or to produce goods.
But it is not a system which has been developed by
deliberate design to meet the State's needs."

Statecraft by Contract

Recognizing the limitations of its inhouse capa-
bilities for monitoring and evaluating these stud-
ies, the State contracted with the Systems Develop-

Edmund G. Brown, address given at UCLA Extension
Symposium Luncheon, Los Angeles (Nov. 14, 1964).

ment Corp. (SDC), a not-for-profit organization
originally established to assist the Air Defense
Command of the Air Force, for technical advisory
services. Thus California adopted a course of ac-
tion which has become fairly commonplace at the
Federal level, particularly within the military de-
partments, since the stoat iff. World War ; i.e.,
contracting with a private group for studies lead-
ing to policy recommendations in a major prob-
lein area in which solutions normally require re-
search and development. In his book on the rela-
tionship between government and science, Don K.
Price points out in a chapter on "Federalism by
Contract that "from time to time the military
services have identified a major problem that re-
quires a new approach, based on a combination of
scientific and strategic or tactical thinking" and
finding it easier at the beginning of World War
II and less disturbing to all the career relation-
ships involvedthey obtained assistance from
companies and institutions already established:"
Price goes on to point out that "only in the -United
States have such broad studies of crucial impor-
tance to national strategy been farmed out to pri-
vate institutions," and notes, along with several
other authors, that this process has continued with-
in the Federal Government since the war.46

California has identified four major problem
areas which in its view require new approaches
based on what it understands to be scientific and
systems thinking. And rather than taking the
long and, perhaps, impractical route of waiting
until an inhouse capability could be developed, the
State has contracted where they believe the talent
resideswith private profit and not-for-profit cor-
porations.

An innovative program of this sort would have
been unlikely without a prior history of construe-
tive plaiming that paved the way for its public
acceptance. And, apparently, both the executive
and legislative branches in California have placed
unusual emphasis on such activities. On the
executive side, as described earlier, these activities
were exemplified in 1962 by the creation of the
State Office of Planning which was

designed: (1) to reveal the present pattern of re-
sponsibility for development in California, (2) to
describe the State's economic, social, and environ-
mental conditions by regions, and (3) to forecast the
population and economic bases of the State for future
years, insofar as possible."

45Don K. Price, Government and Science, Their Dynamic Re.
ninon in American Democracy (New York : New York University
Press, 1954), p. 65.

"Frederic N. Cleveland in his book Science and State Govern.
tnent, a study of the scientific activities of State government
agencies in six States (Chapel Hill : University of North Carolina
Press. 1959), has noted "Recalling Price's concept of the policy
role that science and scientific research play at the national level,
it is evident that these six State governments have tended to
underemphasize this policy supporting dimension."

41 California State Development Plan Program Progress Report
and Summary Interpretation of Phase I Studies (State Office of
Planning, California Department of Finance, Feb. 1965), pp. 9, 10.
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And on the legislative side the 1963 general ses-
sion enacted legislation calling for an annual eco-
nomic report by the Governor. Growing out of
an investigation by a special subcommittee of the
Assembly s Committee on Ways and Means, this
act provided the enabling legislation for more
coordinated policies and plans relating to employ-
ment, specifically, and to the economy of Cali-
fornia, m general."

The work carried out in 1964 by a steering com-
mittee established to conduct a managem, -at study
of automatic data processing in State government
further illustrates the evolving attitude. This
study, essentially the inhouseefforts of three sepa-
rate task forces com

iposed
of members from vari-

ous State agencies, s illustrative of the parallel,
although mostly uncoordinated, activities under-
way during this periodactivities that contrib-
uted to a climate m which new approaches to the
problems of State government were more and more
being viewed with favor."

In some respects, the State government's at-
tempt to devel op proposals for and an overall
statement of policy on utilization of automatic
data processing equipment were roughly analogous
to those routinely taken by the DOD when estab-
lishing overall defense policies and objectives.
The outstanding difference, howeverand the one
that may be the harbinger of statecraft by con-
tractis the wealth of experience and capabilities
that the DOD has found necessary to develop
since the start of World War II compared to those
to be found in most State governments today.
Military departments, particularly since World
War 11, have brought togetherboth within the
military organizations and through the formation
of independent, not-for-profit organizationsspe-
cialized teams that carry on continuing programs
of technological studies, threat evaluation studies,
force structure analyses, and other similar efforts
to furnish decisionmakers with needed data. To
expect a State to duplicate within the near future,
even on the small scale required, inhouse capabili-
ties either to perform or to manage on a continu-
ing basis such an expanded program of studies
and analyses may be overly optimistic, if not
wholly unrealistic. Nevertheless California, in
drawing on the experience and knowledge of the
aerospace industry and on not-for-profit groups
such as SDC, conceivably could establish fairly
quickly the contractual arrangements needed to
offset the current shortage within the State gov-
ernment.

While such a combined State-industry relation-
ship can increase the State's capabilities, possible

a Letter (William F. Lipman, formerly with California State
Office of Planning, to Ronald P. Black, Analytic Services Inc.,
August 17, 1965) ; and Edmund G. Brown, "Economic Report of
the Governor" (Mar. 2. 1964), p. 87.

a In its proposal request for a study of a statewide information
system, the Department of Finance directed contractors to use
results of the management study as necessary.
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difficulties with the process have worried some
State officials. Some are concerned about possible
conflicts of interest and that through its depend-
ency on nongovernmental organizations the State
might abdicate its decisionmakmg responsibilities
(a, concern that has often been voiced at, the Fed-
eral level in relation to the not-for-profit corpora-
tions under contract to themilitary departments).
One California official connected with the Califor-
nia program commented, "We haven't got any ex-
perience along those lines. . . . Let's face it
we might be completely snowed." He went on to
note that SDC "could snow us too, but we've
worked with them, before on some data-processing
problems, and we trust

With the experience of the Federal Government
as a guide, difficulties with such contractual ar-
rangements can undoubtedly be overcome. The
development of improved capabilities within gov-
ernment to evaluate the efforts of its contractors
and the encouragement of vigorous competition
among contractors are representative steps that
would help alleviate future problems. On the
assumption that California and other States 51 will
expand their use of this type of contractual ar-
rangement, studies to clarify potential difficulties
with the process and to help establish useful guide-
lines for State-industry relationships should prob-
ably be undertaken now.

The Four California Studies

Whether the systems approach and the scientific
and engineering skills of the aerospace companies
can be transferred effectively to civilian public
projects is a question of direct concern not only
to those responsible for satisfying public needs,
but also to those interested in maintaming a pros-
perous and viable aerospace industry. To the
extent that they resemble the normal activities of
the aerospace industry and call for the application
of similar technological capabilities, California's
four study contracts are a first attempt to answer
this question.

To evaluate the transferability of aerospace
scientists and engineers was only one of several
objectives of the studies. Some of the broader
objectives have already been mentionedallevia-
tion of anticipated employment problems resulting
from further defense cutbacks, stimulation of the
aerospace industry to move into new areas, and
prevention of an exodus of highly skilled aero-
space employees from the State. Further, there

a Elinor Langer, "Defense : California Planners Try Novel
Approach to Problems of Economic Reconversion," Science (Apr.
23. 1965). v. 482.

51A number of other States haVe expressed interest in this ty

Mi

pe

of contractual arrangement, Including Pennsylvania, Massachu-
setts, Connecticut, Wisconsin. and Michigan. See tchell Gor-
don, "Down to Earth," The Wall Street Journal (June 9, 1965) ;
and Harold Walt, deputy director, Department of Finance, State
of California, government-sponsored briefing (Los Angeles, June
7, 1965).
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was the fundamental hope that the systems ap-
proach as practiced. by the aerospace industy
could be utilized effectively in helping solve some

important domestic problems. Then, too, the
-prospect of losing a good part of its industrial tax
base, should a serious decline occur, added an in-
centive for seeking new ways to employ the aero-
space industry. While these are fairly straight-
forward goals, the specific objectives that the State
had hoped to achieve in each of the four studies
cannot be discerned with equal clarity. For while
the expected results of individual studies are
spoken of by some in glowing terms, at least one
State official has complained that "too many peo-
ple think these studies will come up with substan-
tive innovations." 52

Parenthetically, it is interesting to note the con-
trast between the three REP's which were pre-
pared under the auspices of the Department of
Finance and the final version of the fourth which

at its insistence was written by the Division of
Highways. In all RFP's, except the one in the
transportation area, the design of a "system to be
activated in the near future" was called for in
one section, while other sections seemed to suggest

a contradictory and less stringent requirement.53
In. later statements, as one would expect, the spe-
cific goal in each of the areas seemed to be less than

the development of a system to be put into early
operation. Even then, however, with the excep-
tion of the transportation study, the actual objec-
tives were never made completely clear and did
little to amplify Governor 13rown's original re-
marks.54 What this may reflect is the experience
possessed by the Division of Highways in request-
ing proposals from contractors in the past. It is
interestmg to speculate that due to their experi-

ence with the contractual process and with the
techniques of planning and overseeing the develop-

ment of large-scale systems, highway departments
in most States may be more experienced with the
systems approach and better prepared to contract
and oversee the development and implementation
of such systems than any other State agency.

Despite some uncertamty about the specific ob-
jectives of the studies and the likelihood that they
might lead to significant market opportunities, a
great deal of interest in the program was shown by

the companies competing for the studies. One of

the losing companies, for example, was reported
to have spent approximately $150,000 on the prep-
aration of its proposal alone, while each of the
winning companies indicated its intention to spend

sa Andrew Strain, comment in The Wall Street Journal (July
26, 1965).

a State of California, Request for ProposalInformation Sys-
tem (Nov. 18, 1964) ; State of California, Request for Proosa--
Criminal and Mentally Iii Populations (Nov. 18, 1964) ; State of
California, Request for ProposalA Waste Management System
(Nov. 18, 1964) ; and State of California, Request for Proposal
to Design and Develop Specifications for Integrated Study of
Transportation in California (Nov. 17, 1964).

14 Brown, address at UCLA Extension Symposium, op. cit.

more than the $100,000 that the State had availa-
ble for each contract.55

Proposals submitted by Aerojet-General, Lock-
heed Missiles and Space Co., and North American
Aviation outlined task descriptions that corres-
ponded closely to the RFP's in the three areas. As
an example, the State in its RFP for the waste
management study delineated a number of ele-
ments that should lae included :

1. A long-term construction plan.

2. A long-term equipment plan.

3. A long-term personnelplan.

4. The other pertinent elements of a total system.

5. A schedule for needed research and development.

6. Interfaces with other problem areas, e.g., the antic-
ipated demand for potable water.

7. Estimation of the dollar resources needed to de-
velop the waste management system considering
alternative methods of financing the overall system
to include participation by Federal, State, and local
governments and private users of the system.

8. Implications of the optimal system upon relevant
laws and regulatory procedures."

Comparing these with the 12 tasks that Aerojet-
General proposed to accomplish (see app. C) re-
veals a high degree of responsiveness to the study
requirements. Without the final study report,
however, how closely Aerojet-General followed its
original proposal cannot be established.57

In contrast, the Space-General Corp. and its
subcontractor, Serendipity Associates (a small be-
havorial-sciences, human-factors research group)
concluded that the original RFP on criminal and
mentally ill populations was too broad, encom-
passing an area too large to study in the period of
the contract. Consequently, they limited their pro-
posal to the prevention and control of crime and
delinquency. Moreover, the study was further
modified after it had been underway for sometime.
Nevertheless, the following results (described as
first-order approximations requiring further
study) were obtained and, by Space-General's re-
port at least, were considered new and unusual :

1. New statistical description of crime and. criminals
leading to more meaningful definitions of the prob-
lems.

55Spending in excess of contractual funds is not unusual in
industry studies for DOD and NASA. Daniel J. Baughton, presi-
dent of Lockheed Aircraft Corp., in an address before the 1965
annual meeting of the AIAA, noted that the $6 million in Gov-
ernment funds his firm had received (as had Boeing and Douglas)
for contract definition studies on the C-5A military transport
program had been more than matched with company funds.

56 State of California, Request for ProposalA. Waste Manage-
ment Syste" op. cit.

51 At the time of writing, California had not released the final
study reports.
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2. New concepts of system cost descriptions for crimi.
nals, and delinquents. Individuals committing of-
fenses assessed by a total system "career cost,"
accrued over the lifetime of the individual. Nu-
merical values achieved for numerous crime
categories.

3. Achievement of system cost/effectiveness results by
computer analysis of parametric variations.

4. Modeling of certain types of behavior patterns
showing startling results in the areas of prison
behavior trends and subsystem parameter inter-
relations.

5. Complete description relating various functions,
showing clearly the requirements for information
and feedback which are not presently being met.53

The apparent indecision at the outset on the
scope of the study, as well as Space-General's use
of a subcontractor (the only study contractor to do
so, although others used individ.ual consultants)
may reflect the exceptionally wide gap between the
design of space systems and the sievelopment of
ways to control crime and delinquenc3r. Still, as
pointed out earlier, this blending of subcontractor
efforts into an overall product is characteristic of
the aerospace industry. To assume, then, that the
lack of inhouse capability may have been detri-
mental to Space-General's efforts would be un-
warranted. What can be assumed, however, is
that the ratio of social to physical scientists in the
aerospace industry would probably increase should
the companies become more actively engaged in
civilian public projects."

58 Letter (Norman Solat, member, project team, System for the
Prevention and Control of Crime and Delinquency, Space-General
Corp., to Ronald P. Black, Analytic Services Inc., July 30, 1965).

59.A similar conclusion was reached by the Committee on the
Economic Impact of Defense and Disarmament. See Report of
the Committee on the Economic Impact of Defense and Disarma-
ment (Washington : U.S. Government Printing Office, July 1965),
p. 30.
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Another aspect of the California studies deserv-
ing consideration is the comparison between the
aerospace contractors' approach and traditional
approaches to similar problems in the past. First,
the State did not nose problems similar to those
given in previous years to other research groups
university research groups, for example. Earlier
studies to eliminate smog, ameliorate traffic prob-
lems, reduce governmental record storage difficul-
ties, and solve other problems related to the four
California studies were initiated and carried out
essential at the city or county level. Had the
research laid study grAups in the prior attempts
been :,; .ven the freedom to i.pproach the problems
on a State or regional basis, as the aerospace in-
dustry was, there is s question whether their
results would differ su-istantially from those ob-
tained in the California studies." Nevertheless,
the techniques used were characteristic of the aero-
space industry and represent an important experi-
ment in trying to solve old problems with new
approaches.

69For example, in the March 1965 Bulletin of the A.tomic
Scientists, John T. Middleton (director of the University of Cali-
fornia Air Pollution Research Center) said :

"Acceptance of the principle of resource management for most
beneficial use requires that conservation programs be established
for naturally definable geographic and meteorologic areas in
which the entire population is involved through whatever political
device is required Quality standards, established on a shed or
regional basis, provide the management agency with a unit of
sufficient size to strike an appropriate balance between input and
output. The quality standards adopted must be designed to
control the quantity as well as the concentration of materials
released, since the adverse effects of water and air pollution result
not only from initial concentration but also from the products
formed as the material moves from the output site into nearby
reaction site areas."

This statement sounds remarkably like some of those made by
Aerojet-General on the same subject.



Capabilities of the Aerospace Industry

From a practical point of view, the research
and development capability of the aerospace in-
dustry is an aggregate of the scientific and engi-
neering skills of many individuals plus the ac-
cumulated experience of a number of companies
that have grown up and. subsisted on technological
innovation. What this implies about transfera-
bility of this capability, particularly that part
commonly thought to be the systems approach, is
difficult to assess. For what tbis approach is and
how it is used in the large aerospace companies
usually evoke conflicting replies. Nevertheless
failure to reach a common understanding bas
seemingly done very little to influence those who
believe that the industry's systems capabilities can
be put to effective use on large-scale civilian proj-
ects.

Applications of the Systems Approach

If there is fairly -wide agreement that the sys-
tems approach is the outstanding quality aerospace
companies have to offer in helping solve complex
domestic problems, considerably less agreement is
apparent on what this means in future opportuni-
ties for the aerospace industry in the public-proj-
ects area. In some respects, this absence of com-
plete agreement parallels and possibly stems from
a similar lack of consensus aloout what is meant
by the industry's systems capabilities. A major
aerospace company possesses the experience and
ability to carry out a number of different func-
tions, each of which can be performed with a sys-
tems approach. The direction in which the in-
dustry call and will likely grow in the public-
projects area, then, largely depends on what
capabilities individual aerospace contractors try
to apply in the civilian-projects area and how well
these capabilities compare with competing ways
to perform needcd functions; e.g., by the use of
inhouse government agencies or more traditional
business concerns.

Aerospace firms engage in at least four major
activities that could conceivably be used with a
systems approach in canying out large-scale do-
mestic projects :

1. Research and analysis.
2. Systems engineering and technical direction.
3.. Development and production of large-scale

systems.
4. Operation of large-scale systems.
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Understanding how the systems approach re-
laths to these provides a better appreciation of
what is involved in applying the systems capabili-
ties of the aerospace md.ustry to domestic prob-
lems.

As mentioned earlier, the military departments
have been assisted during the last d.ecade or so by
systematic analysis performed primarily by not-
for-profit research organizations. The Rand
Corp., a pioneer in this field, has evolved an ap-
proach to the solution of defense problems which
it has come to call systems analysisa method of
scientific analysis which "offers a means of dis-
covering how to design or use effectively a tech-
nologically complex structure, the components of
which may have apparently conflictmg objec-
tives." 61 The characteristic that distinguishes
analyses of this sort is the extensive participation
of practitioners from many fields, including social
science, economics, the physical sciences, engineer-

and mathematics.
ystems analysis of large-scale problems in this

sense refers to activities concerned with determin-
ing needs, establishing policy and objectives, esti-
mating future technical possibilities, synthesizing
and analyzing system concepts, and conducting
tradeoff studies ; e.g., cost and effectiveness studies
to determine efficient allocations of available re-
sources. Obviously, while analyses of this sort
treating as they must significant social, economic,
and political factorscan rarely be made wholly
quantitative, they do depend heavily on mathe-
matical techniques and concepts (as well as other
forms of scientific and engineering methodology).
To a large extent, the method is an outgrowth
and extension of operations analysis (or research)
techniques developed during World War II. The
important elements underlymg systems analysis--
as well as all system activitiesare the adoption
of a broad view of the problem: the explicit recog-
nition and treatment of uncertainties, and the ex-
amination of how proposed problem solutions
change as the assumptions upon which the analy-
sis is based are changed.62

While the aerospace companies are less noted
than Rand and others for these types of activities,
they do have substantial capabilities in applying

a The Role of Analysis in Defense Planning, Seminar (The
Rand Corp., Feb. 15-19, 1965).

Systems Development and Management (Part 3) (Subeom-
=dee of Committee on Government Operations, House of Rep-
resentatives 87th Cong., 2d Sess., Aug. 1962), p. 924.
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the systems approach in this wayalthough they
have been less concerned in the past, perhaps, with
determining needs and more concerned with syn-
thesizing and analyzing systems that might satisfy
a stated need. And, to some degree, it is largely
with this aspect of systems analysis that they have
been concerned in the four California studies to
date. While an aerospace firm could possibly
grow in this direction in the imblic-projects area,
by establishing a subsidiary like Rand, for exam-
ple, the possibility seems slight that it would do
so except in support of one or more of the three
remaining functions listed above.63

An aerospace firm might more likely capitalize
on its system engineering and technical direction
capability, for, historically, before the inception
of not-for-profit organizations such as the A.ero-
space Corp., the large airframe contractors per-
formed these functions in their roles as prime
weapon system contractors. These functions, per-
haps, more closely reflect what most have in mind
when they speak about applying the systems capa-
bilities of the aerospace industry to civilian public
projects.

Defined in this context, systems engineering
provides the basis for technical direction and con-
sists of efforts of these sorts :

1. Establishing system design and performance
requirements.

2. Integrating the design and development of all
elements of a system.

3. Overseeing to ensure that detailed design and de-
velopment criteria are met.

4. Formulating and revising program schedules and
monitoring progress during the course of the
program.

5. Preparing system test requirements and evaluating
test data."

Technical direction also inVolves the integrating
(and, to some extent, the controlling) of the re-
search, development, test, production, and instal-
lation and checkout efforts of all subcontractors
on a program. In addition, control is exercised
over the preparation of facilities and criteria for
test, training, and operational installation of the
overall system. At the same time, supporting re-
search and development efforts such as the follow-
ing are often considered necessary activities of an
organization acting as a technical director :

1. Levratory research and development.
2. ,S7fitt.--a integration and testing.
3. tansdgation and correction of system failure&

10111=1

a In some respects, the General Electric Co. anticipated a
move of this sort when it established its TEMPO division, an
activity roughly analogous, in a functional sense, to the Rand
Corp.

*4 System* Development and Management (Part 3), op. cit.,
pp. 1oo-121o.

4. Preparation of work statements and evaluation of
technical proposals."

Therefore, in most respects, technical direction
and systems engineering as used in this context are
closely aligned to programs involving physical
systems and are important components of the of-
ten-noted ability of the aerospace industry to man-
age large-scale, complex programs in which major
technological considerations are present.

When the decision has been made to initiate the
development and production of a large-scale sys-
tem, the number and diverse nature of the activi-
ties tend to obscure the meaning of the systems
approach. As indicated, it can Clearly mean sys-
thms engineering and technical direction, but it
also means something else at different hierarchical
system levels. Hall, in his analysis of the systems
engineering process, points out that system (or
su system) development entails the same basic
steps that are followed in reaching a decision to
undertake development ; i.e., problem definition,
system (or subsystem) synthesis and analysis, de-
cisionmaking, and communication of results."
Thus, good engineering practice dictates the use
of the systems approach,not only .in the overall
design of the system, but in the design of the sub-
systems as well.

To support this view, one has only to c:Kamine
the organizational structure of a typical large-
scale weapon system program cond.ucted by an
aerospace contractor. In almost every case, a sys-
tem function can be identified at the program di-
rector's level, at major subsystem levels, and, oc-
casionally, even at minor subsystem levels. The
function is most apt to be termed systems engi-
neering, rather than systems analysis or research ;
it is also carried out using a systems approach.

While perhaps less obvious, the production proc-
ess is an orderly system and, therefore, lends it-
self to similar analyses. But here the analysis
starts to take the form of operations analysis or
research, as distinguished from systems analysis
or research. Although both use a systems ap-
proach, systems research is concerned with dem.-
zng operational processes (systems) that meet
human needs, and operations research with
anakzing systems either in development or in
operation'?

Industry operation of large-scale, Government-
owned systems has been a fairly common practice
in which t aerospace companies have engaged
periodica", f at the request of the military depart-
ments. l'.;cently, a number of defense contractors
have become interested in similar opportunities
in areas far afield from the defense industry, hop-
ing to apply their systems capabilities more

n
NI Arthur D. Hall, "A Methodology for Systems Engineering"

(Princeton : D. van Nostrand Co., Inc., 1962), pp. 130-132.
el Herman A. Affel, Jr., "System Engineering," International

Science and Teclmology (Nov. 1964), p. 19.
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broadlyto the operation of Job Corps urban
training centers, for example. A number of these
companies notably, the International Telephone &
Telegraph' Corp., General Electric, Litton Indus-
tries, and Ford's Philco subsidiary, are already
operating training centers around the country and
others are taking serious steps to augment their
capabilities to handle such programs."

Beyond these types of operations for the Fed-
eral Government, it is not too difficult to visualize
possibilities at the State, regional, and local levels
for industry operation of large, centralized infor-
mation handling systems, computational facilities,
transportation control systems, and the like. Un-
doubtedly the experience of the aerospace com-
panies in modeling a system to determine its opera-
tional characteristics and subsequently analyzing
its expected performance under various operating
conditions places them in an informed position
for applying their systems capabilities to the actual
operation of the system. Still, to insist that this
activity is a significant part of the aerospace in-
dustry's present systems capability seems ques-
tionable. More probably, it represents a possible
future extension that could utilize a significant
part of the industry's technological capability
perhaps the less-advanced portionin contract
operations for Federal, State, and regional gov-
ernmental jurisdictions.

Which of the four functional activities, then
research and analysis, systems management and
technical direction development and production,
or operationsdidthe State of California have in
mind when it assumed that the systems approach
-would be useful in analyzing proposed solutions
to its problems ? The wording of the RFP's would
indicate that the State was thinking of research
and analysis, particularly having to do with
systems synthesis and analysis. Still, from an
economic standpoint, this function alone would
account for only a small fraction of the total cur-
rent income of the aerospace industry in Cali-
fornia and, thus

,
could not serve as an offset to any

significant cutba ck or intraindustry shift in de-
fense spending. Therefore, it seems likely that
both the State and its aerospace companies are
looking at the other three functional activities as
better possibilities for long-term growth. Thus,
the key issue in assessing the applicability of the
industry's systems capabilities to complex domes-
tic problems remains: What direction will the
eventual pattern of growth follow ? For even
though a common characteristic of the industry
may underlie each function (i.e., the systems ap-
proach that depends on taking the broad view
of the problem, the recognition of uncertainties
surrounding it, and the scientific evaluation of pro-
posed solutions under various assumptions), how

es "Big Business Sees Profits in Poverty," The Washington Post
(Mar. 7, 1965).

well the aerospace companies can bring their
system talents to bear on public projects depends
on. the functions they ultimately undertake in
that area.

Transferring Industry Skills to Civilian
Projects

Several writers have commented on the similari-
ties between the defense and space markets and
what they see as emerging opportunities in the
public-projects area. But few h.ave delved deeply
mto the differences and the concomitant problems
these mayr pose to an aerospace firm attempting to
use its existing scientific and engineering skills in
applications seemingly far afield from their usual
concerns. This tendency to brush aside factors
that might weigh against an optimistic view of
the growth possibilities in this area may be mis-
leading. For despite the demonstrated adaptabil-
ity of the aerospace industry to earlier changes in
Federal procurement patterns, undertaking some
public projects will involve problems significantly
different than those the industry had to face in
1955 when it began the transition from aircraft
manufacturing to missile development.

Possibly, the two most prominent problem
sources are (1) the partial mismatch between the
scientific and engineering disciplines needed in
many public projects and those possessed by aero-
space companies; and (2) the loss, when shifting
into alien fields, of the accumulated caperience

ined from the design, development, and manu-
acture of what amounts in a technological sense

to progressively advanced models of similar end
products. How serious these factors prove to be
and the extent to which they would hamper efforts
to use research and development talents in the
public-projects area depend on the direction of
growth ultimately taken by the industry. But
that they would influence to some degree, at least,
how easily the aerospace industry could make the
shift ought not be ignored.

Although the purpose here is not to assess the
degree of mismatch between the aerospace indus-
try's scientific and engineering skills and those
needed to design and develop large-scale public
systemsto do this without reference to specific
public programs would be difficultthe charac-
teristics of the mismatch may be clarified some-
what by noting that a survey of one aerospace
companyr showed that 22 percent of its 870-man
technical staff consisted of aeronautical engi-
neers." How the company would utilize the
skills and experiences of these persons in the de-
sign and manufacture of a statewide information
handling system, for example, is not immediately
clear. Nor is it readily apparent just how its 174
electrical/electronic engineers would be employed

es Miller, op. cit., p. 38.
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to devise and build new systems for the incarcera-
tion and control of the criminal population of Cali-
fornia. Still, in the early stages, where ideas are
being formulated and evaluated, difficulties in
transferring skills of selected engineers to other
technical problems are seemingly not insuperable,
cl,s evidenced by the apparently satisfactory
completion of the four ind.ustry studies.

Whether other scientists and engineers who have
scent the greater part of their careers building
highly complex, technically advanced aerospace
systems can be transferred with equal facility can
be seriously questioned. An important trait of
much of the industry is its experience resulting
from an evolutionary period of technological
growth when the skills needed to design aerospace
vehicles were gradually developed. Moreover,
many of the engineering skills have been acquired
from working experience rather than from college
training. In a survey of one ,..,ompany, for ex-
ample, about 23 percent of those classified as engi-

V-103

neers and scientists, while having some college
training, had not received degrees, and almost 12
percent had not attended college at all."
Whethe- engineers who have gained their knowl-
edge primarily by on-the-job training in one in-
dustry can transfer their capabilities to other in-
dustries as easily as engineers with academic
backgrounds and degrees is a question tim: has
received little consideration in past discussions of
the industry's ability to shift into the civilian
projects market.

These, then, are the types of questions examinea
in the following section, questions which in the
aggregate are concerned not with whether the
aerospace industry can bring its research and de-
velopment skills to bear on major problems of
public concernfor they already are doing so
but rather with how difficult the transfer is likely
to be.

70 Shapero and Vollmer, op. cit., p. 261.



Scientists and Engineers in Large-Scale System Programs

Past studies of the transferability of scientific
and engineering manpower in the aerospace indus-
try have generally failed to distinguish among the
many activities the industry's technical personnel
engapA ;- ; i.e., no distinction has been made be-
twee Tansferability, say% of an engineer whose

&raining and experience has been in sys-
tems analysis and one whose background has been
in production enginaering.71 The approach to the
analysis described this section rested on the
hypothesis that the transferability of skills should
be examined at each stage throughout the life cycle
of a large-scale systems program. This provicles
a clearer and more accurate representation of the
industry's research and development capabilities
and avoids the oversimplifying assumption that
all scientists and encrineers could be transferred
with equal ease to mit' lian public projects.

The Phases of Large-Scale Weapon System
Programs

The nature of the scientific and engineering ac-
tivities and the percentage of the total program
effort they represent vary as a large-scale weapon
system program progresses through its life cycle.
As a result, the skills, work backgrounds, and edu-
cational attainments commonly identified with the
scientists and engineers in one program phase tend
to differ from the corresponding characteristics of
those employed in other phases. Or, at least, some
characteristics are apparently much more predom-
inant in one phase than hi another. The purpose
here is to summarize briefly these phases by ex-
cerpting from appendix A, "Phases of a Large-
Scale Weapon System Program," to establish a
frameworic for the remainder of the discussion in
this section.

As illustrated in figure 5, the activities preced-
ing a decision to consider seriously the undertak-
ing of large-scale weapon system program
normally span several years. During this time,
principally given over to the generation and evalu-
aUon of ideas, a number of program opportunities
exist, and while many will in6vitably be discarded,
some eventually become viable choices from which
one or more weapon system programs may be selec-
ted for accomplishment. As these choices are

n Lawton M. Hartman, "Industrial Practice Affecting the Utili-
zation of Scientific and Engineering Manpower," Toward Better
Utilization of Scientific and Engineering TaZent, op. cit., pp. 138,
1$9.
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made in the latter part of the opening phase, some
fairly definite objectives emerge in the form of
tentative operational requirements and research
and development objectives.

Once the decision has been made to examine the
desirability of developing a new system, some
fairly identifiable phases follow over the next 6
or so years. In the first phase, termed concept
formulation by the Department of Defense, atten-
tion more and more starts to focus on specific pro-
gram possibilities, although at the outset of this
phase a number of choices are still open to the
decisionmaker, including a decision. not to proceed
with the subsequent phase. After completion of
concept formulation, the general features of the
future program will have been established with
sufficient clarity to permit entering the contract
definition phase, where the program is refined and
planned in even greater detail.

At the conclusion of contract definition, the
third phase, the full-scale design and development
program, is undertaken. Should the decision then
be made to acquire production versions of the
system, production commences at a point that
normally overlaps development and test. The ac-
quisition and operational phase then follows, over-
lapping ,voidiiiiction and, at times, developmental
testing. e future improvements may be made
to the system and advanced models may come into
being, the program as originally conceived is essen-
tially complete at this point.

Early Stages of Large-Scale System Programs

Some may view the conclusion of the four Cali-
fornia studies as a demonstration that the aero-
space industry can diversify without serious
difficulty into the public-projects area. And, in
some respects, their optimism ma3r be warranted.
Still, comparing the pattern of activities found in
the four studies with the overall activity pattern
in a large-scale weapon system program tends to
moderate such optimism. For as measures of how
easily the industry could apply its research and
development know-how to a large-scale public sys-
tem program, the California studies are only par-
tial indicators, testing, as they did on a limited
sample basis, only the transferability of a minor
(although admittedly important) fraction of the
total scientific and engineering capability of the
industry. Yet to the d.egree the efforts in the Cali-
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FIGURE 5. Weapon System Program Phases
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fornia study projects and the characteristics of the
participating scientists and engineers resemble
those at a similar point in the evolution of a major
weapon system program, the studies do farmsh
some limited insight mto how readily that fraction,
at least, could be applied in the future to similar
study projects.

The background of the California studies and
the four State re4uests for proposals disclose quite
clearly the highly indeterminate nature of the ac-
tivities prior to the time the studies were inaugu-
rated. I.n the face of uncertain needs and doubts
concerning the applications of defenseand
space-relatedtechnology to such needs, the pe-
riod was largely given over to the generation and
preliminary evaluation of ideas on possible solu-
tions to loosely defined problems. In this respect,
some parallels can be drawn between this period
and the p3riod preceding the concept formulation
phase of a weapon system program (see app. A)
not only in the nature of the activities, but also in
the characteristics of the industry participants..
Among these parallels, however, two factors )3ear-
ing on the transferability of scientific and. engi-
neering skills during the embryonic phases of

ilarge-scale public programs stand out n contrast.
Oae concerns the reservoir of defense- and space-
related knowledge and experience possessed by the
aerospace industry the other, the industry's rela-
tions with the Federal Government.

The impetus given defense research and develop-
ment in World War II has been sustained with
only mhior interruptions since 1945. Moreover,
the National Space Program, in its dependence
upon advances in almost all areas of technology,

3 4 5

has further stimulated the country's research and
development efforts. Because the aerospace indus-
ti7 has been at the forefront of these activities,
intensively engaged in research, experimental de-
velopment, study, and analysis, it has a long-estab-
lished familiarity with defense and space problems
and an intimate knowledge of how advanced tech-
nology can contribute to their solutions. But few
scientists and engineers in the industry possess
equivalent understanding of public problems or a
deep awareness of their social, economic, political,
and technological implications.

Nor has sufficient time elapsed to form the close
relations with State and local governmental bodies
that the industry has developesi during the last 20
years or so with the militaryand, more recently,
with NASA. Study groups in the military depart-
ments, for example, while trying to identify needed
operational capabilities,

iroutinely
draw on indus-

try's knowledge of what s technologically possible.
And the aerospace companies regularly inform the
military of new possibilities opening up as a result
of anticipated technological advances. Thus a
continuing interplay, and a rare degree of under-
standing h.as evolved among aerospace scientists
and engineers and the military involved in weapon
system acquisition. But, as an industry partici-
pant in one of the California studies observed, a
similar rapport is yet to develop with members of
the State government, although the working rela-
tions that grew up between some State officials and
some industry scientists and engineers were appar-
ently quite close.

From California's point of view, however,
neither industry's relative inexperience with prob-

k,
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lems predominantly social, economic, and politi-
cal nor industry's undeveloped relations with State
and local zovernments represented any apparent
serious or even significant barrier to the transfer
of scientific and engineering skills. For when the
State issued its four RFP's and thus entered into
the equivalent of the early stages of the concept
formulation phase described in appendix A, it ob-
viously expected that the approaches and tech-
niques used by the aerospace companies for the
DOD and NASA could also be employed effec-

tively in the California studies. Evidently this
expectation was borne out, in part at least. The
technical approaches and study techniques outlined
in two of the four successful proposals 72 are in
most respects similar in pattern to those found in
proposals to the military, departments and NASA.
In both proposals, the indicated approaches gen-
erally correspond to the steps (listed in fig. 6) nor-
mally identified with the systems approach. The
planned uses of techniques such as mathematical
modeling and computer simulation of systems,
functional input-output matrices, econometric
models, activity networks (e.g., PERT), quantita-
tive cost and effectiveness analyses, and mathemati-
cal optimization techniques demonstrated the in-
tent to employ the methodology of systems
research and analysis. The functional block dia-
gram of the operational processes associated with

12 Only two of the four proposals were made available for this
study.

crime and delinquency in California (fig..7) il-
lustrates how one company went about putting its
intentions into practice.73

California seems convinced on the basis of the
studies that the systems approach can be effec-
tively applied to its problems. Or, at least, so
public statements by such people as Governor
Brown indicate. On July 22, 1965, the Governor,
in testimony before the Subcommittee on Employ-
ment and Manpower of the Senate Labor and Pth-
lic Welfare Committee, stated : ". . . the first
question that had to be answered in this program
[the four studies] was whether the aerospace engi-
neers could handle it. Their answer now is yes."

In agreeing with this conclusion, however, one
would be forced to bear in mind that the Governor
was speaking of only a very small percentage of
the total scientists and engineers normally found
in a large-scale weapon system program, or, for
that matter, of a very small segment of the scien-
tific and engineering population in the aerospace
industry as a whole. Cherington has estimated,
for example, that perhaps 5 percent or more of the
industry's scientists and engineers are engaged in
what he calls precontract activities,74 activities
which, in many respects, roughly compare to those
associated with the four California studies. And

="California Reaches for Aerospace Engineering to Solve State
Problems," American Engineer (May 1965), p. 33-

74 Paul W. Cherington, "Systems-Acquisition and the Utilization
of Scientific and Engineering Manpower (Requirements and Pro-
gram Determination, Contracts and Grants)," Toward Better
Utilization of Scientific and Engineering Talent, op. cit., p. 117.

FIGURE 6. Steps Usually Associated With, Systems Approach,
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so while the aerospace scientists and engineers may
be able to cope with the early phases of a large-
scale public project, what of the other activities
which make up the later program phases and, in a
weapon system program, occupy the efforts of per-
haps 70 to 90 percent of the total scientific and
engineering manpower of the industry ?

Distribution of Scientists and Engineers

Before analyzing the way the industry distrib-
utes its scientists and engineers among the later
program phases, it may be well to comment briefly
on hermgton's estimate that 5 percent or more
of the scientific and engineering manpower in the
aerospace industry is utilized in precontract ac-
tivities." This estimate may be slightly mislead-
ing, suggesting as it may to some the existence of
a relatively stable group occupied full time with
activities of this sort. In practice, while a number
of industry personnel with scientific and engineer-
ing backgrounds do spend the greater part, if not
all, of their time working in the early program
phases, an even larger nunther regularly shiftlaack
and forth between precontract activities and tasks
associated with later program phases. In one of
California studies, for example, interviews with
the study participanth disclosed several who had
only recently been working in one of the company's
major design and development programs before its
cancellation. (Transferring technical personnel,
particularly the more talented and innovative, to
proposal and study activities as their efforts are
no longer needed on design and development pro-
grams may become even more prevalent with
DOD's increased emphasis on concept formulation
and contract definition studies before program ini-
tiation.) What should be noted with respect to
Cherington's estimate, of course, is the earlier point
that the knowledge gained from the four Cali-
fornia studies concerns at best the transferability
of scientists and engineers working at the type of
activities which accounts for a mere 5 percent or
so of the total technological effort of the aerospace
industry.

That the profile of the scientific and engineer-
ing manpower on the California studies is prob-
ably not an adequate representation of the overall
technical profile needed in a large-scale public

stem program is made further apparent : some-
thing like 5 percent of the peak scientific and en-
gineering manpower loadmg on a large-scale
weapon system program may also be a fair esti-
mate of the maximum number of scientists and en-
gineers normally employed in the early program
phases. Data on manpower utilization in tlae Titan
II ICBM program, for example: show that the
manpower loading at the Martm-Marietta Co.
reached about 185 at the time DOD approval was

75 Ibid.

given for program go-ahead (see fig. 8)." This
corresponds to just over 5 percent of the maximum
loading of 3,600 scientists and engineers reached
well after test and evaluation activities had started
to predominate in the design and development
phase. On the basis of numbers alone, the techno-
logical skills possessed by the aerospace industry
seem overwhelmingly oriented toward activities
associated with the later program phases. Thus.
while future important contributions in the pub-
lic-projects area may be made by the scientists and
engineers regularly assigned to a system develop-
ment program before the accelerated buildup of
personnel laegins, more attention needs to be given
to the transferability of those who spend their
time almost wholly on tasks associated with the
later program phases. For this latter group, prin-
cipally consistmg of engineers holding under-
graduate degrees and those with no degrees is
probably not in short supply now, nor is it likely
to be in the foreseeable future. But as Cherington
has pointed out in discussing the breakdown of
scientific and engineering manpower in the aero-
space industry, there is and probably will continue
to be a shortage of-technical innovators, managers,
and top-quality backup personnel."

At present, little evidence is available on which
to base judgments on the likely utilization of sci-
entific and engineering personnel in large civilian
projects such as those envisioned as follow-ons to
the California studies. But assuming, as most do,
that the unusually high ratio of engineers and
scientists to other employees in. the majority of
military and space programs stems primarily from
the large technological advances sought in most
weapon system developments, some justification
exists for thinking that the ratio would be lower
in comparable civilian public projects. Nor does
it appear unreasonable to expect that the ratio of
the peak number of scientific and engineering per-
sonnel in later program phases to the number in
earlier phases would be smaller than that obtained
from data derived from the curve in figure 8. As
mentioned earlier, technological advances of the
magnitude normally associated with military and
space system developments are probably not re-
quired today in most public problem areas.

The scientific and engineering manpower com-
ponent of large aerospace programs, particularly
that part associated with the accelerated buildup
shown in figure 8, has been the subject of surpris-
ingly little research. Existing data, sparse and
largely inadequate for analyzing the transfera-
bility of the group, rarely differentiate among the
numerous activities of individuals having what
appears to be similar backgrounds and skills. For

" Letter (Paul W. Cherington, Graduate School of Business
Administration, Harvard University, to Ronald P. Black, Analytic
Services Inc., Atli. 8, 1960).

77 Cherington, 'Systems Acquisition and the Utilization of
Scientific and Engineering Manpower," op. cit., p. 118.
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FIGURE 8. Scientific and Engineering Manpower Buildup in Titan II IGBM Program (Martin-Marietta (Jo.)
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example, data such as given in table 7 provide very
little insight into the diverse tasks in a weapon
system program that are performed by technical
personnel nominally identified by the same techni-
cal discipline. As an illustration, the 20 percent
of electronic/electrical engineers in table 7 might
be involved in any one of the functional areas
shown in table 8 (which, it should be noted, is
not a comprehensive listing) and, thus, to draw
conclusions about their transferability without

I Production
&

Acquisition
1

considering the nature of their activities seems
wholly, unrealistic.

Of d.ubious value, also, in assessing the applica-
bility of the industry's scientific and engineering
skills to civilian projects are data on the distribu-
tion of academic degrees in the aerospace indus-
try. Providing data of this sort, as one company
dicl in its study proposal to the State of California,
helps very little when judging how difficult it
would be tor the company to utilize its technologi-
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TABLE 7. DISTRIBUTION OF TECHNICAL DISCIPLINES IN
ONE AEROSPACE COMPANY

Technical discipline Percent of
all disciplines

Electronic/electrical engineering 20
Mechanical engineering 22
Aeronautical engineering 22
Physics 10
Mathematics 7
Other engineering and sciences 19

SOURCE: Thomas G. Miller, Jr., Strategies for Survival in the Aerospace
Industry (Cambridge: Arthur D. Little, Inc., 1964), p. 38.

TABLE 8. ELECTRONIC/ELECTRICAL DEVELOPMENT
EN GIN EERI N G AREAS

Flight controls
Feedback control systems
Navigation and guidance
Fire control systems
Radar technology
Radomes
Antenna systems
Hydraulic and electrical systems
Armament systems
Electronic countermeasures_

Flight test instrumentation
Flight test operations
Flight test data processing
Test engineering
Production testing
Service engineering
Project engineering
Technical writing
Operations analyses
Support equipment

SOURCE: Based on descriptions of professional employment opportunities
contained in various periodicals.

cal capabilities in the follow-on phases of the
program.

Without additional data on the individuals sub-
stantive background characteristics and their rela-
tionships to future requirements posed by public
projects, what observations can be made on the
projected distribution of scientists and engineers
m the design and development, production, and
acquisition and operating phases of a typical,
large-scale public program? Very few, certainly.
Perhaps only the following point can be usefully
made at this time : To speak of a "typical" public
program in the sense that a single technical profile
could be constructed as a model for distributing
scientific and engineering skills in future public
programs is very likely misleading. As the aero-
space market is constituted, the overall distribution
of scientists and engineers probably approximates

fairly well the technical profile of an "average"
company, for there is substantial homogeneity
among large aerospace programs. But the poten-
tial market in the public-projects area, ranging in
the four California studies alone across such dis-
parate fields as the control of criminal delinquency
and the problems of waste management, strongly
suggests that the distribution of technical fields of
specialization within public programs will vary
markedly. Therefore, -while insufficient data are
available to project the utilization of particular
skills, individual companies might be faced with
some rather difficult problems in maintaining a
proper match between their inhouse technical mix
and the heterogeneous requirements of a civilian
market should they attempt to work in several of
these fields.

Potentially a much more useful approach to de-
termining a workable profile of scientific and engi-
neering manpower in large aerospace programs
seems to be that adopted by Shapero and
Vollmer.78 They sorted systematically into nine
activity categories the job titles of all scientists
and engineers in one aerospace company and then
related these activities to representative organiza-
tional functions. Using this approach, they de-

goped the data shown in table 9 for one major
aerospace company.

But, as Shapero and Vollmer note, determining
whether the data are representative of the industry
at large would depend on additional analyses of
other firms-although the earlier assumption of
homogeneity among large aerospace programs
argues for the generality of the overall technical
profile represented by table 9.

Even though the nine categories employed by
Shapero and Vollmer are not sufficiently detailed
to reveal the fine-scale activities in. each aerospace
program phase, an imperfect approximation
based on table 9 has been made of how the effort

IS Shapero and Vollmer, op. eit., p. 235.

TABLE 9. DISTRIBUTION OF ENGINEERS AND SCIENTISTS BY ACTIVITY PERFORMED IN DIFFERENT ORGANIZATIONAL
FUNCTIONS IN ONE MAJOR AEROSPACE COMPANY, 1962

Organizational function

Percent distribution by activity performed

Scientific
research

Product
design

analytic

Product
design

hardware
Test en-
gineering

Technicial
snpport

Facilities
design

Manufac-
turing and
facilities
design

Quality
assurance

Customer
service

All func-
tions

General administration
Research and engineering_
Development
Development test
Manufacturing
Procurement
Quality assurance
Customer service

Total

O. 1
5.0
1. 4
. 5

O. 1
6. 4

10. 61 9
6

2. 0

1. 1
28. 1
3. 0
1. 5

0. 7
0. 2

O. 4
.9

13. 7

2

0.9
2. 6
.6

.1

0. 6
1. 0

.1

O. 1
.3

5. 5

.1

0.1

5. 0

O. 5
1.8

. 5

. 1

.1
1. 0

O. 2
14.4
45.8
20.8
8.7

R. 2
1.3

7. 0 21. 6 34. 6 15. 2 4. 2 1. 7 6. 0 5.1 4. 0 99.4

SOURCE: Albert Shapero and Howard M. Vollmer, "Technical Profile of the Industry," The Industry-Government Aerospace Relationship, vol. II (Menlo
Park: Stanford Research Institute, 1963), p. 235.
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in each organizational function is distributed.
This somewhat crude distribution, shown in figure
9, was developed by judging for each organiza-
tional function what percentage of its related ac-
tivities was normally performed in each program
phase. While based partly on subjective judg-
ments, the results are thought to be generally
valid. For example7 the percentage distribution
between phases is fairly consistent with the man-
power loading distribution described earlier.
Also, while the distribution within phases may be
somewhat more uncertain, the additional uncer-

FIGuRE 9. Scientific and Engineering Manpower Distri-
bution by Program Phases
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tainty does not invalidate the basic conclusion to
be drawn; i.e., that based not only on numbers of
personnel alone, but also on an analysis of how
the activities are distributed, the technological ca-
pabilities of the aerospace industry seem over-
whelmingly oriented toward activities associated
with the later program phases.

Specialization of Scientists and Engineers in
the Aerospace Industry

Problems which have stemmed primarily from
the magnitude and complexity of the tasks in-
volved in major weapon system programs, and to
a lesser extent from the characteristics of the de-
fense market itself, have compelled aerospace com-
panies to develop techniques and approaches
which, in some cases, have given rise to certain
areas of technical specialization within the in-
dustry.79 This situation, summarized in table 10,
generally prevails throughout the industry and
lends support to a hypothesis that most aerospace
engineers and scientists tend to specialize in fields
frequently bearing only incidental relationships to
their academic backgrounds.

On the surface, specialization centering on de-
fense and space problems seems law sistent with
ease in shifting research and development skills to
new and complex problems in the public-projects
area. But a conclusion of this sort may be pre-
mature, or at least too general. Two or perhaps
more of the approaches listed in table 10 were

TABLE 10. AREAS OF TECHNICAL SPECIALIZATION

Problem Technique or approach

Technical sophistication
of products.

Single-customer market.

Large number of com-
plex, technical de-
cisions at program
director's level.

Complex program
interrelationships.

Large number of com-
plex system concepts
and parameters.

Complex interrelation-
ships among system
elements.

Interactions due to
design changes.

Stringent reliability
requirements.

Technical specialty

Employment of techni-
cal personnel in pro-
posal and sales efforts.

Establishment of inde-
pendent group to moni-
tor cost versus perform-
ance.

Assignment of strong
technical staff to pro-
gram director.

Use of computer tech-
niques for program
monitoring.

Use of mathematical
models and computer
simulatir

Assignment rtrol
over int, of
major F e ma to
indepen: group.

Establishment of formal-
ized change control
pr 4dures.

Insr.itution of reliability
programs, vendor
qualification pro-
grams, incoming
parts inspection and
test programs.

Technical entrepre-
neurship.

Value engineering.

Project engineering,
system engineering.

Program planning,
PERT analysis.

Systems synthesis
and analysis.

Configuration control.

Liaison engineering.

Reliability engineer-
ing, parts engi-
nee

ri For further discussion of this trend, see Allen 0. Gamble,
"Proposal for Development of an Improved Manpower Related
Information Program," Toward Better Utilization of Scientific
and Engineering Talent, op. cit., p. 103.
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employed successfully by the aerospace companies
in the California studies : First, in accomplishing
the studies, some, if not all used mathematical
models and computer simulations of systems ; and,
second, all used technical personnel in their pro-
posals and sales efforts to obtain the study con-
tracts, In fact: there is some justification for
thinking that this latter approach, more than any
other single factor, is responsible for the leading
role California is playing today in trying to adapt
the technical resources of the aerospace industry to
domestic problems.

It is interesting to note that the use of technical
resources to carry out what are essentially sales
and marketing functions has often come under
attack, usually on the grounds that technical talent
was being wasted on "brochuremanship," i.e., the
preparation of elaborate, and often costly, pro-
posals. While there may be some basis for such
criticism, there are also reasons to suspect that it is
overexaggerated. Many believe that partly be-
cause of the technological complexity of its prod-
ucts, the aerospace industry has had little recourse
but to devote a significant portion of its scientific
and engineering capability to the preparation of
technical proposals and the promotion of ideas

constantly generated in response to known or pre-
sumed military requirements.

In 1962, C. F. Home estimated that 18 percent of
the hidustry's top scientists and engineers were
occupied in this manner." Although not all of the
18 percentor all of the 1965 equivalent percent-
ageare either fully or permanently engaged in
these activities, there has emerged in most aero-
space companies what some have called the "tech-
nical entrepreneur," i.e., the scientist or engineer
who spends a majority of his time in managing
proposal efforts, briefing top management, and
trying, usually in concert with the firm's customer
relations department, to arouse Government inter-
est in the company's latest proposal. These indi-
viduals, normally articulate and reasonably well
informed in several technological areas, have
evidently found very little difficulty in interpret-
ing the scientific and engineering capabilities of
the aerospace industry to a new, and apparently
highly receptive, audience. Without this type of
technical entrepreneurship, one wonders whether
the California study program would have been
conceived and undertaken.

so Quoted In The Industry-Government Aerospace Relationship,
vol. I (Menlo Park : Stanford Research Institute, 1963), p. 19.



Industry's Experience With the California Studies

If it has done nothing more, the Califonila study
program has focused the attention of a large num-
ber of responsible Government officials on a poten-
tial source of help in unraveling the complex, usu-
ally interrelated problems facing modern society.
It has failed, perhaps, to provide any conclusive
clues to the future role the aerospace industry is
apt to play in domestic projects at the Federal,
regional, State, and local levels. But it would
have been unrealistic to have expected the four
studies to furnish more than an initial impression
of a trend that could develop and the likelihood
that it would. The studies do provide some in-
sight into the market possibilities for the aero-
space industry and the effect a move in this direc-
tion might have on the manpower composition of
individual companies.

As a part of this study, a number of interviews
were held with members of aerospace manage-
mentboth those primarily concerned with broad
corporate objectives and those customarily in-
volved more directly with company operations (in-
cluding project managers of the California stud-
ies)and with the participants in three of the
four California studies." The objectives of the
interviews were (1) to gain management's obser-
vations and impressions of any problems associ-
ated with the California studies and their views of
future possibilities in the public projects area ; and
(2) to gather background data for use in making
some predictions about tie likely manpower com-
position of similar study teams in the future.

Management Observations

Talks with company officials responsible for
overall corporate growth quickly reveal a corre-
spondence of views that was almost completely ab-
sent among managers at the operating levels. For
example, that the DOD and NASA were the in-
dustry's princinal customers was invariably made
clear at the upper corporato levels. Furthermore,
in responding to questions about the future of the
aerospace mafket, the almost uniform reply was
that while the DOD and NASA would continue
to be good customers, the market was unlikely to
grow as it had in the past. Principally for that
reason, aerospace companies are interested in new

Questionnaires were used for the participants of the fourth
study. These data, together with those collected in face-to-face
interviews with participants in the three other studies, are sum-
marized in app. B.

marketing opportunities, one of which could.con-
ceivably be presented by civilian public projects.
Should a market eventually develop in this area
and grow to an appreciable annual volume, the in-
dustry would be mterested in obtaining a reason-
able share. This would be accomplished slowly,
although steadily on a selective basis as a logical
extension of present business. Slightly inconsist-
ent with this view, perhaps, is the apparent con-
sensus that large-scale participation in the do-
mestic projects market would result in either the
formation or acquisition of new companies to un-
dertake and carry out the activities.

How quickly this potential market develops, if
it does, d,epends to a very great extent on actions of
the Federal Governmentor so corporate manage-
ment believes. The magnitude of the Govern-
ment's efforts and how broadly it sets out to attack
the Nation's domestic problems will largely de-
termine not only the rate of_growth, but the overall
market potential as well. That corporate officials
believe this potential to be real and likely to result
in significant business for the aerospace industry
has been demonstrated over the last 2 or 3 years by
the increased time they and some of their upper
level scientists and engineers have devoted to this
area. They believe, however, that under the best
conditions, it would be unrealistic to expect that
civilian public projects will account for a very
significant percentage of the aerospace industry's
business within the next 5 years or so.

In contrast to the apparent unanimity described
above, management views at the operating level
range from extreme skepticism if not disbelief in
the likelihood that a market will develop, to the
conviction that the market has already developed
and that the industry, is even now actively and
successfully participating in it. Not surprisingly,
the two extremes correspond to the views held re-
spectively by a group that has its future ap-
parently tied inextricably to the defense and space
markets and by a substantially smaller group that
has evidently become almost wholly occupied with
diversificationoften through an earlier interest
in arms control and disarmament. Between these
two are many managers engaged in the day-to-day
activities of the company who embrace a variety of
views between the two extremes.

The managers who have been active in diversifi-
cation efforts tend, as expected, to emphasize the
potential of civilian public projects, while at the
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same time to discount the problems of creating
and shifting into the new market. Those who
identify closely with DOD and NASA programs
do just the opposite. Which group is nearer to
reality is difficult to say, particularly without a
better understanding of what would constitute
industry success in th.e civilian public projects area.
Very likely the two groups h.ave different ideas
about this aspect as well.

Of the management personnel directly or closely
connected with. the California studies, most ex-
pressed views which generally leaned toward the
diversification group, although on further ques-
tioning, they acknowledged the existence of dif-
ficult problems. Moreover, when asked for more
explicit descriptions of where the California stud-
ies might lead, they conceded that the future was
quite hazy. They would rarely admit, however,
that the aerospace companies would be unsuccess-
ful should they decide to undertake future domes-
tic projects. Whether this represented their real
views or merely an adopted attitude to strengthen
their chances of success is, of course, difficult to
Say.

In speaking of the California studies specifically,
the study managers indicated that their principal
problems centered largely on obtaining essential
information. Accustomed to dealing with DOD
and NASA personnel who try more or less as a
matter of course to ascertain their information re-
quirements and furnish the data in a suitable form,
they had some difficulty in adjusting to some State
personnel who, at best, would provide them with
only the specific documents or data requested.
Moreover, it was not unusual to find that required
information just did not exist. The study par-
ticipants also found that many State employees
were skeptical and lacked understanding of what
they were trying to do, although members of one
industry team thought that State government em-
ployees lost most of their doubts about halfway
through the project. While none found that he
was seriously hampered by a lack of background
knowledge, most study managers generally thought
that more detailed information would be desirable
should they continue working in the field.

Of the future directions their companies might
take with respect to civilian public projects, the
study managers seemed to think that "research
and analysis" and "systems engineering and tech-
nical direction" functions offered the best possi-
bilities, although some thought that "development

and production" might be a good possibility.
Very little support was given to the idea that the
companies might assume an operating role. A
number expressed interest in obtaining from the
State additional studies in the areas of their cur-
rent efforts.

Backgrounds of Study Personnel

Assumptions that significant differences would
appear in the scientific and engineering makeup of
teams performing space and defense studie3 and
those conducting the California studies were fairly
well borne out by the personal data collected on the
industry 'participants. As illustrated by figure
10, the educational backgrounds of personnel de-
scribed in one industry study proposal to NASA
shoNv a predominance of physical scientists and
engineers, whereas aggregating the educational
backgrounds of all participants for whom data
were available in the California studies reveals a
higher percentage in a classification other than
physical science and engineering. Moreover, past
experience with industry studies for the DOD and
NASA indicates that the composition of the one
aerospace study shown in figure 10 may include
a larger number of physical scientists and other
disciplines than are found in most such efforts.

As mentioned earlier, scientists and engineers
associated with the earlier phases of aerospace pro-
grams usually hold higher academic degrees and
are probably more transferable, in general, than
those engaged in the later phases. Comparing
the educational levels of the Californiastudy team
members shown in figure 11 with those found by
Shapero and Vollmer 82 for the overall industry
provides some small support for this view, in that

TABLE 11. WORK BACKGROUNDS OF STUDY PERSONNEL

Organizational function I Percent study personnel in
function just before this study

General administration 11
Research and engineering 57

Development 26
Developmental test 0
Manufacturing 0
Procurement 0
Quality assurance 0
Customer service- 6

I Categories developed by Albert Shapero and Howard M. Vollmer, "Tech.
nical Profile of the Industry," The Industry-Government Aerospace Relation-
ship, vol. II (Menlo Park: Stanford Research Institute, 1983), p. 258.

.011i
" Shapero and Vollmer, op. cit., p. 260.
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FIGURE 10. Educational Background of Personnel Found on One Aerospace Study and on California Studies
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the median educational level in the California
study corresponded to a master's degreet in com-
parison to a bachelor's degree for the industry.

Table 11 provides data on the work backgrounes
of the study personnel immediately preceding their
assignments to the California's stulies. The in-
dication that 57 percent of the scientists and en-
gineers had been involved with the research and
engineering function is roughly comparable to
estimates on the composition of study teams dur-
ing the concept formulation stages of weapon sys-
tem programs (see fig. 9).

Other personal data were obtained on the par-
ticipants that may illuminate the makeup of the
study teams. The average age was 39 years and

the average time with the company was 7 years.
(This length of employment dispels any idea that
the companies hired new personnel for the studies.)
On the average, the primary reason given for be-
ing selected to work on the study was possession
of past experience, although this was usually .not
in the actual area of the study. The principal
problems were nontechnological, although most
felt that to continue working in the area would re-
quire study in ii, technological area. Before the
study, the average team member knew 20 to 30
percent of the other members and had worked with
10 to 20 percent. Queried about the prospects for
the aerospace industry in the public projects area,
most indicated that they thought they were good.



Conclusions

The systems approach is neither a new tech-
nology, as some seem to think, nor a methodology
reserved for the exclusive use of scientists and en-
gineers in the aerospace industry. It is a way of
looking at questions, of analyzing issues, but not a
technology in the sense of an applied science or a
methodology dealing with the tools of analysis.
From this point of view, it is not even a form of
analysis, such as systems operations or research.
In another sense, however, it is a methodology, for
it deals with the principles of intellectual proce-
dure; i.e., the systems approach as an idea or con-
cept prescribes that a subject under consideration
be examined in a particular wayby taking ac-
count of all factors that seem relevant, noting the
uncertainties, and investigating the effects of varia-
tions in the relevant factors. In most respects, all
of this adds up to very litle more than the applica-
tion of commonsense, a trait not solely the posses-
sion of any single group in our society%

Still, to conclude that the so-called "systems
capabilities" of the aerospace companies are more
imaginary than real would be erroneous. In their
accustomed use of operations and systems research
to analyze complex questions o.-2 choice and in their
systems engineering experience with large-scale
systems, selected. personnel and. organizational
units in most aerospace companies are able to ap-
ply some highly developed, sophisticated analytic
teclmiques that can often provide more quantita-
tive, less subjective data on which decisions can be
based.

Certainly, today's society and its problems are
incalculably more complex and interrelated than
those in past years; consequently, they require not
only the adoption of the systems approach, but
also the increased use of the advanced analytic
methods which some have identified with the aero-
space industry. Extrapolations of present trends
indicate that factors such as higher population
densities and greater reliance on machines will
undoubtedly compound these problems in the fu-
ture. It seems reasonable, therefore, to expect that
State and local governmental jurisdictions will be
required to turn more and more to the ty-pes of
analyses that have come to be associated with de-
fense and space endeavors. The State of Cali-
fornia under a somewhat unique set of circum-
stances has taken steps to strengthen its capacity
to handle some of its urgent and more pressing
problems by utilizing private firms. Thew ac-

tions may indicate a trend toward the use of a
process that has bcn noticeably lacking at the
State level ; i.e., the utilization of science and
scientific research in the type of policy-supporting
role evident on the Federal level since the begin-
ning of World War II. If other State and local
governments plan to retain their present policy-
making roles in the Federal system, they will have
to demonstrate their ability to cope with the diffi-
cult problems which face them now and in the
future. Thus, it seems reastmable to conclude that
they will more and more incline toward the
pioneering direction established in California's
novel experiment.

But there seems no reason to assume merely be-
cause the aerospace companies may have been suc-
cessful in using the systems approach to assist
California in its innovative activities that other
States will necessarily turn to the aerospace in-
dustry. After all, there are few reasons to think
that other organizations would not be equally suc-
cessful, should they be given the opportunity. The
future success of the aerospace industry in con-
ducting studies of the sort carried out for Califor-
nia will depend, therefore--much as it will -with
other functions it might consider performing in
large domestic projectson the ability of individ-
ual companies to compete with other interested
public and private instrumentalities having capa-
bilities to examine questions of public policy. Of
perhaps equal or greater importance to assessing
the difficulties apt to confront the aerospace in-
dustry when it attempts to establish at the State
and local levels the relations it has with the Fed-
eral Government are questions raised by existing
institutional obstacles, longstanding legal restric-
tions, and the vested interests of individuals and
public and _private groups. How capable and
resourceful State and local governing bodies will
prove to be in overcoming such barriers remains
to be seen.

Probably the single, most innovativeand pos-
sibly most importantcontribution of the sci-
entists and engineers in the California studies was
their attempt to model explicitly, and to some ex-
tent quantitatively, the social, political, economic,
and technological factors in the systems under
consideration and to define the optimum relation-
ships within the total systems under various as-
sumed conditions. Yet to conclude from these
studies that aerospace scientists and engineers
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as a group are uniquely fitted to study ques-
tions of public policy involving technological is-
sues seems a premature and unwarranted conclu-
sion. Granted that they possess the training and
experience that could permit valuable and far-
reaching technological contributions, there seems
little evidence that the scientific and engineering
skills of the aerospace industry are better suited to
making technological contributions to domestic
projects than those possessed by other scientists
and engineers having comparable backgrounds
and academic attainments.

By necessity, the aerospace industry has con-
tinued to reach for new technological advances,
and, as a result, the scientific and engineering com-
ponent of its work force has steadily increased.
In some respects, this situation has tended to feed
on itself2 with new scientific and engineering
talent bringing forth new ideas which, in turn,
have resulted in requirements for additional scien-
tists and engineers. Whether this self-sustained
innovation proves an important factor in easing
the entry of the industry into the domestic projects
market depends on the need for major technologi-
cal improvements in the area. While a fresh and
less conventional approach to some problems
should be beneficial, there are a number of per-
suasive reasons for believing that solutions exist
for the technological aspects of most current do-
mestic problems.

The characteristics and abilities of aerospace
scientists and engineers varyand, therefore,
their transferabiities vary. In this study, how
difficult the transfer would be has been examined
by hypothesizing that the scientific and engineer-
ing activities associated with the definable phases
of a large-scale weapon system program provide

some significant indications of the transferabilities
of those involved in the activities. Based on this
analysis, the conclusions reached are that, in a
rough sense at least, the transferability of aero-
space scientists and engineers is inversely propor-
tional to the manpower loading curve for a large-
scale weapon system program; i.e., scientists and
engineers normally occupied in the early phases
should have the least trouble in transferring to
civilian public projects, those in the design and
development phase would very likely encounter
the most difficulty, while those principally asso-
ciated with the production and acquisition phases
would probably find a situation lying somewhere
between the two extremes. And so the largest
group of scientists and engineers in the industry,
those engaged in design and development, may well
prove to be the least transferable.

To an aerospace company that becomes deeply
involved with the civilian projects market this
may mean that a small group normally identified

with the early program phases would form a nu-
cleus that could evolve into a separate division or
subsidiary. (This does not say, of course, that
others who have been accustomed to working in
the later program phases could not also transfer.
The transfer would merely be more difficult and
less natural for them.) The practice of formine
new organizational units coulsi develop during a
period of reduced defense spending. If it does,
it could result not in the preservationas some
have hopedof an industry "team" that could be
recalled quickly when needed to the problems of
defense, but rather in the eventual growth of sep-
arate corporate entities remote from the defense-
and space-based parts of the parent company.
As time goes on, these would possess fewer and
fewer capabilities to undertake large-scale weapon
or space system programs.

Contrary to some opinion, for the aerospace
industry to move into the civilian projects market
would likely be a departure from its historical
trend over the last two decades, i.e., toward prod-
ucts of increased technological complexity. While
there is a similarity between what may become a
new market for the industry and the defense and
space markets, it stems primarily from the use in
each of contractual arrangements for solution of
very large and complex problems. Once this cor-
respondence has been noted, the similarity rapidly
decreases. What seems more important from a
marketing point of view is that the undertaking of
civilian public projects would be a reversal in di-
rection. Because the aerospace industry, in its de-
fense and space programs, has consistently worked
at the fringes of new technology, its advanced re-
search and development capabilities have placed it
in an exceptionally good competitive position in a
market almost totally dominated by the industry
in the first place. In the civilian public projects
market, however, where new technological ad-
vances seem less important and a number of other
companies are already actively engaged, the aero-
space industry will undoubtedly meet with a much
more competitive situation.

In summary, then, three points need to be em-
phasized: First, as indicators of the ease with
which the research and development capabilities
in the aerospace industry could be transferred to
civilian public projects, the four California studies
are inconclusive, testing as they did only a very
small sample of seemingly the most transferable
industry scientists and engineers. Second, whether
the scientific and engineering skills in the aero-
space industry could be transferred easily may not
be a conclusive factor in examining the question of
industry diversification. For after all, the magni-
tude of other problems surrounding industry di-
versification appear much larger than those asso-
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dated with the transfer of industry scientists and
engineers. Third, while there are indications of a
growing interest in public projects and while there
are components of the scientific and engineering
capability of the industry that could be usefully
applied to the solution of specific problems, it
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seems unlikely that civilian public projects will
become in the next 5 years or so a significant part
of the industry's total business. Then, too, future
changes in the defense and space markets, brought
on by world events, for example, will alter the in-
dustry's interest in this market.



Introduction

Appendixes

APPENDIX A

Phases of a Large-Scale Weapon System Progrm
Leveral billions of dollars,1 depend on the efforts of
15,000 +9 20,000 persons in one aerospace company
alone (of which there may be several in the pro-
gram), and require 5 to 10 years to bring the new
system to full operational status as an element of
the Nation's military force structure. Entering
into a program of this size and complexity is thus
a decision of considerable magnitude and import
that is made only after much prior deliberation
and study.

The activities preceding a decision to consider
seriously the undertaking of a large-scale weapon
system program normally span a period of several
years. During this time, principally given over
to the generation and evaluation of ideas, a num-
ber of program opportunities exist. While many
inevitablyr will be discarded, some eventually will
become viable choices from which one or more
weapon system programs may be selected for ac-
complishment. Because of the nonspecific char-
acter of these embryonic activities, directed as they
are toward a number of separate and distinct possi-
bilities, it may be slightly incorrect to describe this
early period as the opening phase of one particular
program. Nevertheless, to the extent that the
formulation and analysis of ideas during this time
strongly influence and help shape the subsequent
decision to initiate a given program, the period
can be justifiably thought of in this light. As
these choices are made in the latter part of this
phase, some fairly definite objectives emerge in
the form of tentative operational requirements
and research and development objectives.

Once the decision has been made to examine the
desirability of developing a new weapon system,
some fairly definable phases follow over the next
6 or so years. In the first phase, referred to by the
DOD as the concept formulation phase, attention
more and more starts to focus on specific program
possibilities. Even at the outset of this phase, a
number of choices are still open to the decision-
maker, including a decision not to proceed.

The nature of the scientific and engineering ac-
tivities and the meentage of the total program
effort they represent vary as a large-scale weapon
system program progresses through its life cycle.
As a result, the skills, work backgrounds, and edu-
cational attainments commonly identified with the
scientists and engineers employed in one phase of
the program tend to differ from the corresponding
characteristics of those employed in other phases.
At least, some characteristics are apparently much
more predominant in one phase than in. another.
A number of difficult problems are encountered,
therefore. when attempting to aggregate the vari-
ety of scientific and engineering disciplines and
skills found in the aerospace industry into a single,
homogeneous entity.

Moreover, trying to judge how easily these skills
could be transferred to a major civilian public
project without accounting for this lack of com-
plete homogeneity, oversimplifies and, in many re-
spects, tends to obscure the question of transfer-
anility. The problems can be at least partially
circumvented, however, by adopting an alternate
approach, i.e., by analyzing the relative transfer-
ability of the skills associated with each program
phase rather than by constructing an analytk
model approximating a composite cross section of
the scientific and engineering skills of the indus-
try. The purpose of this appendix is to provide
the background for an analysis of this sort by de-
lineating the distinguishable phases of a large-scale
weapon system program and describing the gen-
eral pattern of activities in each.

Life-Cycle of a Weapon System Program

A large-scale weapon system program, in the
complexity of its organizational structure and in
the diverse range of its activities, is an undertaking
of substantial proportions whose successful conclu-
sion comes about only after large quantities of
resources have been consumed and sometimes
created. Quite often, for example, a major missile
or space program will result in the expenditure of

206-754-66--vol.

I Secretary of Defense McNamara, testifying before the House
Armed Services Committee in February 1965, stated : "Over the
past 10 years, more than $10 billion was spent on the development
of ballistic missiles, including $2.3 billion on Atlas. $2.6 billion
on Titan, $2.5 billion on Polaris, and $2.1 billion on Minuteman I."
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Should he decide to proceed, however, the features
of the future program will be established with
sufficient clarity to permit entering the contract
definition phase, in which the program will be re-
fined and planned in greater detail.

At the conclusion of contract definitionif the
decision is to continue with the development of
the systemthe third phase, the full-scale design
and development program, will be undertaken.
If system acquisition is decided on, production
will commence at a point overlapping the develop-
ment and test of the system. Production itself
will be overlapped later by, the acquisition and
operation phase. While future improvements
may be made to the system and later models of
the system may be designed and built, the original
program is essentially complete at this point.

The Pattern of Activities

Regardless of the organizational structures em-
ployed by the large aerospace corporations, each
apparently utilizes its scientists and engineers in
similar functional activities. Shapero and Voll-
mer,2 for example2 in a. survey of about 30 major
aerospace firms (including an indepth examina-
tion of the manpower utilization in one) were able
to identify eight functional divisions which
seemed to account adequately for the separation
of activities in each company.8 As might be ex-
pected, they were able to detect from the data
gathered durin the survey that in general the
educational bac ounds and work functions of
the scientific an engineering personnel in one
division differed perceptibly from those in another.
From their description of the scientific and engi-
neering activities in the functional divisions of
the organizational structure, it is possible, as shown
in figure A-1, to relate the eight functional di-
visions to the six weapon system program phases
mentioned above.

Generation awl evduation of ideas. Broadly
stated, the opening phase of a large-scale weapon
system program is characterized by indetermhi-
acy. The problems to be addressed are loosely de-
fined, if indeed they are defmed at all. The future
military needs are uncertain, for the environment
itself 5, 10, or 15 years hence is itself uncertain.
And, while many isleas may have a great deal of
appeal at this stage and may appear to offer new
and vastly improved military capabilities, the ca-
pabilities would have utility only if the need for
them should develop. Therefore, this initial phase

2 Albert Shapero and Howard M. Vollmer. "Technical Profile
of the Industry," The Industry-Government Aerospace Relation-
ahip, vol. II (Menlo Park: Stanford Research Institute, 1963),
p. 256.

$ The eight functional divisions were (1) general administra-
tion, (2) research and engineering, (3) development, (4) develop-
mental test, (5) manufacturing, (6) procurement (only a negli-
gible number of the total scientists and engineers were found in
this division), (7) quality assurance, and (8) customer services.

is largely concerned with generating new ideas
and evaluating them against present estimates of
future needs.

But from where do the ideas originate? The
answer depends to a large extent on the nature of
the ideas. Study groups in the military depart-
ments, for example, continually examine the ex-
pected future environment, attempting to estimate
the military threat and, from its characteristics,
determine the military needs which may have to
be met at a later time. The scientific community,
including colleges and universities, industry, and
government laboratories, are the source of new
technological advancements which may make
possible the development of needed military
capabilities previously unattainable. Long-range
planners in government, industry, and the not-for-
profit organizations4 are instrumental in evalu-
athig and bringing many of these ideas to the at-
tention of appropriate decisiomnakers.

Thus, the pattern of activities during this phase
encompasses a wide variety of unrelated, mostly
undirected research efforts, experimental develop-
ments, studies, and analy,sesundirected in the
sense of not being pointed toward. a single, spe-
cific program, but all contributing in some degree
to the fundamental purpose of the activities, i.e.,
to establish appropriate military operational goals
and supporting research and development objec-
tives. At this stage, only, a small (but an exceed-
ingly, active) fraction of the scientific and engi-
neering personnel in the aerospace companies is
involved. The activities are primarily (1) plan-
ning and staff advisory functions at the corporate
management level ; (2) rasearch and development,
often as a part of the company's independent re-
search and development (IRAD) program; and
(3) operations and systems analysis,often in sup-
port of the company's marketing activities.

Concept formulation. In many respects, the ac-
tivities of the aerospace companies are somewhat
peripheral during the period preceding concept
formulationperipheral in the sense that their ac-
tivities have not been meshed with those of the
military departments to the degree that they start
to be when the concept formulation phase begins.
For at this point, when a weapon system concept
can be perceived with some degree of clarity and
a preliminary specific operational requirement has
been established (i e '9 after the military need has
been clarified and the operational objectives form-
ulated), the interest of industry is heightened by
the possibility of obtaining a contract award for
the follow-on contract definition phase that could,
in turn, put the company in an advantageous po-

For an excellent discussion of the role played by planners in
helping formulate an idea and in gaining acceptance of it at the
highest echelons of government. see Bruce Smith's doctoral thesis
on The RAND Corp. (to be published by the Harvard University
Press, Cambridge).
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sition for obtaining the later weapon system de-
velopment contract.

The primary purpose of concept formulation,
as stated by the Department of Defense,5 is to
determine whether contract definition should be
initiated and to establish a sound basis for that
phase, should it be undertaken. As a result, the
activities of the concept formulation phase are
mostly given over to a determination ansi demon-
stration that six prerequisites have been met. In
brief, it must be shown that :

1. Engineering rather than experimental ef-
fort would be primarily required should a
weapon system development be initiated
and that there is a high degree of confidence
that the weapon system could be developed
within the scheduled time and estimated
costs ;

2. Thorough trade-off analyses have been
made of alternate missions and system per-
formance capabilities, including analyses
of the feasibility, cost, risk, and schedule
of each associated technical approach;

3. The best technical approach has been se-
lected ;

4. The mission and performance envelopes
have been defined and optimized in the
sense that the best balancehas been achieved
among all factors, including technical
feasibility and cost factors;

5. The cost and effectiveness of the proposed
system have been determined to be favor-
able when compared to the costs and effec-
tiveness of other competing Department of
Defense systems;

6. The cost and schedule estimates are credi-
ble and acceptable.

While the military department concerned
(Army, Navy, or Air Force) has the responsibility
for showing that the six prerequisites have been
met, many of the supporting studies and analyses
are performed by aerospace contractorssome-
times on a funded basis but more often not. More-
over, in addition to the technical feasibility studies,
systems and operational analyses, and cost studies
performed by industry, results from their re-
search, exploratory development, and advanced
development contracts with the military are often
used in the concept formulation phase. The gen-
eral pattern of activity within an aerospace com-
pany during concept formulation involves only a
small percentage of the scientists and engineers in
the organization. To a large extent, the task at this
point in the life cycle of a weapon system program
is to devise and analyze possible systems that
promise to provide a needed military capability.
Hall calls this twofold process "functional syn-

I "Initiation of Engineering and Operational Development" (De-
partment of Defense Directive 3200.9, July 1, 1965).

thesis" and "functional analysis." 6 In essence,
functional synthesis takes as its starting point the
desired system inputs and outputs and proceeds
within the known design and performance con-
straints to the point where the required functions
have been delineated and interrelated in an overall
system concept. Doing this for each system pos-
sibility and analyzing and comparing each con-
cept with all others provides a basis for selecting
an optimum system. Rarely, however, will two
companies agree on the same optimum system con-
cept and this, of course, is the underlying basis for
the competitive nature of the follow-on contract
definition phase.

Contract definition. The activities of the firms
participating in contract definition are devoted
basically to the preparation and performance data
on their proposed sytems, estimation of firm costs
and schedules, formulation of the management
structure for the planned weapon system develop-
ment program, ancl, in less detail, major character-
istics of the project for several years beyond the
design and development phase. Early in this pe-
riod, the scientific and engineering manpower
starts to build up slowly and, as shown in figure
A-1, the development function becomes increas-
ingly important, although primarily limited still
to analytic, or paper, design. Then, too, other or-
ganizational functions become involved on a lim-
ited scale as the companies start to refine their
preliminary development proposals, originally
prepared during concept formulation.

To some extent, the pattern of activities in the
contract defmition phase is a continuation of the
pattern followed in the preceding phase. But at
this point, where explicit and detailed reports
have to be prepared covering a wide range of spe-
cialized company operations, representatives from
the various organizational functions are required.
A typical list of the documents (often running
as high as 15 to 20 bound volumes) supplied by a
single contractor at the conclusion of contract def-
inition illustrates the depth and breadth of the
subjects covered :

1. A plan outlining the management ap-
proach and controls to be used in the
weapon system development program;

2. An engineering development plan describ-
ing the engineering design and develop-
ment tasks;

3. A plan detailing the approaches to be used
in achieving the required reliability goals;

4. A plan detailing the procedures to be fol-
lowed in meeting system maintainability
requirements;

Arthur D. Hall, A. Methodology for Systems Engineering
(Princeton : D. Van Nostrand Co., Inc., 1962), pp. 111-113.
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5. A quality control plan defming specific
methods and procedures to be used m en-
suring product integrity ;

6. A manual establishing a PERT/COST
Control system for the proposed program ;

7. A manufacturing plan outlining the o_p-
proach to the fabrication, assembly, and
manufacturing test of the proposed. sys-
tem;

8. A logistics plan delineating requirements
for spares, handbooks and manuals, cus-
tomer personnel training, and field main-
tenance and service;

9. Detailed plans and schedules covering all
elements of the proposed development
program;

10. A detailed test plan covering planned
testing activities in the contractor's plant
and in the field

11. A plan specifying the program that -will
be followed in establishing uniform and
adequate specifications;

12. A plan to emphasize the application of
design principles for maximum system
operating safety;

13. A. plan identifying the value engineering
approaches to be used in ensuring that
sound economic trade-offs are used from
design inception through field operation;

14. A configuration control plan to ensure an
integrated system design.

Using the proposals of all participating con-
tractors, consisting of documents such as these
and often others of a more specialized nature
the military department concerned formulates a
project plan. Negotiating around the contents of
this plan, the military department awards one or
more definitive contracts, and at this point the
design and development of the weapon system is
undertaken.

Design and development. Where, until now, at-
tention has primarily focused on the determination
of needs and how they might best be met, at this
ponit m the life cycle of the program the emphasis
shifts to the engineering, fabrication, and test of
the weapon system. The engineering manpower
loading starts rising sharply and, by now, the de-
velopment functions begin to predominate. Con-
currently, as shown in figure A-1, the develop-
mental test, manufacturing, procurement, quality
assurance, and customer service functions assume
an increased importance. The research and engi-
neering function, previously concerned with the
planning and initiating of the program, now starts
to look more and more like an evaluating, support-
ing, and coordinating function of the program
director's office.

At the outset of the design and development
phase, the program director and his staff spend a
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great deal of their time making arrangements to
man the project, coordinating the preparation of
detailed plans and schedules, and to serve both as
a basis for customer and subcontractor negotia-
tions and for work statements from which detailed
task assignments can be prepared. The wide range
of highly complex, and at times seemingly unre-
lated, activities which result very quickly involves
a large part of the company's capability.

In the early weeks of the project, before the im-
position of a "design freeze"i.e., before the time
when further design changes are executed only
through an elaborate review and approval pro-
cedure and normally only on a manufacturing lot
basisthe interactions among the large number of
subsystem designs give rise to serious interface
problems and numerous design iterations. But
as the project progresses, tests of yet unproved
parts of the system confirm theoretical designs;
computer simulations verify early performance
assumptions; and full-scale system mockups pro-
vide solutions for subsystem packaging, installa-
tion, and interconnection problems. And in a
matter of months, a coordmated and integrated
system design emerges in the form of several hun-
dreds of engineering drawings that will be used to
fabricate a number of developmental systems
which will underg.o a succession of tests, culmi-
nating in the flight test program.

Meanwhile, as the design evolves, production
planners become increasingly involved, examining
and analyzing each design release, to extract tool-
ing, manufacturing and assembly, production
testing, inspection and quality control, and other
information important to the production phase
of the program. Plant engineers commence work
on preliminary floor layouts of available manufac-
turing areas. And as the design and development
phase enters its flight test stage, if the decision has
been made to proceed with system acquisition, the
life cycle of the program reaches the point where
the production phase and development and design
phase start to overlap.

Production. While at this point the develop-
ment function still predominates, its scientific and
engineering components have once again begun to
change as a greater percentage of the activity now
becomes devoted to the flight test program, design
improvement changes, and technical support of
other functional divisions such as manufacturing,
quality assurance, and customer service. The re-
search and engineering function, although continu-
ing to encompass the clay-to-day staff duties in
support of the program director, begins to shift
an increasing amount of its attention to the period
beyond the current program. Looking to the pos-
sibility that new technological developments could,
if incorporated, provide new or greatly nroved
operational capabilities, the program offi(-P, an.der-
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takes and completes advanced system studies dur-
ing this period. New missions for the system being
develmecl are explored. And, in many respects, a
smail part of the research and engineering func-
tion start-s tn have the eh nrn cteristics it formerly
possessed during the concept formulation and con-
tract definition phases.

In its simplest form in the aerospace industry,
serial productioni.e., manufacturing a series of
nearly identical systems using production tooling
and processesgenerally breaks down into the
fabrication of detail parts, assembly of the parts
into subassemblies ancl assemblies, fabrication of
the aLrame, final assembly operations, and in-
spection and test. By far the largest engineering
component in the manufacturing process is con-
cerned with inspection and test (including quality
assurance), and, while the largest percentage of
the activity is devoted to the preparation of manu-
facturing inspection and test iarocedures, very
often engineers from the research and engineering
and development functions will initially inspect
and test the first production systems and subsys-
tems. At the same time they are often occupied
with the organizing and trairing of manufactur-
ing inspection and test personnel.

As the production phase proceeds, manufactur-
ing, quality assurance, and customer service func-
tions more and more tend to displace the scientific
and engineering components of the program. The
engineering manpower which started to increase
sharply at the inception of the development _phase
now starts to fall, although at a slower rate than it
previously increased. By the time that the first
operational system is delivered, many of the devel-

opment engineers, designers, draftsmen, and en-
gmeermg support personnel have been transferred
to new assignments, some possibly to production
engineering activities. The production phase and
the acquisition and operation phase of the program
start to overlap, the flight test program enters the
operational test and evaluation period, and, in a
matter of months, the cognizant military command
has gained an initial operational capability.

Acquisition and operation. In the life cycle of a
large-scale weapon system program, in which the
elements of change are almost always present,
great difficulty is usually experienced in trying to
establish just where the program is concluded.
The Titan I program, for example, merges into the
Titan II program. The Titan II becomes the
Titan III program, and so on. Then, too, where
a weapon system program is originally established
under a project organizational arrangement that
draws support from appropriate divisions within
the company, it often eventually becomesbecause
of its size and lifetimean operating division of
the company itself. Consequently the tendency to
maintain the organization, to find new assignments
within it to occupy the time of its scientists and en-
gineers, grows. Thus, even during the acquisition
and operation phase, some small scientific and en-
gineering components persist in the program.
Still, by this time, the utilization of scientists and
engineers in the program as it was originally con-
ceived has reached nearly negligible proportions.
From this point of view, the life cycle of the pro-
gram is essentially complete.
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Background Data of Aerospace Industry Personnel Participating in the California
Studies

Background data on study personnel were ob-
taMed by two methods. The first method, used
-with three of the four companies, was to interview
the study personnel. Because the fourth company
preferred it, the second method was to submit ques-
tionnaires to its employees and ask them to com-
plete and return them by mail. All were asked
questions in the following areas :

1. Their educational and work backgrounds.
2. Possible reasons for their having been

placed on the study team.
3. What problems they encountered in their

study.
4. The fields in which additional education or

training appeared desirable to them should
they continue work in the study areas.

5. What they felt the possibilities were for
the aerospace industry in the area of their
study.

The background data obtained by these two
methods are presented in tables B-1 through B-9.
On most questions there were some who gave no
answer, and for the questions on which tables B-5,
B-6, and B-7 are based some gave more than one
answer.

TABLE B-1. FORMAL EDUCATION OF STUDY PERSONNEL

Field of degrees
or study

Last
degree
(or area
studied

if no
degree)

Some
college,
but no
degree

Bach-
elor's
degree

Master's
degree

Doctor's
degree

Education. 2 1 1 1
Business adminis-

tration and engi-
neering manage-
ment 12 1 6 5 1

Law 1 11
Political science 3
Military science 1 1

Economia 1 1 2 1

Psychology 6 5 5 2
Biology 1

Biochemistry 1

Chemistry 1 3 1
Physics a 3 1

Mathematics a 1 3 2 1

Electrical engineering.. a 4 2
Aeronautical engi-

neering 1 1
Mechanical engi-

neering 6 7 4
Civil engineering a a 1
Chemical engineering. 2 2 1

Naval engineering 1

LL. B.

TABLE B-2. DISTRIBUTION CF STUDY PERSONNEL
ORGANIZATIONAL FUNCTION

BY

Organizational function
Latest

function
engaged

Total past
and present

function
experience

General administration 6 12
Research and engineering 30 31
Development 14 23
Developmental test 3
Manufacturing 3
Procurement
Quality assi.rance 1
Customer smice 3 6

I Before the present study.

TABLE B-3. DISTRIBUTION OF STUDY PERSONNEL ACCORDING
TO LENGTH OF TIME THEY HAVE WORKED FOR THEIR
PRESENT COMPANY

Number of personnel
Years at present company members

1 2
2 3
3
4 1
5 3

7
8
9

3
3
4
2

10 1
11 2
12 o
13 o
14 o
15 1
16 1
17 o
18 1
19 o
20 1
21 o
22 1

TABLE B-4. DISTRIBUTION OF STUDY PERSONNEL ACCORDING
TO AGE

Number of jJersonnel
Age members
28 1
29 2
30 o
31 2
32 a
33 1
34 1
35 2
se 2
37 8
38 2
39 2
40 1
41 2
42 8
43 8
44 2
45 3
46 o
47 1

1
o

48
49
50 0
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TABLE B-4. DISTRIBUTION OF STUDY PERSONNEL ACCORDING
TO AGECOntillued

Number of perdonuel
Age Aembers

TABLE B-7. FIELDS IN WHICH STUDY PERSONNEL WOULD
DESIRE ADDITIONAL STUDY IF CONTINUING WORK IN
AREA OF CALIFORNIA PROJECT

51
52
53

1
0
0

Field of additional study

54 0
55 o Technological
56 o Nontechnologimil
57 o Technique I
58 o Other
59 o None60-- 0
61 0
62_
63

0
1

Typing, interviewing, etc.

TABLE B-5. REASONS STUDY PERSONNEL THOUGHT THEY
WERE PICKED TO WORK ON STUDY

Reasons given
Number of
personnel
members

Experienced in the area
Experienced in an area needed for study
Interviewee requested to be on project
Between projects
Knew project leader _
Other I

8
20

8
6
4
5

11. Acquaintanceship with another member of the tealli.
2. Possession of graduate school training.
3. For communication between the study group and the administration

personnel.
4. His outside interests.
5. Hard worker.

TABLE B-6. AREAS IN WHICH STUDY PERSONNEL
ENCOUNTERED PROBLEMS ON CALIFORNIA STUDY

Problem areas Number

Need of additional technical knowledge about field
Need of additional nontechnical knowledge about field
Requirement of new techniques I
Other 2
No problems

11
6

Tyning, interviewing, etc.
1.-Irhe lack of central agencies makes the research difficult.
2. Some research data are difficult to locate.
3. Has not been on job long enough to know.
4. Time is short for the magnitude of the project.
5. More specific requirements and definition of problem are needed.
6. The State people do not know what they want.
7. A more specific statement of the overall study objective is needed.

Number

18
11
3
0
7

TABLE B-8. DISTRIBUTION OF STUDY PERSONNEL AC-
CORDING TO PERCENT OF TOTAL TEAM MEMBERS THEY
HAD PREVIOUSLY WORKED WITH OR KNOWN

Study personnel
Percent of total team members

0-10 10-20 20-30 30-40 40-50 50-60 60-70

Number who had known
the corresponding percent...

Number w ho bad worked
with the corresponding
percent

11

14

6

6

9

9

2

2

5

4

1

0

2

1

TABLE B-9. DISTRIBUTION OF STUDY PERSONNEL AC-
CORDING TO OPINION ON FUTURE POSSIBILITIES FOR
AEROSPACE INDUSTRY IN THMR STUDY AREA

Opinion of future for aerospace industry

Good
Poor
Other I
Do not know

Number

22
2
5
2

11. Fair.
2. Only 10 percent of employees qualiftedothers too specialized.
3. Maybe.
4. Would need to hire some different peoplemore social scientists.
5. Maybe.
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Proposed California Study Tasks 1

The following study tasks were proposed by
three areospace companies in response to the State
.1 California's requests for proposals.

Waste ManagementAerojet-General Corp.2

Task 1Characteristics of a Representative
Taste-Management Region: Establish the basic
waste-management characteristics of a representa-
tive region.

Task 2Performance Requirements: Establish
the specific waste characteristics that the waste-
management system (s) under study must receive,
handle, process, and discharge. This activity ac-
counts for the effects of interfaces with other prob-
lem areas.

Task 3Definition of Other Regions: Provide
the information needed to predict future equip-
ment and construction costs.

Task 4Cost-Eff ectiveness Criteria: Establish a
criterion for selection of systems, based upon cost-
effectiveness or similar worth criteria.

Task 5Current Processes and T echniques : Ob-
tain, organize, and screen a body of data which
describes the performance capabilities and cost of
waste-system equipment.

Task 6Design for Representative Region:
Produce a long-term construction and equipment
plan for the specified waste-management region.

Task 7Typical System Plans for Remaining
Regions: Prepare a gross construction and equip-
ment plan for each remaining region within the
State.

Task 8Analytic and Data Handling Proce-
dures: Specify the requirements for computer pro-
grams needed to implement the development
program, and establish a conceptual design for a
data acquisition, storage, and retrieval system.

Task 9Functional Description of a Coordina-
tion Agency: Provide an organization and long-
term personnel plan for a coordinating agency.

Task 10Cost Projection: Estimate the dollar
resources needed for waste management in future
years, and consider appropriate dollar sources.

1 The proposed task breakdowns for only three of the four
studies were made available.

* "Waste Management System StudyA Proposal to Depart-
ment of Finance, State of California" (Aerojet-General Corp., Von
Kerman Ceter, Dec. 1964), PP. 31-32.

206-74---66vol. V-10

Task 11Needed Legislation: Report implica-
tions of the optimal system upon relevant laws and
regulatory procedures.

Task 12Research, Development, and C anemic-
tion Projects: Identify and establish the scope of
proposed research, development, and construction
projects needed to fill gaps in waste-management
technology, and prepare specific prototype pro-
posal requests.

Information SystemLockheed Missiles &
Space Co:

Task 1Perform a system analysis of 18 func-
tional areas, including all State agencies, special
State units, local governments, ane.. various private
enterprises. The work will be

Survey agency and department objectives
and relationships within and between or-

anizations
etermine information requirements,

sources, costs
Evaluate the present system in. terms of ef-

fectiveness criteria to be developed
Forecast present and future information

and capability needs.
Task 2Develop the conceptual uesign of a

statewide information handling system based upon
information gathered in the system analysis phase :

Synth.esize general objectives and require-
ments of a statewide system

Review statement of objectives and require-
ments with affected State organizations

Develop information flow and departmental
interfaces

Evaluate equipment capabilities against re-
quirements of the system and develop an
equipment plan

Evaluate the system in terms of the effec-
tiveness criteria such as cost, accuracy, time
span, suffic-;ency, etc.

Task 3lDevelop an implementation plan :
Determine the best timing sequence to ef-

fect system design, methods of financing,
and development and operation

Develop building-block phasing of subsys-
tem development

I "Proposal for State of California Information System Study"
(Lockheed Missiles & Space Co., Dec. 18, 1964), p.
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Propose financing of development through
participation by Federal, local govern-
ments, and industry.

Transportation SystemNorth American
Aviation 4

T ask 1The transportation system of the State
and its major elements were to be defined. The
major factors which influence the operation of the
system were to be described, and the interrelation-
ships between the influencing ff 's 9nd the ele-
ments of the transportation 2 were to be
established.

Task 2A survey was to by yle to appraise
the present state-of-the-technical-arts in fields
which either directly or indirectly influence the
performance or location of (or requirements for)
transportation and to extrapolate from this base
to possible general state of these technical arts 30
to 50 years in the future.

Task 3An inventory was to be made to deter-

'Letter (William H. Bender, Program Manager, California
Transportation Study, to Ronald P. Black, Analytic Services Inc.,
:July 27, 1965).

mine what information or data were available,
what additional data would be needed for the
actual systems analysis study (it should be re-
membered that this was a study of how a study
should be performed), and how these data could
be obtained..

Task 4An appraisal was to be made of the
applicability rvf cerictino matboriolooies to a chta-
based, systems analysis study of California trans-
portation.

T ask 5A "blueprint" was to be drawn which
defmes or describes the m: thodologies, analytical
flow, inputs, outputs, crossover, computations, etc.,
as well as the nonquantitative judgments that need
to be applied to a data-based systems analysis
study of state transportation.

T ask 6A very simple, elementary scenario was
to be formulated for the purpose of testing the
analytical "blueprint" or design.

T ask 7The complete design of the study pro-
gram was to be finished by fixing its sequence and
time phasing of the elements, costing the effort of
the actual study, recommending a concept for the
management of the study, and describing any
other needed administrative considerations.
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Technological Change as It Relates to Air Pollution

I. Technological Change as a Cause of Air
Pollution

While it is probable that the new technologies
when fully appliedare capable of satisfying our
unmet need for cleaner air, there is no doubt at all
that technological change is primarily responsible
for the gravity and present nature of the problem
of air pollution.

To be sure, there was air pollution -when the eyes
of our cavemen ancestors retcldened and wept from.
the smoke of the big bonfires which they used not
only for heating and cooking but also to ward off
the terrors of the night. And the stench from a
prehistoric kitchen midden must have been noi-
some heyond our own imaginin.g or enduring.
But it was not until the Industrial Revolution and
the start of our ever-increasing combustion of
fossil fuels that air pollution in the modern sense
began to blacken the air of our cities and the lungs
of our citizens.

The next big magnifier was the inventionand
phenomenal proliferation in this countryof the
internal combustion engine. Now the fumes from
some 80 million motor vehicles are added to those
from the stacks of our factories and powerplants.

Then came the technological "explosion" of the
past two decades. During and following World
War II, new processes created new kinds of chem-
ical pollutantsoften invisible and odorlessfar
faster than their power for harm could be ac-
curately assessed. Tomorrow, there will be many
more.

Already the pollutants which soil and spoil our
vital air resource have increased faster than any
other hazard of our modern environment. And
unless the same technological skills which have
given us the many new amenities of modern li-v ag
are promptly and effectively directed toward
curbing this ugly byproduct of our technological
progress, it threatens to exact an more ex-
orbitant toll on public health and welfare.

IL Nature and Sources of Air Pollution

Air pollutants may be solids such as dust or soot
particles, liquid droplets such as sulfuric acid mist,
or gase i such as sulfur dioxide, carbon monoxide,
hydrogen sulfide, and the oxides of nitrogen.
They include metallic fumes and dusts from lead,

vanadium, arsenic, beryllium, and their com-
pounds, and fluorine and phosphorus compounds.
In addition, new pollutants are created in the air
by the interaction of these and other substanctm
under the influence of sunlight. This is the origin
of so-called photochemical smog, which is suffused
with ozone, a highly irritant gas.

Although they overlap, air pollution sources
may conveniently be classified as: (1) Industrial
and. commercial, (2) municipal, (3) transporta-
tional, (4) agricultural and natural, and (5)
individual.

The first group is not limited to the effluents
from the stacks of "big industry," exemplified by
oil refineries, powerplants, steel mills, and other
large factories i it also includes pollutants from
sun commercial sources as drycleaning and
restaurant kitchens, which make up by their
greater numbers for their smaller size. An in-
creasingly important industrial source is the chem-
ical industry. If manufacturing processes which
use chemicals are included as well as those which
manufacture chemicals, they produce a large frac-
tion of all the goods in modem commerce, and it is
M this area that the new technology has had its
greatest impact.

Municipal sources include the burning of auto
bodies, waste from building demolition, and city
dumps; cement mixing, and asphalt-paving opera-
tions ; and municipally owned powerplants.

Transportational sources include not only the
exhaust pipes, carburetors, crankcases, and gas
tanks of automobiles, trucks, and buses, but also
the jetstreams of modern aircraft and, in some
localities, smoke and soot from river, lake, and
ocean vessels.

Volcanoes, forest fires, and dust storms are
largely of natural origin, although the last are
aggravated by man's road building and agricul-
tural activities. Such airborne substances ac pol-
lens, spores, rusts, and strietsknown as aeroal-
lergens because they cause allergic responses in
sensitized individualscome in part from natural
vegetation and in part from cultivated crops.
Other agricultural activities which may pollute
the air are the seasonal burning of stubble, the
handling and storage of grain, and the spraying of
crops and forests with pesticides.

Individuals are involved, of course, in nearly all
the sources so far mentioned, and particularly in
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the operation of their family cars. Other indi-
vidual sources, important because they are so
numerous, include home and apartment house
heating plants and incinerators and the backyard
burning of leaves and trash.

In a special separate category are radioactive
materials in the air, which may become more im-
portant with the increasing use of atomic energy
for industrial and power purposes.

III. Extent and Distribution of Air Pollution

How far do all these pollutants travel? Be..
cause the sources are now so widespread (with the
motor vehicle practically ubiquitous), this question
may not be of primary importance any more. But
the forests in the Great Smokies are apparently
being damaged by pollutants emitted by Tennessee
Valley Authority installations in Knoxville and
Chattanooga, and in at least one authenticated case,
aerial contaminants originating in Texas and
Oklahoma were identified in Cincinnati after
traveling over 1,000 miles. Certain it is that they
cross freely municipal and State and national
boundaries, thereby greatly complicating legisla-
tive and administrative measures for controlling
them.

Of even greater significance is the sensational
spreadmostly withm the last 25 years of the
air pollution problem to more and more cities, to
smaller cities, and to rural areas, where its dam-
ages to crops and livestock are causing more con-
cern than its possible harm to humans. First at-
tacked as a smoke problem in our largest and most
industrialized cities, then as a smog problem
thought at first to be limited to southern Cali-
fornia, air pollution now affects every American
State, definitely including Alaska and Hawaii.

A 1961 study indicated "major" air pollution
problems in 308 urban places, an increase of 81
m a single decade. About 7,300 American places,
including all cities of 50,000 or more and account-
ing for 60 percent of the Nation's population, are
faced with air pollution problems of greater or less
severity.

The continuing movement of an ever larger per-
centage of the population into urban areas has
concentrated the discharge of waste products into
a very small proportion of the atmosphere, thereby
intensifying the problem of air pollution. By
1960, 53 percent of the people were living on less
than 1 percent of the country's land area. This
trend results in the exposure of more and more
people to more and more pollution without any
corresponding increase in their available air
supply.

In addition to growing population and urbani-
zation, other factors which tend to increase the
magnitude of air pollution include growing in-
dustrialization to provide for our ever-rising

standard of living and growing per capita de-
mand for power and transportation. This in-
crease is more than proportional, because each of
those growth factors reinforces the others. Al-
ready unclean air has become a maj,r economic,
esthetic, and public health problem that affects
practically every American locality and citizen.

nr. Economic and Social Effects of Air Pollu-
tion

Most often overlooked in any catalog of the
money losses chargeable to air pollution is the
enormous wastage of fuel and sacrifice of efficiency
associated with it. Yet in cold dollars and cents,
this is probably the costliest of all the economic
effects of air pollution. Whenever we see a dense
black plume rising from a chimney or jetting from
the eaust pipe of a motor vehicle, it is prima
facie evidence of incomplete combustion. The
fuel, whether coal or gasoline, is not providing the
full measure of heat or power of which it is ca-
pable. Considering that not only every factory
and powerplant chimney and every motor vehicle
of every kind but also the space heating require-
ments of every home and store and public building
in the land contribute to the total, the annual dol-
lar cost to the Nation in wasted fuel alone, while
incalculable, undoubtedly runs into the billions.

One of the visible results of incomplete combus-
tion, soot, is also responsible for much of air pol-
lution's soiling effect. As President Johnson em-
phasized in his message to Congress of February
8, 1965, on the natural beauty of our country, air
pollution destroys beauty. Our esthetic senses are
affronted first of all simply by the dirt in the air.
It not only soils the clothing we wear and the
laundry on the line, our rugs and draperies, the
paint on our houses, and the finish on our cars;
it also mars the beauty of our buildings, our monu-
ments, and even rare books and priceless works of
art in our libraries and museums. As the Presi-
dent mentioned in his message, not even the White
House is iinmune. Some air pollutants further
affront our senses by th r acrid or nauseow lors.

Air pollution also decays and corrodes. Certain
air pollutants have caused nylon stockings to dis-
integrate, turned white housepaint black almost
overnight, crumbled the marble in New York's
City Hall, and decayed the solid stonework in
London's Houses of Parliament.

Man-Made Darkness and Gloom

Reduction of visibility and sunlight is another
of the adverse effects of air pollution. As long
ago as 1927, a Public Health Service study in New
York City showed that loss of light due to smoke
was sometimes greater than 50 percent, and
throughout the entire year almost a quarter of the
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sunlight was lost. It has been reported the Chi-
cago's sunlight is reduced by 40 percent because
of air pollution. Besides increasing lighting bills
and mak.ing transportation hazardous, darkness in

_vlight generates gloom.
Materials discharged to the air also significantly

alter the climatic conditions of urban areas. It
has been estimated by the Weather Bureau that
in winter there is 100 percent more fog in a city
than in a geographically similar rural environ-
ment_ Dust particles are many times greater, as
are the levels of sulfur dioxide and carbon mon-
oxide. Ultraviolet radiation in winter is 30 per-
cent less in the city than in the country; it is cloudy
5 to 10 percent more often.

At the very least, the palls hanging over our
metropolitan areas have a depressing psychological
effect. But they also have important sociological
effects: They cause a general loss of community
pride, depreciate property values, lead to wide-
spread deterioration of neighborhoods, and dam-
age a city's reputation.

Obviously, air pollution limits the suitability, of
our urban environments as places of recreation.
But its damages to flowers, ornamental shrubs, and
trees are not confined by city limits. When ozono
blights a pine forest, it may not only destroy indus-
trial resources but also ruin the forest for vaca-
tioners and sportsmen. The contraction of the
horizon by curtains of smog that can slow up or
cancel air flights can also spoil the tourist's view
of a natural wonder.

Damages to Vegetation

Agricultural losses alone in this country because
of air pollution, including damages to livestock as
well as to grrowing crops and other plants and
trees, are estimated at approximately $500 million
a year. While this may be no more than 4 or
5 percent of the total economic damage attributed
to contaminated air, it deserves emphasis for at
least two reasons: (1) Until recently, air pollution
has been thought of, and dealt withor ignored
by many lawmaking bodies as if it were exclusively,
an urban problem; and (2) evidence of its harmful
effects on more and more kinds of vegetation and
in more and more localities is accumulating with
exceptional rapidity.

Earliest pollutants to be recognized as harmful
to vegetation were sulfur dioxide, ethylene, and
fluorides. Much more recently, increasing impor-
tance has been attached to photochemical air pollu-
tion; its typical toxic components are oxidants
resulting from the photolytic reaction of nitrogen
oxides and hydrocarbons in the presence of sun-
light, especially ozone and peroxyacetyl nitrate,
or PAN.

New and important types of crop damage are
resulting from emissions from motor vehicles, from
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air pollution associated with our expanding urban
development, and from stack gases from new
dustrial processes and from older ones which use
fossil fuels at rates far beyond those of 15 years
ago. Particulates as well as gases can be harmful
to vegetation, too.

Of a wide variety of plants damaged by sulfur
dioxide, the most sensitive are alfalfa., barley, en-
dive, sweet peas, cotton, and coniferous trees,
although many other vegetables and flowers are
also adversely affected. Species highly sensitive
to fluoride pollution include corn and many fruits
and flowers; damage to citrus fruits and to gladi-
olus has been especially notable. The most spec-
tacular damage by ethylene from industrial
sources has been to cotton, and by ethylene from
motor vehicle exhausts to orchids. Grape leaves
and tobacco are especially sensitive to ozone, al-
though damage to cereal crops, ornamentals, vege-
tables, and indigenous vegetation is also indicated.
PAN affects especially citrus and salad crops and
ornamentals. Oxidant damage is also considered
partly responsible for destroying ponderosa pine
in the mountains of the West and damaging east-
ern white pine. Many fruit and shade trees,
especially in and near cities, are damaged by air
pollutants.

Photochemical air pollution, first noted in. south-
ern California, is increasing rapidly in frequency,
severity, and geographical spread. Typical smog
and ozone injury to plants has been found in most
of the major metropolitan areas of the United
States. Its manifestations have now been reported
in urban and adjacent rural areas in 27 States,
the District of Columbia, Canada, and Mexico.
The entire coastal area from Washing. ton, D.C.,
to Boston has come to rival southern California for
extent, severity, and economic loss to agriculture
because of photochemical s...aog.

"Hidden" Costs Contribute to the Huge Total

As indicated earlier, air pollution also accel-
erates the deterioration of materials, structures,
and machines of all kinds. This, in turn, greatly
increases maintenance and replacement costs.
Metals corrode, fabrics weaken and fade, leather
weakens and becomes brittle, rubber cracks and
loses its elasticity, paint discolors, concrete and
buildihg stone discolor and erode, glass is etched,
and paper becomes brittle. Even when only soil-
ing of materials is involved, the removal of the
deposited grime is often costly and shortens the
life of the materials.

Estimates of economic losses due to air pollution
are often overly conservative. Rarely are the costs
identified for using expensive materials that are
resistant to pollutants in place of cheaper materials
that would be satisfactory in clean air. For exam-
ple, gold and other precious metals are widely used
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for electrical contacts because of their low chemical
reactivity. The present cost of gold used annually
in the United States for electrical contacts is ap-
proximately $15 million. If silver could replace
gold, the saving would be $14.8 million, based on
equivalent volumes of metal. The value of signal
transmission hardware (printed circuit boards,
telephone relays, etc.) which contains ens:iron-
ment-exposed electric contacts manufactured in the
United States runs into hundreds of millions of
dollars a year. In addition to gaseous pollutants,
dust can degrade metals chemically as well as
mechanically.

The cost2 because of air pollution, of replacing
or protectmg precision instruments and other
equipment affected by pollutants is great and
growing. The complex and expensive control sys-
tems which are becoming so commonplace in mod-
ern technology can be ruined or seriously damaged
by the corrosive action of gaseous pollutants or 'by
deposited dust. To prevent such damage, many
industriesfor example, those engaged in the
manufacture of high-precision components for
telecommunication or space vehiclesmust clean,
at considerable expense, air admitted to plants.
So too must many makers of foods, confections,
beverages, and other goods for which the utmost
cleanliness is a requisite.

While exact data are not available on the full
extent and total cost of air pollution's damage to
property, various cost estimates have been made.
The one most Ireguently used is $65 per capita
per year, representmg anannual cost to the Nation
of over $12 billion. It is clearly evident that the
dollars-and-cents cost alone is far greater than the
amounts devoted to the abatement of pollution by
industry and all levels of government combined.

Adverse Health Effects Have Economic Implica-
tions Too

The adverse effects of air pollution are usually
considered as of three general kinds : Economic
effects, social effects (esthetic, psychological, and
recreational), and health effects. But there is a
great deal of overlap among these. For example,
the civic edifice or memorial soiled or corroded by
sulfurous pollutants in the air must be expensively
renovated . . . or remain an eyesore until it re-
duces nearby property values and hastens the de-
terioration of a neighborhood. And illness and
absenteeism because of pollution-induced respi-
ratory disease involve the patient's money as well
as his health.

There is ample evidence today that contami-
nated air can aggravate our illnesses, deplete our
strength, and shorten our lifespan. Most pub-
licized have been the acute episodes iii which ex-
ceptionally high concentrations of pollutants

brought sudden death. Three which have been
intensively studied were in Belgium's Meuse Val-
ley in 1930; Donora, Pa., in 1948; and London in
1952. A similar episode in New York City in 1953
was not recognized until a study of vital statistics
9 years later revealed that there had been some 200
deaths in excess of normal during a brief period
of weather stipation with unusually high levels
of sulfur dioxide and smoke. The most recent
such episode on a large scale was the London smog
of December 1962. Largely because of the inter-
vening passage in Britain of a Clean Air Act,
deaths officially attributed to this cause numbered
only about 750, as against 4,000 in the 1952 Lon-
don smog. Ln all these acute episodes, it was the
aged and infirm, and especially the respiratory
cripples, who were likeliest to be struck down.

Sensational and tragic as such disasters are, we
are even more concerned with the slow, insidious
effects of long-eontinued exposure to much lower
concentrations of air pollutants, concentrations
such as those which prevail constantly or recur
frequently in most of our cities. These prolonged
exposures to airborne toxic substances may pro-
duce many health effects, but our primary interest
centers on the respiratory system through which
these poisons can enter the body most easily. The
report of the Health Panel at the 1962 National
Conference on Air Pollution was positive and
unequivocal on this point. "The evidence," it con-
cluded, "that air pollution contributes to the
pathogenesis of chronic respiratory disease is
overwhelming."

This evidence applies to at least six different
respiratory ailments. They are (1) nonspecific
infectious upper respiratory disease, including the
common cold, (2) chronic bronchitis, (3) chronic
constrictive ventilatory disease, (4) pulmonary
emphysema, (5) bronchial asthma, and (6) lung
cancer.

Actually, the cost of pollution-induced illness,
including absence from work, may constitute the
most significant economic loss of all, even though it
may never be possible to estimate this loss in dol-
lars and cents.

The Cost of EffectiveControls

Frequently included in estimates of air pollu-
tion's economic costs are expenditures by govern-
ment and industry for air pollution control. This
is a good deal like hicluding the cost of firefighting
equipment in estimates of damages by fire, an,
seems highly illogical. For every dollar investea
in control measures should be expected to reduce
the money losses due to air pollution by much more
than a dollar.

Certain it i3 that current expenditures by both
government and industry are grossly inadequate in
relazion to the needs.
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On the State government level, for example,
only 24 States have legislation authorizing any
kind of State program for air pollution control.
In 1961, local agencies which operated control pro-
grams were spending on them an estimated 10 to 12
cents r,er capita annually. Thanks largely to the
stimulus provided by Federal financial assistance,
these figares have now climbed to about 22 cents
per capita. Experience suggests, however, that
communities of 50,000 or more population should
be spending from 40 to 50 cents per person per year
in order to maintain air pollution control programs
capable of doing the job. At the Federal level,
appropriations for fiscal year 1966 for all pur-
poses, mcluding research, total a little over $26 mil-
lion; to meet foreseeable needs and provide for
specific Department of Health, Education, and
Welfare plans, this figure would need to rise for
fiscal year 1970 to $67.5 million.

Estimates by the National Association of Manu-
facturers indicate that industry is currently spend-
ing at the rate of $500 million a year for air pollu-
tion control. This is being spent, however, by
comparatively few polluting industries and in
comparatively few localities. In the view of ex-
perts this amount could well be tripled without
inflicting any serious hardship on industry or ex-
acting too high a toll from the public, which in the
long run would have to foot the bill.

The maximum suggested expenditures for gov-
ernment and industry combined would not exceed
$10 per capita per year for our present population.
That compares with the estimated $65 per capita
per year which air pollution imperfectly con-
trolled is now costing us . . . anci for which the
public is already footing the bill. This figure cer-
tainly could be substantially reduced if only our
present technical know-how were applied effective-
ly at the manifold sources of pollution.

V. Current Status of Air Pollution Control

Ten years ago, when the Federal program was
initiatecl, a prime prerequisite for air pollution
control was more exact lmowledge of the kinds,
quantities, and movements of pollutants in the air.
During the past decade we have learned a great
deal about all three.

The National Air Sampling Network, operated
by the Public Health Service and using improved
sampling and analytical equipment which the Pub-
lic Health Service developed, has accumulated ex-
tensive data on the amounts and chemical compo-
sition of particulates in the air of some 250

localities, rural as well as urban. At some 50 of the
stations several common gaseous pollutants are
measured, including nitrogen dioxide, sulfur di-
oxide, and oxidants. These, plus nitric oxide, car-
bon monoxide, ozone, and total hydrocarbons, are
sampled more extensively with continuous record-
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ing equipment at stations located in eight of our
largest cities.

Advances in meteorology have provided better
understanding of the forces which promote or re.-
strict the dispersal of contaminants and the limi-
tations of the atmosphere's ability to dilute pol-
lutants. Its total mixing or absorptive capacity
over broad geographic regions is of great impor-
tance in helping to determine the adequacy of
pollution control.

Techmological Control Measures Available

While further research will increase their ef-
ficiency and reduce their cost, effective technologi-
cal control measures are now available for many
types of air pollutants. Particulate pollutants
can be removecl by devices which employ princi-
ples ch filtration, electrostatic precipitation, or
centrifugal force. Principles used for reducing
gaseous pollutants include liquid scrubbing, vapor
recovery, combustion, and solid adsorption. Both
kinds can often be reduced by better plant design,
better operating procedures, and better mainte-
nance of equipment.

Solutions also exist for many important non-
industrial sources of air pollution. Open burning
of eity dumps, leaves, scrapped automobiles, in-
sulated wires, battery cases, and tiresas well as
inadequate municipal incineratorscan. be con-
trolled. And while limitations on permissible fuel
quality, improved stoking and combustion equip-
ment, and education as to proper firing practices
may be rAquired, smoke pollution from domestic,
commercial, and industrial incinerators, boilers,
and heating systems can also be largely eliminated.

In fact, although two important exceptions are
reported below (major unsolved technical prob-
lems), the technical know-how exists today to deal
with the great majority of pollution sources.

Current Efforts by States and Comsmities

There were in 1964 28 States with air pollution
programs which involved expenditures of $5,000

per year or more. This compares with 17 States
in 1961. Funds expended for air pollution con-
trol also increased from $2,037,700 in 1961 to

$3,572,550 in 1964, a rise of 75 percent. But even
now, many State programs have funds which are
grossly inadequate for the programs needed.1

California has set up a comprehensive program
for regulation of emissions from motor vehicles.
California, Oregon, and Colorado have adopted
certain limited standards for ambient air quality,
and New York plans to do so. In 17 Stateswith
major assistance in most cases from the U.S. Pub-

1 Both State and local expenditures have been substantially
increased ns a result et the new Federal program grants made
under the Clean Air Act.
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lie Health Servicestatewide surveys have been
conducted. In most States, primary responsi-
bility for enforcement of control regulations is
vested in cities or counties. In 16 cases, the State
agency is also authorized to enforce regrulations,
but enforcement activities in most of these have
been minimal. In these same States, local pro-
grams are also authorized.

According to a 1961 report, there were then 86
local air pollution control programs which spent
$5,000 per year or more. Only 34 of these spent
as much as $25,000 per year. Total 1961 expendi-
tures were $8,200,000, of which California ac-
counted for more than half. Between 1952 and
1961, except for California, personnel in all local
agencies increased by about one-third, apprord-
mately equivalent to urban population growth for
that period.

More recent data are incomplete but, in general,
agencies which were operating in 1961 were con-
tinuing to operate in 1964 at about the same level.
Chicago, however, had increased its budget by
about 40 percent, and Louisville, New York City,
and Cleveland had increases of 10 to 30 percent.
Substantially funded new agencies were opened
since 1961 in Portland, Oreg.; Cook County, Ill.;
St. Louis County, Mo.; and Nassau County, N.Y.

It is obvious that with a few notable exceptions
these programs have been grossly inadequate. In
fact, at no governmental levellocal, State, or
Federalhas remedial action in the form of more
effective controls kept pace with the growth of the
problem.

Industry and Other Private Efforts

There are encouraging signs that important
segments of industry are voluntarily undertaking
to abate their own h.armful effluents. As reported
above, estimates by the National Association of
Manufacturers indicate that industry is currently
spending at the rate of $500 million a year for air
pollution control.

The same NAM estimates put expenditures for
this purpose since World War II by the electric
light and power industry at $350 million. A
single company, Consolidated Edison of New
York, has testified that it has spent since 1937
over $100 million for control equipment and its in-
stallation. The Manufacturing Chemists' Asso-
ciation has stated that 125 of its member com-
panies have invested altogether about $250 million
in air pollution control facilities and are spend-
ing $34 million a year to operate them.

Members of the Western Oil and Gas Associa-
tion are asserted to have spent since 1948, in Los
Angeles County alone, $114,456,000 on the opera-
tion and maintenance of controls and on research.
Also in Los Angeles County, all industry is said
to have spent about one-fourth of its total equip-

ment cost for air pollution control devices. In
these instances, of course, the expenditures were
probably dictated largely by the stringent control
regulations in that area rather than undertaken
vol untarily.

The steel industry in many areas has cooperated
with control authorities by agreeing to invest sub-
stantial sums in equipment to curb its own emis-
sions, notably those caused by the comparatively
new and exceptionally "dirty" oxygen-lance proc-
ess. In Chicago, for example, four companies, re-
sponsible for some 90 percent of Chicago's steel
production, have undertaken virtually to elimi-
nate from their operations, within an 8-year pe-
riod, all particulate emissions, which had totaled
some 60,000 tons a year. The cost to these com-
panies is said to be in excess of $50 million. In a
single Kaiser steel 13lant at Fontana, Calif., con-
trol measures which. cost $17 million are reported
to be 99-percent effective in reducing objectionable
effluents.

In order to accomplish the historic cleanup of
Pittsburgh's emissions of visible smoke and soot,
industry in that area, was required to expend more
than $250 million for antipollution eauipment.
On a smaller scale, but no less impressive, is the
experience of Union County, N.J., where 27 in-
dustries spent for air pollution control, in the 10
years prior to 19631 $9,149,000.

Industrial associations, including those repre-
senting the chemical, steel, oil, and automotive in-
dustries, nave made substantial contributions to
air pollution research. A member of universities
and private research organizations have also con-
ducteol a number of research projects in addition
to those supported by the Public Health Service.

Even if the good examples reported above were
typical of all polluting industriesand they are
notand even if all polluted localities benefited
by themand they do notand even if the esti-
mated annual total expenditure by industry were
devoted exclusively to measures which reduce ob-
jectionable effluentsand this is questionable--
$500 million a year seems an almost trivial sum in
comparison either with the capital investment and
annual e-,mings of American industry or with. the
economic damages attributed to air pollution of
$12 billion a year.

Impact of the Clem Air Act of 1963

Since the inception of the Federal program in
1955, modest but steadily increasing f-un s have
been made available to th.e Public Health Service
for four principal activities in the air pollution
field : research, technical assistance to States and
communities, training of personnel (for industry
as well as for control agencies), and the develop-
ment and dissemination of information.

These activities resulted in remarkable ad-
vances in our knowledge of the sources of air
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pollution, of its effects, and of practical methods
for abating it. They helped to assess the most
urgent needs in many different States and com-
munities and to point ont the steps required for
dealing with them. They also helped to alleviate
the acute shortage of trained men. The informa-
tional activities further helped by creating a cli-
mate of public concern and of public awareness of
the need for more effective legislation at all gov-
ernmental levels.

The passage of the Clean Air Act of 1963, which
President Johnson signed into law in December
of. that year, has served not only to step up the
Federal effort but also to stimulate more extensive
control measur( at State and local levels, too.
Under this Act, the Federal activities previously
authorized were retained and expanded, impor-
tant new ones were added, and the entire program
was strengthened by the authorization of substan-
tially increased appropriations.

The expanded program of research and de-
velopment called specifically for the development
of practical control method.s, techniques, and pro-
totype devices, as well as for the development of
low-cost methods for removing sulfur from fuel
in order to reduce the volume of sulfur dioxide
released into the atmosphere.

Another important area emphasized was re-
search leading to the development of air quality
criteria for the guidance of State and local con-
trol agencies in setting up enforceable standards
for ambient air quality, and limitations of emis-
sions at the source.

The importance of emissions from motor ve-
hicles was again stressed, and the Department of
Health, Education, and Welfare was instructed to
cooperate with the automotive and motor fuel
manufacturing industries in assessing progress
and in initiating new research and development
efforts toward control of motor vehicle exhaust
pollution.

Better control of pollutants emitted from Fed-
eral agencies was provided by authorizing closer
supervision of Federal installations by the Depart-
men of Health, Education, and Welfare.

Two wholly new areas of Federel action were
authorized : Financial assistance to States and
communities, and, in certain circumstances, Fed-
eral initiative in abatement actions. The Act pro-
vided for grants by the Department of Health,
Education, and Welfare to pay up to two-thirds
of the cost of setting up or improving State and
local control programs, and up to three-fourths of
the cost in the case of interstate or other regional
programs. As of June 30, 1965, 93 grants had
been awarded, totaling $4,180,000, to 21 States, 36
municipalities, and 36 intermunicipal jurisdic-
tioD.o.

On interstate air pollution problems, the De-
partment was authorized to hold conferences lead-

ing to abatement action. If corrective steps are
not taken after such conferences, public hearings
can be called and, if necessary, the U.S. Attorney
General may be asked to file suit in Federal court.
Similar measures were authorized on intrastate
problems, but only at the request of the Governor
of the State concerned.

The Clean Air Act authorized appropriations
on a rising scale$25 million for fiscal 1965
(which began July 1, 1964), $30 million for fiscal
1966, and $35 million for 1967. Congress actually
appropriated for fiscal 1965 $20,995,000.

Public Law 89472 and Motor Vehicle Eminiona

Research and investigations over the years have
demonstrated. that motor vehicles are a major and
growing source of air pollution in practically all
sections of the Nation, and conclusive studies have
revealed the extent and adverse effects of motor
vehicle pollution. Nationally, partial control of
motor vehicle emissions has been effected on cars
built since 1963 through the use of "blowby de-
vices," which recirculate crankcase ventilation
gases (formerly discharged to the atmosphere) to
the engine intake.

Public Law 89-272, amending the Clean Air Act
of 1963, was enacted in 0c),,ober 1965. Among
other things, this provides a separate title on con-
trol of air pollution from motor vehicles. Under
this title, the Secretary of Health, Education, and
Welfare :

(1-) Shall by regulation, giving appropriate
consideration to technological feasibility
and economic costs, prescribe as soon as
possible standards applicable to motor
vehicle emissions which do, or are likely
to, cause or contribute to air pollution
which endangers the health or welfare of
any persons;

(2) Upon application by a manufacturer,
shall test vehicles or engines for conform-
ity with regulations, and issue certificates
of conformity;
May, by joint regulation with the Secre-
tary of the Treasury, determine admissi-
bility of vehicles imported into this coun-
try; and

(4) May prescribe and require that manufac-
turers establish and maintain records,
make reports, and provide information
to determine their compliance with regu-
lations.

While Public Law 89-272 specifies no effective
date for initial motor vehicle emission regulations,
spokesnien for the major automobile manufac-
turers testified that they could, if required by Fed-
eral law to do so and given sufficient "lead" time,
supply nationwid,N 1968-model cars that comply
with California standards.

(3)
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VI. Barriers to Effective Control

Today, air pollution is more a social, political,
and economic problem than it is a technological
problem. There still are, however, some technical
problems for which no solutions have yet been
found that are both effective and economically
practicable. The most important of these are the
discharge of sulfur dioxide in the combustion of
fossil fuels, and emissions from motor vehicles.

Major Unsaved Technical Problems

Two approaches to the sulfur problem alre being
explored : Removal of the sulfur dioxide from the
stack gases, and removal of the sulfur from the
fuel before it is burned. Both are technically
possible, but have so far been considered too costly
for general use. (In the advance desulfurization
of coal, but not of fuel oil, there are still some
strictly technological obstacles to be rvercome.)
Accelerated research in this area, stimulated by-
Federal legislation, is seeking to develop removal
techniques which will be economically feasible.

In the case of motor vehicles, although devices
are now available for substantially reducing emis-
sions from the crankcase and the tailpipe (which
together account for 90 percent or more of total
automotive emissions), there remain problems not
only of cost but also of maintenance and inspec-
tion to insure that the devices remain effective.
It seems certain that present technical capability
for reducing motor vehicle emissions will not pro-
vide a permanent solution to the problem. The
expected increase in the number of motor vehicles
will far outweigh the partial reductions which can
be expected from presently availabk crankcase
and exhaust control systems. Consequently, un-
less substantial further reductions are made in in-
ternal combustion engine emissions, the motor ve-
hicle problem will become even more significant
nationally. It is not anticipated that either new
add-on devices or minor modifications in prevail-
ing engine design, however helpful they may be,
will solve this problem satisfactorily, even apart
from cost considerations; increasing attention,
therefore, may have to be given to more radical
changes in gasoline engines and even to alternative
power sources for motor vehicles.

Social, Legislative, old Economic Constraint*

Before any real progress can be made in air
pollution control at the State and community
levelswhere nearly all control measures must be
initiated and enforcedthe proper cEmate must
be created. The gravity of the problem must be
recognized, laws must be passed and executed, and
control agency facilities and personnel services
must be paid for. State and community authori-

ties, lawmakers, and votersall must be convinced
of the need for remedial action and satisfied that
its costs will be more than counterbalanced by its
benefits. Since most of the adverse effects of ai-
pollution are hidden and gradual rather than ob-
vious and immediate, pe::3istent education efforts
are prerequisites for ellective control.

A.s reported earlier, FedeA informational .ef-
forts over the past decade Lave been productive.
A remarkable increase in public interest is indi-
cated by the appearance in recent months of in-
numerable air pollution features in national and
local communications media : Magazines, newspa-
pers, and radio-television.

The growing public concern is reflected, too, in
our national legislative body, ; the Congress, after
passing the Clean Air Act, 13y substantial bipar-
tisan majorities, continued committee hearings on
the subject, and many new bills were introduced.
As mentioned, one of them has now been enacted
into law as Public Law 89-272.

There is new activity, too, at the State level ;
legislatures in more than half the States are cur-
rently considering measures designed to strengthen
air pollution control. Although past action, espe-
cially in States which have rural-dominated legis-
latures, has often been slow and timid, many of
these have shown interest in sharing in the new
Federal program grants and, hopehilly, control
activities once initiated will be continued as long
as the need remains. A continuing handicap, how-
ever, is the interjurisdictional nature of the prob-
lem; in many metropolitan areas, not only two or
more States but also scores of smaller jurisdictions
may be involved.

By far the most important barrier today to effec-
tive control is economic. The enforcement of air
pollution control laws costs money. And the in-
stallation of remedial measures a..d devices at the
manifold sources costs even more. At all lower
governmental levels, air pollution must compete
with a host of other problems, from slum clearance
to roadbuilding, for a share of the available funds,
which increasingly seem genuinely meager in view
of the mushrooming needs of today's complex so-
ciety. And major segments of industry, keenly
aware of their competitors and of their obligations
to stockholders, are understandably reluctant to
invest large sums for equipment from which, in
most cases, no competitive Pivantages or produc-
tion gains can be expected.

VII. Four Basic Needs for lte Future

The Department of Health, Education, and
Welfare is aware of innumerable specific steps
which ought to be takenand at the earliest prac-
ticable momentif the Nation is to hold its own
in its fight for cleaner air. Many of these are im-
plicit in the foregoing statement of the problem.
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for example, nation 'de control of automotive
emissions. Even Inore basic, however, for the long
run, may be the need for changes in attitude on the
part of those who have the power and the capa-
bility to deal with ti e manifold, technological and
economic problems involved.

More General Recognition of the Gravity of the
Problem

Today, nearly all thinking Americans, if asked
whether or not air pollution is a serious environ-
mental problem, would probably acknowledge that
it is. But much less generally recognized are the
enormity of its present exactions on our welfare
and our treasure, and the geometrical progression
by which those exactions are increasing.

A beginninfg has been made, but educational
efforts must be expanded and persistently con-
tinued . . . by the leaders of those groups which
can help to create an informed public consensus
and those -which must respond to it if effective
control is to be achieved : Communications media,
scientists, the medical profession, civic and volun-
tary health organizations, lawmakers, enforce-
ment authorities, industry, and not least, the gen-
eral public, who in the long run must pay the bill.

Stricter Laws and Better EnforcementState and
Local

As reported earlier, the Clean Air Act has given
new impetus to legislative and enforcement action
at State and community levels. In many, areas,
action is still impeded, however, mainly by two
factors : The feeling in many, States that air pollu-
tion is a serious problem only in a few big cities;
and the threat of industries in some localities to
move their payrolls elsewhere if strict air pollution
control is imposed.

As a matter of fact, the isolated cattle feeding
lot in Nebraska or the single pulp and papermill in
a New Hampshire village may be as objectionable
to the nearby residents as is the complex mixture
of pollutants from many sources to the people who
live in a big industrial city. Besides, control reg-
ulations can be, and should be, tailored to fit the
actual needs of each area, as disclosed by prelimi-
nary surveys. As for the threat of lost paz )lls,
when equitable controls to meet demonstrated
needs become more prevalent, there will be, of
course, fewer asylums for uncooperative industries
to move to. (In practice, the threat to move is
rarely, if ever, carried out.)

Acceptance by Industry of Control as a Social
Obligation

Industry too is made up of people, and its paid
managerswho in most of our larger firms have

replaced the rugged individualists who founded
these firmsshare with the rest of us civic pride
and dislike of ugly and unhealthful surrounding's.
Progressive industry today is also increasingly
concerned about good community relations and a
good national "image."

There are, in fact, many encouraging signs that
important segments of industry are voluntarily
undertaking to abate their own harmful effluents.

Undoubtedly, as the pressures of aroused public
opinion and of actual or threatened new legislation
at all governmental levels are added to the grow-
ing desire on the part of industrial firms to be
c`good neighbors," more and more of them, in
enlightened self-interest, will accept air pollution
control as a social obligation and cooperate whole-
heartedly in the search for better means of apply-
ing it to their own operations. In addition,
methods should be sought by all levels of govern-
ment to provide further motivation for such co-
operation by offering to industry tangible incen-
tives, not necessarily limited to the tax concessions
which the Congress is currently considering.

New Federal LerdslationA Need Arises and
Knowledge Grows

The experience gained by the Department of
Health, Education, and Welfare in exercising its
current authority for abatement action in inter-
state air pollution, and its new authority to regu-
late emissions from motor vehicles, undoubtedly
will provide further guidelines as to what may
be needed to supplement present Federal powers
in air pollution control. The determination of the
need for new Federal legislation will also be influ-
enced by the amount of progress made by State
and local control agencies under the expanded pro-
grams, aided by Federal grant funds, which are
now getting underway.

VIII. How Better Controls Might Help to Meet
Community and Human Needs

If the cost of air pollution damage in this co-tm-
try is indeed $12 billion a year, its reduction to a
fraction of this amount would obviously release
a lot of money for satisfying more basic human
wants. But part of the impact of air pollution on
the Nation's economy is by no means so obvious.

Cnnsider, for example, its effect on crops and
forests. This is a good example, because much
of its damage to vegetation has been recognized
only recently, and this seems to be spreading very
rapidly to new areas. Some of the pollutants
which are now of only local concern may tomorrow
become widespread.
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Larger Crops From, Same Anotent of Land

Looking to the future, it seems certain that in
50 years or less agriculture will have to feed twice
as many people as it feeds now. Whil some new
land can be brought into production, the amount
is small, and more land will be diverted to non-
agricultural usefor cities, factories, roads, and
parking lots. There will be greater demands on
our forests, both for fiber and for recreation.
There will be greator demands for water, and our
forests as well as our grazing land play a vital
role in water conservation. There will be a de-
mand for more parks, more greenbelts, more orra-
mentals, and more flowers.

We can ill afford the losses in agricultural crops,
in forests, and in ornamentals we are now sustain-
ing due to air pollution end we shall be less able
to afford these losses in the future.

The ability to feed more people from the same
amount of land has come in the past, and will
come in the future, from better practices, better
varieties, and better handling, based upon sound
fundamental knowledge of the response of orga-
nisms to their environment. Air pollution is an
important adverse factor of the envis onment and
the extent, to which we succeed in controlling it
will help to cl.,termine our success in meeting our
expanding needs for food and fiber from diminish-
ing acreage.

Mass Transportatiol sndUrban Renewal

As indications increase that motor vehicles may
constitute the largest and fastest growing singIe
source of air pollutants, our search for cleaner sub-
stitutes for the internal combustion engine might
well lead us to a happy revolution in our com-
muting patterns. We might end up driving fam-
ily cars which are quieter and safer than those of
today as well as "cleaner"; or riding to work
in genuine comfort via mass transportation which
would get us there more quickly, eliminate our
parking problems, and unclog our city streets.

Our cities themselves might even be revolution-
ized as we learn to design their industrial and com-
mercial plantsand the cities themselveswith
air pollution considerations in mind. The green-
belts planned as isolators of industrial areas could
also harbor playgrounds and picnic areas. The
location of office, home, shopping, and recreation
areas all in close proximity would not only reduce
pollutants from transportation sources but also
free for happier uses many hours a week that are
now wasted in commuting. With cleaner air, pub-
lic monuments and buildings would be cleaner,
trees and flowers would thrive better, neighbor-
hood pride would increase and residence patterns
become less changeable, city skies would seem bluer
and could be seen more often . . . and to the many

employment, educational, en ifural, entertainment,
and shopping advantages of ety living, new cheer-
fulness and comparative healthfulness could be
added.

Evcn if the high cost of such basic changes in
transportation and in urban design could not be
wholly recovered through savings in the high cost
of cleaning, maintenance, and replacement of ma-
terials and structures, the potential gahls in health
and esthetic values shoulsi certainly make even
such radical approaches worthy of most careful
exploration.

New Careers and New Markets

Although it began somewhat earlier in Cali-
fornia, the awakening of widespread interest in
air pollution on the part of scientists, educators,
and governm admmistrators largely coincided
with the passage, in 1955, of the first Federal air
pollution legislation. From then on, and increas-
ing steadily each year, the needs of airpollution re-
search and development, administration, and con-
trol began to compete for the services of profes-
sionalsalready m limited supplywith the
needs of many other areas in our fast-growing
technological society.

Because of its extreme complexity, air pollu-
tion called for skills in an exceptionally large
number of 'professional disciplines. These disci-
plines inclucle but are not limited to, physicians,
engineers c many specialties, chemists, physicists,
veterinarians, plant pathologists, toxicologists,
meteorologists, biologists, economists, lawyers,
statisticians, public h.ealth nurses2 health educa-
tors2 information and public admmistration spe-
cialists, and city planners. Many of these must
know more than a little about the specialties of
their colleagues in other disciplines, and all of
them must have, or acquire, a good working
knowledge of technical factors peculiar to air
pollution.

Openings for these expertsin almost every in-
stance, greater in number than the number of
qualified applicantsexist at every governmental
level and in nearly all of the largest industries.
(For example, the steel industry is concerned as
air polluters and the telephone companies are con-
cerned as receptors of pollutants.) For the fore-
seeable future, these openings are expected to in-
crease in number steadily and rapidly.

New markets are also opening rapidly. A clue
to industry's present expenditures for air pollu-
tion control equipment is provided by a report
dated June 14, 1965, on the industrial gas cleaning
equipment industry : The total value of 1963 ship-
ments by 65 manufacturers of electrostatic pre-
cipitators, fabric filters, mechanical collectors, and
scrubbers amounted to $50 million. The annual
value of such devices will increase greatly as con-
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trol regulations are expanded and strengthened;
and these are by no means the only kinds of con-
trol devices that will be required.

The automobile industry, for example, offers
another important new market. As soon as Cali-
fornia legislation called for compulsory reduction
in automotive emissions, a number of large firms
began research and develai, . :ent on both blowby
and exhaust control devices. And the new Federal
emission standards to be enforced on 1968-model
cars will cz,:l for the installation, at the factories,
of new devices or parts with a possible value of,
say, $50 each for same 8 million vehicles, or ), total
for the year of $400 million.

New Manpower Needs . . . and Possible Shifts

Some of the needs and shifts in manpower that
will be required because of better air pollution con-
trols were indicated above. Not fmly will more
scientists, technicians, and administrators have to
be trained or diverted from other fields , it will
take a lot of man-hours in our factories to manu-
facture and install the new control devices and in
our machine shops and garages to service and
maintain them.

According to the authoritative Gross report,2
there were in 1961 approximately 1,600 specially
trained individuals in the field of air pollution
associated with control agencies, industry, re-
search, and teaching. The same report stated that,
ii assuming satisfactory progress," the estimated
needs for air pollution personnel by 1970 would
total 18,100, of whom 5,600 would be specially
trained. The latter figure was raised in a later
study 3 to 7,120 for 1975. Especially in view of
the fact that many of the needs apply to highly
skilled professionals, these figures are not incon-
siderable, and the projected growth rate is
impressive.

Another kind of shift in manpower will be
greater or less, depending on the degree of success
that is attained in actually restoring salubrious
air to our communities. Hopefully, there will be
fewer laundry workers, drycleaners, car washers,
painters, and redecorators than would otherwise
be needed; and more orchid growers, landscape

2 Report of the Committee on Environmental Health Problem*
to the Surgeon General, 1962 (PEIS Publication No. 908).

s Colm, G. and L. A. Lecht, "Requirements for Scientific and
Engineering Manpower in the 1970'8" (National Academy of
Science, Publication No. 1191, 1964).
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gardeners, and saburban farmers, as wcll as more
control administrators and technicians.

And perhaps more senior citizens. For better
air pollution control will also mean manpower
savedless absenteeism on account of respiratory
troubles, and longer working lifespans.

Other Haman Vaktestite Nation's Well-Being

While for the purposes of this report economic
considerations have been given the primary em-
phasis, there are other human values which are
depreciated by contaminated air and which would
be enhanced by better controls.

One of these is the natural beauty of our coun-
try, which President Johnson stressed to Con-
gress. "Air pollution," the President said, "is no
longer confined to isolated places. This generation
has altered the composition of the atmosphere on
a global scale . . . . Pollution destroys beauty."
Better controls will help to make our air safe
for growing plants and trees, help to preserve
our precious monuments and works of arts, help
to restore the Nation's natural and man-created
beauty.

Better controls will also help to make our cities
better fitted for human habitation. What price
urban renewal if manmade darkness can enshroud
a neighborhood in gloom for hours or days at a
time? If, within a single generation, bright new
neighborhoods can be sullied and "run down"
again because of airborne filth ?

Better controls can also help to prevaat or alle-
viate the pain and discomfort of such dread dis-
eases as emphysema and lung cancer, and to
lengthen the human lifespan. But if the only
effects of air pollution were its grime-and-gloom
effects, it would hardly be unreasonablein an
America noted for its love of cleanlinessto seek
to restore clean air to our communities.

We now have the technological skills that are
needed to clear the air, and the cost of cleaning it
should certainly be less than we are paying now
for the damages mused by airborne contaminants.
Because the volume of these contaminants, unless
we do control them, threatens to increase con-
stantlyat the very least, paralleling the hoped-
f or advances in the Nation's technology and living
standardsthe sooner we make whatever invest-
ment is required to reverse this trend, the greater
the returns will be, for ourselves and for coming
generations.
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Water Pollution Control

I. The Water Resources Problem

In the development of the Nation's vital water
iesources, the problems of water quality and water
quantity are inextricably interwoven. Within the
framework of this development, the control of
water pollution has become, and for the foreseeable
future will remain, the overriding consideration
in providing adequate water suppl :es for continued
national economic growth, health, and welfare.

It is not enough to have the right quantity of
waterit must also be of the right quality to serve
the many purposes for which it is needed. More
water can Jae kept available for use by effective
water pollution control than by any other means.
In this way, water quality can be maintained foi
repeated reuse by each downstream community,
industry, farm, and recreation area, thereby
greatly increasing the capacity to serve of the
available quantity of water.

The Nation is not running out of water as is
frequently heard; there is just as much water fall-
ing on this country now as there ever was. The
fact is, water needs have grown where we must
recognize that the supply is exhaustible and must
be properly managed, both as to quantity and
quality, if it is to serve all the purposes for which
it is needed.

Oversimplifying a very complex situation, the
water resources problem confronting the United
States from now on is one of making its relatively
fixed water supply meet a rapidly increasing de-
mand by providing the right quality at the time
and places where it is needed.

A. Changing Trends inPollution

In the past, pollution control authorities dealt
largely with problems caused b,y sewage, industrial
wastes of known toxicity and behavior, and na-
tural organics. Pollution control was aimed prin-
cipally towards protecting downstream public
water supplies, abatement of nuisance conditions,
and protection of fish and aquatic life. For the
most part, dilution provided by streams was ade-
quate to prevent serious pollution; waste treat-
ment plants, where provided, were designed to take
full advantage of the self-purifying capacity of the
stream ; and the water purification plant provided
the safety barrier for the water-consuming public.

Pollution problems were principally local in ex-
tent and their control a local matter. Pollution
is no longer a local affair. Long stretches of both
intrastate and interstate streams aro subjected to
pollution which adversely affects their use for
many purposes. Conventic,ial biological waste
treatment processes are hard pressed to hold the
'Pollution line, and for a growing number of our
larger cities, these processes are not adequate.
There is growing concern over the ability of our
water purification plants to adequately protect the
public health against the sheer mass of biological
and chemical pollutants entering their intakes.

B. Municipal Pollution

National growth and change have altered this
picture in recent years. Progress in abating pol-
lution has been outdistanced by population growth,
speed of industrial progress and technological de-
velopments, changing land practices, and the con-
sequent development of new and difficult prob-
lems. Population and industrial growth have
figuratively and literally moved waste outfalls
closer together and increased their number. Ur-
banization, increased living standards, and en-
circlement of industry by the municipality have
increased the volumes and strengths of municipal
wastes. In some communities, treated effluents to-
day have polluting effects approaching and some-
times greater than the raw sewage discharges of
30 years ago.

C. Industrial Pollution,

Increased production of goods has greatly in-
creased the amounts of "common" industrial
wastes. New technologies are producing complex
new wastes and products that defy our current
ability to treat or control them, or even detect their
presence in water. The increased application of
commercial fertilizers and the development and
widespread use of a vast array of new pesticides
are resulting in a host of new pollution problems
from land drainage. The growth of the nuclear
energy field and use of radioactive materials fore-
shadow still another complicating and potentially
serious water pollution situation.
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D. Groundwater Poaution

Pollution is still a local affair with respect to

the growing pollution of ground waters, although
it is often an intermunicipal and sometimes an
interstate matter. Our exploding poplation is
concentrating in. urban areas and constantly mov-
ing outward from the central cities into suburbia

and exurbia. Sewerage construction has not
inat3hed either this growth rate or its movements.

As a result, a large share of our population must
rely on individual septic tanks for its waste dis-

posal, and in an increasing number of places, this

has resulted in serious pollution of ground waters
which often must serve this same population with

water supply. Few metropolitan areas are escap-

ing this serious public health problem.
Sea water intrusion is a growing ground water

pollution problem in coastal areas. It is caused
by excessive pumping of the fresh ground water
which lowers the water table, allowing salt water

to flow into the ground water aquifers. Oilfield

brine disposal practices also are causing salt pol-

lution of ground waters, particularly seepage from

so-called "evaporation" pits. This is a particular
problem in the oilfields of the midwest and south-

west.
Sewage and industrial waste oxidation ponds

and waste storage lagoons are often responsible

for ground water pollution, especially when im-

properly located in permeable soils.

E. Coastal PoMaio&

Twenty-three States border on the ocean, and

their estuarine and coastal waters have been sub-

ject to serious and increasing pollution for many

years. Many of our cities and industries are lo-

cated along the coasts and discharge their wastes,

treated and untreated, into adjacent estuaries,

bays, harbors, and onshore coastal waters. These
waters are also subject to significant ollution

from inland areas, transported into thee by the

drainage basins of the country.
Pollution of our onshore salt water resources

is adversely affecting their recreational and shell-

fishery values and creating health hazards, reduc-

ing the value of waterfront properties, and may be
affecting the fishery resource, either directly or
through a breakage in its food chain. With much

of the future national growth predicted for coastal

areas, the problems of pollution will get much
worse unless positive control measures are pro-
vided. The certain prospect of increased numbers

of nuclear-powered ships berthing in estuarine

and harbor waters will create still another potenti-

ally hazardous public health situation.

F. Categories of Pollution

The substances polluting our waters may be
classified into eigat general categoriesz each of
which is unique in pollution al characteristics and.
effects : (1) Oxygen-demanding wastes, (2) infec-
tious agents; (3) plant nutrients, (4) synthetic
organic chemical exotics, (5) inorganic chemical
and mineral substances, (6) sediments, (7) radio-
active substances, and (8) heat.

Most wastes are mixtures of the above gederal
categories of pollutants, thereby complicating the
problems of their treatment and control. Munici-
pal wastes usually contain oxygen-consuming
wastes, synthetic organic chemicals, inorganic
chemicals, sediments, etc. The same is true of
many industrial wastes, which may contain sub-
stantial amounts of heat from processes other than
cooling. Land drainage usually contains substan-
tial organic matter in addition to sediments; also
radioactive substances and air pollutants washed
from the sky, vegetation, buildings, and streets
during rainfall.

The water pollution control problem in general
detail has been outlined above. The problem is
complex as are the pollutants which comprise the
problem. The problem is also in need of urgent
consideration.

II. Water Pollution Control Technologies

A. Waste Treatment Devices

The major weapon against water pollution is,
and will continue to be, the waste treatment plant.
There is a wide disparity in the ty.pe and degree of
treatment, ranging from the settling tank and the
Imhoff type plant, giving only primary treatment,
to more complete plants featuring secondary
or tertiary treatment, utilizing the most up-to-date
technological advances. A discussion of all the
presently available technologies would involve con-
siderable detail concerning a wide range of engi-
neering devices. Therefore, the following discus-
sion emphasizes major technological advances that
will increase the efficie- cy of treatment methods
presently in use or new .uethods which may revolu-
tionize water pollution control.

B. Advanced Waste Treatment

The Advanced Waste Treatment (AWT) Re-
search Program of the Federal Water Pollution
Control Administration is developing and demon-
strating practicable means of treating municipal
sewage and other waterborne wastes to remove the
maximum possible amounts of physical, chemical,
and biological pollutants to restore and maintain
the maximum amount of the Nation's water at a
quality suitable for reuse. At present, even with
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the most complete sewage treatment we can pro-
vide, a significant percentage of the organic waste
is still discharged as residual waste load which is
creating problems such as those already described.
Technically, advanced waste treatment may be
looked upon as a two-step process : (1) Separating
concentrated contaminants from the purified
water "product," and (2) disposing of these con-
taminants in a way that will render them forever
innocuous. The need for developing this two-step
treatment process results from the fact that many
of the inorganic and organic contaminants now
entering our waters resist every phase of present-
day treatmentsewage treatment, natural purifi-
cation in streams, and water treatment. The ulti-
mate and achievable goal should be to completely
reclaim waste waters for reuse. This would, in one
step, substantially reduce the water pollution prob-
lem while greatly increasing the supply of clean
water available for all uses.

Pilot models of AWT systems are now in oper-
ation. Some of the more promising processes being
investigated are : (1) Adsorptionthe use of acti-
vated carbon to separate organic impurities from
liquids ; (2) electrodialysisthe removal of re-
maining dissolved mineral matter from. solution;
(3) foamingthe deliberate generation of foam
to remove surface active impurities; and (4) coag-
ulationthe use of chemical precipitants to remove
suspended and colloidal solid.s and algae nutrients.
Other treatment techniques under study include
evaporation, chemical oxidation, ion exchange,
freezing, and reverse osmosis. Following success-
ful development of this advanced waste treatme_A
technology, full-scale application is expected to
renovate many waste waters th permit their reuse
for agriculture, recreation, industry, and munici-
palities, as well as to achieve high levels of pollu-
tion control.

C. Analytical Methodology

Other technological advances have been in the
realm of analytical methods to determine small
amounts of hard-to-detect pollutants. Advances
in gas chromatography are typical of the better
methods being developed which can be adapted and
refined for use in the fight for water pollution
control.

D. Inplant TVaste Reduction Through Process
Modification

In most modern maufacturing processes, equip-
ment for using or disposing of -leftover materials
or wastes is built into production facilities. In
some cases, but certainly not all, this "entire plant
approach" becomes profitable, or at least less costly,
as the leftovers from primary products are re-
covered and changed into useful materials. For
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example, the distilling inuustry recovers about 90
percent of its fermentation residues and converts
these materials into dried feed for livestock. Such
inplant recovery reduces the pollution potential of
the water employed by 90 to 96 percent. The
brewing industry has a similar successful program.
The younger antibiotic industry is rapidly moving
from the more conventional waste treatment to im-
plant recovery despite the fact that each antibiotic
presents its own special recovery problems.

Another example of using a waste for produc-
tion of a needed and useful material is the making
of nutritional yeast and other byproducts from
spent sulfite liquor. The Sulphite Pulp Manu-
facturers' Research League started gre--7ing yeasts
on spent liquor in 1943. Today, yeast plants ad-
jacent to sulfite mills are a modern application of
byproduct recovery in water quality management.

In other types of manufacturing, the emphasis
is placed on the recovery from process water of
materials which would otherwise be wasted. A
notable example of an industry closely tied to
water and which regards the recovery of basic
materials as an important part of operations is
the pulp and paper industry. In one segment of
this industrythe kraft industryfiber losses per
ton of production have been reduced 'T6 percent
since 1941, while total production has more than
doubled during this period. Equally important
savings in water have resulted.

E. Product Modification with Respect to Pau-
tional Characteristics

Industries are recognizing that pollution may be
decreased and adverse publicity avoided if the
chemical composition of a product is altered to
reduce components that may produce potential pol-
lution. Th.e detergent industry is a notable ex-
ample. By midyear 1965, the conversion was ef-
fected from the "hard" alkyl benzene sulfonate
(ABS) sudshig detergent to the "soft" linear
alkylate sulfonate (LAS) bio-degradt2 de deter-
gent which breaks 'down in treatment plants as
readily as organic sewage, thus reducing foam on
waterways. The pesticide industry is also show-
ing interest in developing products that will de-
compose more easily and will not present such
pollution hazards.

F. Reservoir ManagementStream,flow Regv2a-
tion

In plans of river basin development and manage-
ment, considerable attention is given to multiple-
purpose reservoirs to provide for sufficient storage
for streamfiow regulation. This regulation would
permit the release of stored water to increase
streamflow if the dilution capacity of the stream
is exceeded. In other words, if adequate treat-



V-154 STUDIES: APPLYING TECTINOLOGY TO UNMET NEEDS

ment has been provided and water quality in the
receiving stream is not satisfactory for present or
anticipated uses, means will be provided to increase
the streamflow and thereby increase the stream's
capacity to accept wastes without being unduly
degraded.

G. Computer Model8 and Systems Analysis

Another technology which has begun to come
into its own during the past few years is the use
of systems analysis for river-basin management
This approach involves thy) management of water
quality, on a regional or river-basin basis. It de-
pends largely on the development of mathematical
models for waterways and the formulation of a
computer program which adequately reflects
changing stream situations and characteristics.
The system provides rapid computation using con-
tinuous data on many variables such as the saline
content of the water, wir3 velocity, wind direction,
oxygen level, etc., and enables accurate, instan-
taneous forecasting to be done on future conditions
in the river basin. Steps can then be taken to
maintain optimum water quality in line with eco-
nomic and other influencing factors.

H. Automatic Monitoring and Telemetering

The systems analysis approach depends on hav-
ing continuous stream data which will reflect any
trends in the physical characteristics and chemical
composition of the waterway. Therefore, one of
the key features of the systems analysis water
quality management will be the increased utiliza-
tion of automonitoring and telemetering equip-
ment. This apparatus will take continuous sam-
ples and transmit stream data directly into the
computer for rapid computation and forecasting.

III. Barriers to Progress

A. Costs

The greatest barrier to progress in water-pollu-
tion control has been 'the amount of financial
investment required. The total number of dollars
needed to construct waste treatment facilities or
separate combined sewers, for example, is very
large. Even in communities with a high per cap-
ita income, however, waste treatment plants gen-
erally have not been recognized as high priority
community needs equal to other facilities such as
schools and routs or such social services as fire and
police protection. This priority has been reflected
in expenditures allocated ; the benefits produced
by pollution-control activities have not been val-
ued at the same level as those stemming from other
expenditures. In many instances, abatement ac-

tion is begun only when the pollution problem
bE,mmes so serious that an outrag,ed public de-
lands that something be done or enforcement pro-

ceedings are initiated. All indications are that
public awareness of the need for ioollution control
is very rapidly increasing:. New York Stnte's citi-
zens, for example, were s, fficiently concerned that
they voted five to one for a waste-treatment bond
issue of $1 billion, the only money proposition on
the ballot that passed.

The cost of water pollution is very difficult to
determine because of problems of definition, inade-
quate informationt and rapidly changing condi-
tions. Pollution adversely affects the use of water-
ways and imposes an economic cost in the form of
investment in abatement facilities or of impaired
or lost uses of the streams or adjacent land activi-

.?s. It is estimat ., for example, that $26 million
of additional water-softening facilities are needed
in the Colorado River Basin to soften water that
has been polluted by increased amounts of mineral
salts.

A far larger amount of information is available
concerning the investments required to construct
facilities for pollution control. The following
provides a general impression of the magnitude of
costs involved.

1. Mmicipal

In its 9-year history, Federal assistance to mu-
nicipalities has helped Imild over 6,000 local waste-
treatment works costing $2.5 billion. These proj-
ec' serve a population of 53 million and will
improve the quality of water in 55,000 miles of
streams. Despite these gains, however, pollution
from municipal wastes has not been brought under
control. Construction has dropped off 3harply
since 1963 when it reached an al:time high through
the combined financial incentives of water pollu-
tion control and public works acceler n _pro-
grams. Construction decreased from $ici, million
m 1963 to about $600 million in 1964. The present
rate of construction is too low to do much more
than maintain the status quo. The 1965 survey, by
the Conference of State Sanitary Engineers 'dis-
closed an existing backlog of 5,277 needed munic-
ipal treatment works costing $1.8 billion for a
population of 33 million. The average annual
cost for the elimination of this backlog by 1970 is
$299 million. Sewage treatment facilities have a
limited lifespan because of aging, technical ad-
vancement, or population relocation. These plants
and related works must Le replaced at an estimated
average annual cost of $246 million.

To eliminate tin backlog, replace obsolete treat-
ment works, and :vrovide for the continuing popu-
lation growth in our urban areas will require an
average annual expenditure of over $800 million
for mumcipal waste-treatment works for the rest
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of this decade. This, however, is in 1961 dollars
and does not account for constantly rising con-
struction costs. When we allow for this factor
the average annual cost for the rest of the decade
increases to $865 million.

The projections for 1970 do not include an al-
lowance for enlargement of construction work
needed to separate storm and. sanitary sewers,
-which has been estimated to be between $20 and
$30 billion. These figures are construction costs
only and do not include program management.

2. Industrial

A survey by the National Association of Mann.-
facturers and the U.S. Chamber of Commerce re-
ported that American manu-cacturing industry
spent more than $100 million in 1959 to operate
facilities it has installed to treat waste waters.
More than $1 billion would be required to replace
these facilities at 1959 prices. The extent to which
these figures reflect expenditures made solely for
waste treatment is not known, since expenditures
include inplant changes which also result in waste
reduction. However, in view of the erAent of
existing industrial pollution problems, this level is
obviously inadequate even in terms of current con-
ditions without considering future industrial ex-
pansion. One of the greatest needs in adequately
appraising the extent of industrial pollution and
consequently the costs of treatment required, is
much more information on industrial wastes. To
date, no adequate inventory is available to provide
the information needed on a nationwide basis.

3. Streanzflow Regulation

In conjunction with waste treatment, streamflow
regulation is required for assimilation of treated
waste effluents. On the basis of studies that re-
viewed the entire water situation in the United
States, the Senate Select Committee on National
Water Resources, Report No. 32, indicated that
229 million additional acre-feet of reservoir stor-
age costing $374 million annually would be needed
by 1980.

1. Costs by River

Costs of controlling pollution have been pre-
pared for several rivers. The following illustrate
some of the costs involved :

Hudson River

Studies have indicated that the costs of bringing
municipal and industrial waste treatment facili-
ties to a level of secondary treatment in the Hud-
son River below Troy, N.Y., would require an ex-
penditure of $400 million.
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Delaware River

Mathematical model studies of water qualit3r
conditions of the Delaware River have provided
information on the costs of achieving water qual-
ity at various levels of waste treatment. One
measurement of water quality is the amount of
dissolved oxygen present. To achieve a minimum
level of dissolved oxygen, or 4 milligrams per liter,
from Trenton, N.J., to Liston, Pa., in the 'Delaware
River Estuary, a capital expenditure for waste
treatment facilities calculated at $281,700,000
would be required. This is the high cost of several
alternative dissolved oxygen levels.

Potomac Riber

To clean up the Potomac River to a level suitable
for swimming by 1975, the estimated total capital
cost for the necessary works, including land, is $2
to $2.5 billion.

Lake Erie

Estimated costs of abating pollution and revers-
ing the aging process of Lake Erie are based on
providing a

iquality
of water suitable for all legiti-

mate uses, ncluding swimming. Costs are esti-
mated to be on the order of $20 billion.

B. Rehr.Yance to Accept Change

Another problem in introducing new technolog-
ical advances is the seemingly natural reluctance
to change. Engineers and communities are hesi-
tant about trying the new idea, the new equipment,
without first having the reassurance of many years
of proven field reliability. A factor in this prob-
lem is the lack of sufficient training for treatment
plant operators to utilize new plants efficiently and
to appreciate the benefits that a moremodem treat-
ment system would yield. In some instances, new
methods are more costly than those in use and a
community is unwilling to allocate the extra funds
needed to install and operate the plant. This is
the ease in applying advanced waste-treatment
systems.

C. Inadequate Technology

A unique industrial problem is the complexity
of wastes requiring particular forms of treatment.
Known methods could be applied to many indus-
trial wastes, but their adequacy for all substances
is unknown. While research is required to de-
termine the adequacy of known methods for indus-
trial application, since waste treatment does not
increase sales or revenue and detracth from profits,
industries are reluctant to bear the expense. Re-
search is needed to develop new methods as well.
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D. Institutional Barriers

The adaptation of systems analysis to the con-
trol of river basins depends on a suitable support-
ing institutional structure. At present, there is a
lack of effective institutions that can cut across the
political lines of individual States, counties, or
municipalities. Institutional arrangements are
necessary that will represent all interests and yet
agree with one voice on needed actions before tech-
nology can be adequately applied.

E. Lack of Adeguatek Trained Personnel

The lack of adequately trained -personnel in all
aspects of the wate7 pollution control field, from
research personnel to waste treatment plant opera-
tors, has serious potential consequaces. Highly
trai aed scientists and engineers such as chemists,
sanitary engineers, microbiologists, and others
with experience in dealing with waterborne wastes,
are presently in very short supply. It has been
estimated that by 1968, 23,000 engineers and scien-
tists will be required in the entire water pollution
field to fulfill the national need for specialists. At
present, roughly 2,000 engineers and scientists are
employed by Federal, State and interstate agencies.
Present levels of the training programs of educa-
tional institutions are not adequate to fulfill the
estimate of personnel needed. Specialized train-
ing by a greater number and variety of schools and
departments and increases in the level of financial
assistance available to institutions are necessary.

The new treatment methods and modern plants
have a great deal of operational flexibility which
gives the plant operator wide latitude in adjusting
the treatment for various waste loads. Well-
trained operators are clearly among the priority
needs. Recent surveys have shown that some of
the newest sewage plants are operating at less than
maximum efficiency due to the inadequate training
of the plant operators.

F. Summary

In summary, resistance to technological im-
provements and inno vations in water pollution
control systems is mainly a resistance to monetary
expenditure. These expenditures may be for
needed research, the modification of existing ap-
paratus, or the introduction of completely new
techniques. Other barriers are inadequate politi-
cal organizations, a reluctance to embrace new
methods, and a lack of education both to operate
new apparatus and to appreciate the need for the
best possible water pollution abatement.

IV. Recommendations

A. Develop Institutional Arrangement for Polka-
tion Control

1. Encouragement and support from Federal,
State, and local governmental bodies should be
given to adoption of institutional means necessary
for implementing effective water pollution control
measures on a regional or river basin level. Some
more specific recommendations would involve :

a. Establishment of institutional arrangements,
such as river basin commissions, regional planning
authorities, or binding agreements and commit-
ments among State and local governments, by
which recommendations arising frum comprehen-
sive river basin planning studies can be put into
operation effectively,.

b. Development of basinwide operating proce-
dures necessary to regulate streamflow for water
quality control.

B. Establish and Improve Manpower Training
Program,s

1. Personnel trained in both the practical and
theoretical aspects of water pollution control will
be needed in larger numbers as control efforts and
knowledge expand. Such programs as the follow-
ing can contthute significan ,j to this need:

a. Sewage Plant Operator Training

Establish training programs for sewage treat-
ment plant operators, such as the Neosha School
in Missouri and operator training programs in
Michigan and Texas.

b. Operator Certification

Establish certification standards by 'States and
otherwise improve professional status of waste
treatment plant operators.

c. Sem,inars and Short-Term, Training

Increase opportunities for seminars, short-term
courses, and other training procedures for the ben-
efit of professional water pollution control
workers.

d. Support Professional Training

Increase opportunities for training p.ofessional
workers through increasing the number of training
grants to universities for support of training pro-
grams, including expansion and improvement of
facilities and payment of stipends to participating
graduate students.
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C. Research Needs

Research is needed to develop new waste treat-
ment methods and to adapt known methods to the
treatment of specialized types of wastes. Exam-
ples of the areas in which expanded research of
this type is needed are (1) advanced waste treat-
ment research ; (2) improvement of existinff waste
treatment processes; and (3) industrial research.

1. Admanced Waste Treatment Research

More effective processes are necessary to remove
larger amounts of impurities from water to permit
direct and repeated reuse. After satisfactory de-
velopment of the pilot models of such advanced
treatment techniques as adsorption, electrolysis,
foaming, and coagulation, full-scale application of
the most efficient and least costly method for waste-
water renovation is needed. rtesearch costs for
advanced treatment at the Federal level on the
order of $200 million over a 10-year period would
certainly appear warranted in view of the need and
probable benefits from a successful program.

2. Improvement of Waste Treatment Processes

Research to improve conventional treatment
methods to gain efficiency or reduce costs would
be on the ord.er of $25 million ovilr a1.0-year period
by the Federal Government and approximately the
same amount by industry.

3. laustrial Research
Increased attention needs to be given in indus-

trial research and development to determine effects
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of new products and new technologies on the en-
vironment. Means to reduce anticipated damages
must be sought in the research and development
process.

An example of specific studies which have been
conducted in this area are those made by the de-
tergent industry. A new, more readily biodegrad-
able "soft" detergent was developed that has
diminished the foam on waterways caused by
"hard" detergents which were not broken down by
conventional treatment processes. Similar ef-
forts are needed in the pesticide field to develop
pesticides that can achieve the intended purpose
but have no harmful side effects on. other compo-
nents of the environment.

4. Economic Studies

Studies should be conducted to gain a better mi-
derstanding of the costs and consequences of water
pollution control, both monetary and intangible,
in order to facilitate decisionmaking. Studies
would permit better comparison of investments
and returns in pollution control among an array of
investments and returns for other resource devel-
opment activities.

An example of specific studies needed include :
(a) Determination of incremental costs and bene-
fits for changes in water quality ; i.e., what costs are
incurred and what benefits are provided as a result
of changing dissolved oxygen levels in a stretch of
a river from 4 to 5 p.p.m.; and (b) what costs are
required to achieve and maintain a quality of wa-
ter that optimizes user benefits.
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Report on the Solid Waste Problem

I. Description of the Problem and Issues

Probably the most serious shortcoming in the
field of public works since World War II has been
a chronic inability to evaluate the status of the
art of solid waste disposal and to develop logical
and economical systems to meet the changing
times. Although some $3 billion are spent an-
=ally in the United States to collect and dispose
of refuse and other solid wastes, the collection and
disposal practices in common usage are but little
improved over those of a quarter century ago.
Much of the blame must be attributed to the very
nature and origin of the problem: Waste disposal
has historically been relegated to the lowest levels
of responsibility.

It is only too common a practice in all but the
largest metropolitan areas in the United States to
find solid waste management conducted through a
"dirt-under-the-rug" approach. As long as refuse
does not pile up in the streets or on the curbs
or in the alleys, and as long as the rat-infested
dump annoys only the nearby, residents, matters of
efficiency, economy, public health, and safety are
overlooked, and the more "pressing" (and better
understood) aspects of community life are studied
and financed and programs implemented.

Solid wastes have not been accorded tbppropriate
recognition as a national problem, pnlike the liquid
waste systems which require thoughtful design and
construction, careful operation, and strong public
support for generous funding. Ill the deceptive
simplicity of solid waste collection and disposal
operations lies the delusion.

Surveys of solid waste collection and disposal
practices throughout the Nation reveal very few
consistencies. Often the going practices turn out
to be the result of cut-and-try techniques handed
down from one generation to another. In the Los
Angeles metropolitan area, for example, separate
collection of food wastes for use as hog food con-
tinued for many years after the economic advan-
tage to the communities was grossly outweighed
by the far greater costs of making two separate
collections. In other cities where outmoded col-
lection service is provided by shoveling refuse from
vaults, leaves are pitchforked from loose piles,
separate tracks are clriven over identical routes to
different classes of refuse, and all deposited at
the same disposal site, where an expensive in-
cinerator was built on wastelands that could be
reclaimed by sanitary landfilling.
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II. Technologies That Cdould Tle Applied To So.hing Idle Problem

A. History of Solid Wastes Research

Introduction

Public disinterest in rejected materials has been
reflected in a neglect of research in solid wastes
management, with the result that problems have
multiplied faster than solutions. After World
War II the problems of solid wastes management
could no longer be ignored, and concern has now
reached national proportions. In 1949 the State
of California began research which has continued
at varying levels of intensity under a, variety of
sponsors. Similar investigative work was carried
on throughout the United States by public agen-
cies.

The early researcher was confronted with a
dearth of reliable information on technology and
economics of wastes management. When studies
of composting of municipal refuse were initiated
at the University of California in 1949, literature
search turned up some 10,000 references, essen-
tially, none of which revealed any scientific under-
standing of the process or of its utilization in an
engineered system. Investigations of incineration
showed it to depend upon a technology empirically
derived and poorly defined. Sanitary land filling
was found to involve practices of obscure origin
and undocumented relevance.

Scope of Research

Research in solid wastes management has been
directed to the discovery of basic information, to
the development of processes and technology, to
the impact of wastes management schemes on the
air, water, and land resources, to the economics of
collection and disposal, and to jurisdictional and
planning problems. While the scope of past re-
search may not be inappropriate, it has been lim-
ited by the inadequate scale of research and lack
of effort to translate knowledge into effective sys-
tems.

Studies have yielded some basic data on the
types, amounts, physical characteristics, and origin
of refuse. Studies now being conducted by the
California State Department of Public Health
for the San Francisco Association of Bay Area
Governments are producing similar data for the
total wastes of metropolitan areas. From such in-
vestigations the nature of solid wastes may be es-
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tablished for specific areas, but the climatological
and geographical variations from one area to an-
other are so great that such data have only limited
general usefulness.

From research on process fundamentals has
come knowledge of the principles of composting,
the fuel value of refuse, optimum incineration tem-
peratures, the general nature of combustion prod-
ucts, and similar basic data.

Development of Processes and Technology

Investigation and demonstrations of technical
feasibility have been conducted for incineration,
composting, landfilling, grinding organic wastes
with water and discharging the slurry to the sew-
erage system, and salvage and reclamation, but to
different extents and with varied results.

Incineration

University research groups and public agencies
have obtained significant information on the de-
sign, operation, and instrumentation of an incin-
erator, including the effectiveness of its various
components and the control of its stack effluents.
Studies of home incinerators have also been made.
While such research has done much to improve
the process, such factors as air pollution control,
the growing volume of wastes, and the increasing
urbanization of the Nation have spurred interest in
research and development along the following
lines :

1. Improved methods of refuse handling and
furnace charging.

2. Determination of stoker and grate perform-
ance.

3. Establishing more precise design criteria.
4. Methods of sampling and monitoring incin-

oration process and stack discharges.
5. Mechanical methods of removing fly ash and

residue.
6. Control of particulate and gaseous stack dis-

charges.

Com,posting

Studies of composting at the University of Cali-
fornia, Michigan State University, and elsewhere
in the early 1950's established the fundamentals of
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composting. Field scale demonstrations of open-
windrow composting were conducted at Oakland
and Berkeley, Calif., and mechanized composting

wasdemonstrated at Altoona, Pa.; Norman Okla.;
Sacramento and San Fernando, Calif. ; and

Phoenix, Ariz. Pilot compostingplants have been
operated at Burbank, Calif., and in Los Angeles.

Several other successful and unsuccessful experi-
ments have been conducted in the United States.

Composting combined with sanitary landfillhig

was demonstrated at Chandler, Ariz., by the U.S.
Public Health Service, and application of the
process to animal manures, farm wastes, sewage
sludge, and cannery wastes have been investigated
on a small scale. The National Canners Associa-
tion, with PHS research grant support, is now
operating a pilot plant for composting wastes from
fniit and veg;etable canning in California.

Investigative work needed to establish compost-
ing as an effective process in solid wastes disposal

includes:
1. Determination of the market (or lack of

market) for compost. Inability to develop mar-
kets has been a main cause of failure of compost-
ing schemes in the United States.

2. Demonstrationprojects to refine technical de-

tails and establish the economics of composting.
3. Development of equipment and methods for

large-scale use of compost inagriculture.

Sanitary Landfill

Research on the sanitary landfill process and
related problems has been directed to a variety
of objectives. The University of California re-
ported on the methods and tecliniques utilized by
13 cities and on the economics of landfilling. The
American Public Works Association and the
American Society of Civil Engineers each pre-
pared manuals of sanitary landfill practice. Man-
agement of fills and cover material to prevent the
emergence of flies was investigated b-v the Cali-
fornia State Department of Public Health, and
the California Water Quality Control Board spon-
sored studies of the ground water pollution poten-

tial of landfills.
Although sanitary landfilling is capable of han-

dling the total solid wastes of a community, its
broader application would be intensified by the
following investigations :

1. Development of methods for precompacting
refuse before placir.:- in the fill.

2. Investigation or construction methods and
building desioi.n to permit use of completed sani-
tary landfillsfor residential ar 3 industrial sites.

3. Improvement of methods to incorporate dem-
olition debris in landfills.

4. Investigation of the deposition of compacted
refuse in submarine canyons.
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5. Development of means for using sanitary
landfill at sites having high ground water levels.

Grinding to Sewer

Field-scale studies of shredding organic refuse
and discharging it to the sewer have been con-
ducted in southern California. Practical appli-
cation of the method to a combination of commu-
nity wastes such as animal manures, paper, gar-
bage, tree trimmings, cannery wastes, plastics,
glass, and similar grindable or shreddable mate-
terials would require a number of investigative
studies, including :

1. Determination of the range of materials
which can be water transported in an existing
sewer system.

2. Determination ofthe ability of existing waste
water treatment processes to handle shredded ref-
use materials.

3. Studies of process modifications and exten-
sions, and the economics of adapting existing sew-
age treatment systems to dispose of water-trans-
ported refuse.

4. Studies of feasibility and the materials-
handling techniques needed to utilize sanitary
sewers ft s a transport system.

5. Determination of thepossibility of converting
refuse to particles which might be piped to the
ocean and discharged without having floating
particles or other pollution.

Salvage and Reclamation

Numerous experiments have been conducted on
separation of salvageable materials from mixed
refuse. These have 1 yen relatively crude, practi-
cal attempts to reduce costs to a profitable level, or
to develop sophisticated devices, such as magnetic
or ballistic separators, to salvage some particular
element of refuse.

Experiments on reclamation of selected and
limited amounts of certain organic fractions of in-
dustrial wastes have developed such products as
bone meal, industrial alcohol, vegetable oils, ani-
mal feed filler, and wallboard from various com-
ponents of solid wastes. Economic factors have
limited the practical application of these methods.
Needed studies in the field of salvage and recla-
mation are :

1. Methods of isolating salvageable materials
before they become mixed into the total refuse.

2. Mechanical methods for rapidly and ac-
curately selecting specific items from refuse; for
example, various alloys of brass and aluminum,
clear glass, and clean paper.

3. Basic research on the reclamation of reusable
raw materials from solid wastes. Determine what
compounds can be reclaimed and how reclamation
can be accomplished technically and economically.
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Reduction in Solid TV aste Quo/laity

Little research has been directed to reducing the
volume of solid wastes at the point of origm or
disposal. Studies directed to such objectives
include :

1. Development of soluble or degradable
containers.

2. Improvement of methods of field processing
of agricultural products.

3. Development of varieties of foodstuff with
minimal waste fraction.

4. Feasibility of legal restrictions on nonreturn-
able containers, junk mail, etc.

C ollection and Hauling

Research on the economic and logistical aspects
of refuse handling, including studies made by the
University of California which developed pro-
cedures by which an economic collection and haul
system can be designed. Consulting engineering
firms have also made studies for public agencies
on both collection systems and equipment, but
there is need for an entirely new approach through
such avenues as:

1. Application of modern computer techniques
and systems analysis to optimize collection systems.

2. Use of existing transport systems, such as
public sewers, rapid-transit facilities, etc., for
transport of solid wastes.

3. Studies of feasibility of long-distance trans-
port of refuse by highway, railway, and pipeline
to remote disposal facilities.

Environmental Resources Management

Air Resources.The effect of solid wastes dis-
posal on air resources has imposed restraints which
require research beyond the relatively simple preb-
lem of controlling odors, dust, and fly ash in the
immediate locale.

Incineration of solid waste materials results in
a significant burden to the atmosphere. Principal
attention has been given to the abatement of par-
ticulate emissions b3r internal settling basins or
chambers in the incinerator and by particulate
collection devices such as cyclones, electrostatic
precipitators, and water scrubbers. Much less re-
search has been performed to determine and con-
trol the types and quantities of organic gaseous
products from the combustion of solid wastes, even
though this group of emissions may pose the more
serious threat to public health. Organic com-
pounds in gaseous effluent include aldehydes, oxides
of nitrogen, organic acids and esters, phenols, and
polynuclear hydrocarbons. All cause abnormal
physiological responses and some are known to be
carcinogenic. Lack of research on the gaseous
products, particularly the organics, has been due to
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inadequate analytical tools and time-consuming
analytical processes, but extremely sensitive an
relatively rapid methods have recently become
available to separate and identify these and other
complex compounds.

Specific research needed on the effect of refuse
incineration and open buniing on the air resource
includes :

1. Quantitation of organic emissions in flue gases
in relation to type of refuse processed; pertinent
operating parameters are yet to be determined.

2. Determination of public health aspects of
incinerator emissions.

3. Determination of the fate of organic residues,
such as pesticides and herbicides, when agricul-
tural solid wastes are burned.

T V ater Resources.Ground water pollution by
solid waste disposal has been of concern, especially
in areas where water is scarce and ground water
forms an important supply. Most research has
been directed to effects of landfills on surface and
ground waters.

Serious concern has arisen on the question of
ground water pollution from lanafilled rubbish by
two mechanisms : (1) Carriage of water through
the refuse and subsequent combination of the
"leachate" with ground water, and (2) solution by
the ground water of gaseous products of
decomposition.

The relationship between refuse disposal and
water pollution has been extensively studied in
southern California. A 1961 collation study for
the State presented the known data on the effects
of refuse dumps on ground water quality and de-
lineated additional specific study areas. Subse-
quent research investigated leaching from sanitary
landfills and ash dumps (1953), determined the
quantity and quality of gases produced during
refuse decomposition (1964), and, currently, fac-
tors controlling utilization of sanitary landfill
sites. These results showed that little or no im-
pairment of ground water will occur from leach-
ing if the fill is properly located away from inter-
cepting ground water, but gross pollution may
occur if ground water intercepts refuse.

Gas movements from a sanitary landfill, methods
for controlling and minimizing the passage of
gases, primarily CO2, into the underlying ground
are under study. (The solution of CO2 in water
renders the water more addic, resulting in in-
creased mineralization of ground waters.) It was
found that sizable concentrations of CO2 could be
expected to be held in contact with the soil for
many years. Field and laboratory research is now
directed toward management procedures, such as
controlled gas venting and impervious membranes,
and development of procedures for minimizing po-
tential CO2 pollution.
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Laind Resources.Solid wastes management, as
it relates to land resources, has generated research
largely concerned with landEling processes.
Competition for land resources increasingly affects
solid wastes management. The State of Califor-
nia is evaluating disposal of solid wastes on the
shoreline as a land feature having varied resource
values.

Much research is needed in this field:

1. Resource Planning. Determine the institu-
tional and legal means of bringing solid wastes
and land resource management together at a policy
level.

2. Land Use Planning. General and specific
considerations are :

a. Local land use studies combined with
solid wastes management.

b. Develop a "land pollution" policy similar
to air and water pollution policies.

c. Need for development of a "problem-
shed" system of solid waste management.

Jurisdictional Problems.Any study of local
roblems in solid wastes management reveals the

culty of providing adequate management with-
in a framework of uncoordinated and overlapping
jurisdictions, each with limited authority and
responsibility. A current study in California seeks
to apply operations research methodology to de-
velop optimum jurisdictional arrangements for
wastes management on a communitywide or re-
gional basis;

Needed research falls into two broad categories:

1. Legal and Institutional Factors. A. study
of public policy, legislation, and institutional ar-
rangements necessary to improve jurisdictional
approaches to wastes management.

2. Systems Analysis. The application of mod-
em operations research techniques to optimize solid
waste disposal systems.

13, Proposals for the Solution of the Problem

Proposals for solving the solid wastes problem
originate from three sources: Governmental
groups, including local, State, or Federal public
health departments, consulting sanitary engineer-
ing firms, and solid waste disposal process, equip-
ment, or systems entrepreneurs. Two other groups
provide valuable assistance in the study of solid
wastes, but they are passive participants in the
development of solutions: (1) Universities and
technical institutions may study elements of the
solid wastes problem, but do not serve as decision-
makers in seeking solutions, (2) professional
organizations such as the American Society of Civil

I ie
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Engineers, the American Society, of Mechanical
Engineers, the American Public 'Works Associa-
tion, and the Air Pollution Control Association
may compile information and circulate technical
discussions which assist in the formulation of con-
cepts regardir.g solid wastes problems. In Cali-
fornia, a $100,000 quay waQ made eklrine/ fhA
summer of 1965 by a private firm, on the concept
of "totally integrated waste management," to pro-
pose ways and means whereby liquid, gaseous, and
solid wastes from the Greater Sacramento area
can best be handled. Systems analysis tedmiliues
for solution of solid wastes problems have also been
studied b_y the Technological Institute at North-
western University for several years.

Governmental Agencies

The larger governmental agencies engaged in
a "utility-type" enterprise often devote a portion
of their flinds to research and development but
smaller agencies may not be able to engage the
necessary engineering specialists and keep them
profitably applied to the solution of future prob-
lems. From these larger groups have come solu-
tions to solid wastes problems for specific localities,
with some applicability elsewhere. Larger metro-
politan areas may continue to produce carefully
engineered proposals to solve solid wastes prob-
lems for their own areas, but nothing short of State
or Federal effort will produce proposals for state-
wide or national application. Tax funds which
support a local agency cannot be used to make
studies or develop proposals for areas other than
those from which the funds were derived.

Some proposals developed and adopted by gov-
ernmental agencies are relatively successful; but
they are not sufficiently comprehensive. In the
late 1940's, New York City embarked on a pro-
gram for disposal of combustible solid wastes
which requires 11 large incinerators. These may
cost over $90 million before the program is com-
pleted in 1968. The program was decided upon
when a search for landfill sites failed to reveal
enough capacity for a long-range landfilling pro-
gram. The Los Angeles County Sanitation Dis-
tricts, on the other hand, found that landfill sites
sufficient for 30 or more years existed in the metro-
politan area. Much thought was later given to
transporting refuse to more remote sites by trans-
ferring refuse from collection trucks to large-
volume truck trailers. By this teclmique, since
incorporated in the system, solid wastes can be
transported up to 50 miles from the metropolitan
center to landfills before costs exceed those for
incineration. Neither these or similar studies have
dealt with the problem of solid wastes collection;
about $8 out of $10 spent on solid wastes disposal
go for collection ; the other $2 are spent on disposaL

Most "comprehensive" solid wastes studies are
"disposal" studies, and few studies of the basic
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problems in solid wastes collection are being un-
dertaken. The California study mentioned earlier
deals with refuse collection problems to a limited
extent, and the Los Angeles County Sanitation
Districts are studying the use of large-diameter
sewers for conveying large sivantities of ground
solid wastes from centrally located grinding sta-
tions to sewage treatment plants for removal and
treatment by digestion, composting, or wet-com-
bustion. The latter studies to date are encourag-
ing and the economics appear favorable. The Los
Angeles County Sanitation Districts are also con-
ducting studies of solid wastes compressibility to
develop a suitable system for disposal at sea. The
agency is not empowered under the State law to
collect solid wastes, consequently it is not conduct-
ing collection studies.

The U.S. Public Health Service, through the
Division of Environmental Engineering and. Food
Protection and, more recently, the Office of Solid
Wastes, has been instrumental in conducting and
encouraging basic research in solid wastes. The
Office of Solid Wastes is presently cooperating
with the Tennessee Valley Authority in a demon-
stration of composting municipal refuse and de-
termining its application in an agricultural region.

Commercial Agencies

Proposeis for the solution of specific solid wastes
problems come from three types of commercial
enterprises :

1. Agencies engaged in the manufacture and
sale of equipment used in solid wastes collection
and disposal.

These agencies include manufacturers of 1.-guse
colleccon trucks, specialized materials-handling
vehicws, earthmoving equipment, waste-storage
containers, and incinerators. Some manufac-
turers spend considerable time and money in sales
promotion for equipment, P.rstems, and processes.
Some use excellent motion pictures and other aids
to demonstrate the suitability of their products.
Many small communities receive little other in-
formation or guidance for their solid wastes
problems.

2. Agencies engaged in the marketing of solid-
waste disposal processes, usually patented.

The feasibility of these processes may depend
upon expected profit or economies such as sale of
salvage and end products or reduction in disposal
costs. These proposals have two things in com-
mon : (1) They depend on careful segregation of
solid wastes before or subsequent to collection, and
(2) they propose solutions for limited portions of
solid wastes and solve nothing with respect to the
remainder. Early failure has been all too common.
Composting and destructive distillation (carbon-

ization) have been attempted in areas where the
market for compost and charcoal has been far
below design estimates. Such processes may filid
their 13lace in the total solid, wastes disposal pic-
ture, but they are not panaceas.

3. Agencies operating private solid-waste dis-
posal systems.

Contract collection of municipal refuse or solid
wastes from markets and industries and the con-
tract disposal of solid wastes are all very much a
part of solid-waste practices. Although sewage
collection and disposal is almost exclusively a gov-
ernmental function, solid-waste collection and dis-
posal operations hi. the United States are divided
between private and public agencies. Most major
cities in the United States conduct their own mu-
nicipal solid-waste programs, but there is no pat-
tern for the small communities. By contrast, Eu-
ropean practice is ahnost exclusively govern-
mental. Several cities (Omaha, Phpenix, and
Houston) have solicited bids for privately oper-
ated solid-waste disposal facilities. The private
composting plant at Phoenix has been cliscon-
tinued and Omaha is reported to have rejected all
bids. Houston has let bids for an incinerator and
a composting plant and two more compost plant
bids are pending. A private firm is building a
compost plant at St. Petersburg, Fla., on contract.
The public health and safety aspects of and
wastes disposal should receive careful considera-
tion when a determination is being made as to
whether a system should be based on profit incen-
tive or upon governmental motivation. Where
salvage is involved, private enterprise may be bet-
ter able to adjust to market fluctuations.

Consulting Sanitary Engineers

Proposals to solve solid wastes problems origi-
nate as a statement of the problem by a client;
only then is a solution afforded by the consultant.
Consulting sanitary engineers will continue to pro-
vide solutions to solid wastes problems on specific,
local bases. Consulting sanitary engineers are not
usually funded to pursue research beyond the
needs of their clients, although a limited amount
may be necessary for them to remain competitive.
Studies by consulting sanitary engineers are
usually limited to a single city, but recently sev-
eral countywide studies have been proposed and
at least two have been undertaken. Relatively few
sanitary engineering firms make a realistic effort
to understand the solid wastes problem, although
they have an impressive array of specialized en-
gineering talent. Consulting engineering services
have not yet been applied to generalized, solutions
of the solid-waste problem, perhaps because of the
lack of a suitable vehicle to coordinate use of such
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talent. Many consulting engineers have long
shown little interest in the solid wastes field, since
for years sewerage and water-supply projects have
been the sanitary engineer's "stock-m-trade."
Now that solid wastes problems are receiving

eater attention, many firms are recognizing
e business potential and (rather hopefully)

list "solid wastes" as an added specialty. There
is a current need for a several-fold increase in
consulting service for solid-waste disposal and
a rapidly increasing future need. The problem
of judging which firms have capability in the
solid wastes field is difficult for local officials.

C. Extent That Technology Is Presently Avail-
able

The chnology of solid wastes management has
developed, as have most other technologies, by
gradual improvement of equipment and techniques
to alleviate problems.

In order to present the current state of the art
in solid-waste management rationally, it is neces-
sary to examine solutions in terms of problems.

Solid Waste Production and Initial Handling

Solid waste is produced throughout the world.
The problem begins with the gathering of solid
wastes for collection and may include separation,
bundling, or other types of preparation. This
function is usually performed by the producer
the householder or business operator.

A change in this procedure is the use of gar-
bage grinders. This change was due to house-
holder demand for added convenience and sales
ingenuity on the part of manufacturers. This has
demonstrated that the householder may be willing
to make the required capital investment for refuse
disposal. Similar changes may support convert-
ing even greater fractions of solid wastes into the
liquid-waste management systems.

Collection Systems

In urbanized society, collection vehicles are
periodically sent through the neighborhood, gath-
ering accumulated wastes. Motorized heav
equipment now allows greater loads to be carried
by each vehicle, and emptying refuse is much more
convenient. Increased vehicle capacity, speciali-
zation, and range permits selection of remote dis-
posal sites.

Time and motion studies have been made to de-
termine whether refuse should be stored and picked
up at the rear of the house or whether the house-
holder should place refuse at the curb for collec-
tion. Studies have also been conducted on the sep-
aration of salvageable items at the point of origin
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so that salvag. e would help defray the cost of refuse
disposal. New systems of magnetic and ballistic
separation, subsequent to collection, are presently
being investigated and operated on a limited scale.

Transportation

Vehicles designed for collecting refuse are not
suitable for transporting refuse an3r great dis-
tance. The specialized nature of the loading and
packing devices on collection vehicles increases
their cost, and it is not good economy to have them
out of collection service during long hauls to the
disposal site. For this reasonl refuse transfer
stations, where the collection vehicles are unloaded
into large-capacity trucks for bulk delivery of re-
fuse to the disposal site, have become economically
feasible. Systems-optimization analyses of collec-
tion and transportation schemes are helpful in de-

°signing such systems to meet the wide variety of
local conditions which influence the total cost of
transportation and disposal.

Disposal Systems

Disposal systems may be of two types : (1) Dis-
posal without provision for salvage or energy re-
covery ; and (2) disposal with partial, or nearly
complete, recovery of salvageable material and/or
energy.

Disposa2 Without Material or Energy Recovery

The following disposal methods are in common
use in the United States :

1. Open dumps.
2. Sanitary landfills.
3. Central incineration.1
4. On-site incineration.

Open Dumps. Open dumps, although common
in the United States, cause a varicty of difficulties,
including the production of rodents, mosquitos,
fires, and odors, and are unsightly and offensive to
nearby residents. Sanitary landfills can replace
dumps at relatively small additional expense. As
the welfare of the country's smaller towns im-
proves, open dumps may be eliminated with only
slight prodding on the part of public health and
public works agencies.

Sanitary Landfills. A sanitary landfill is an en-
gineered burial of solid wastes. The problems
common to open dumping do not develop. The
technology of sanitary landfills has been improved
by research to determine such factors as the depth

1Technically speaking, there are a few instances where energy
is recovered heat. This represents a very small fraction of the
total energy available.
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of compacted earth cover required to prevent in-
sect, rodent, and other vector infestations; the
dangers of leachate reaching and contaminating
ground water; the amounts and types of gas pro-
duction and movement within the soil; the rate
of settlement, and many other features. A. sani-
tary landfill can be a very desirable asset in a com-
munity since, when completed, the site can be used
for such purposes as recreation and parking or
light construction.2 An excellent sanitary land-
fill may be conducted for a total cost of ap-
proximately $1 per ton of refuse disposed (in-
cluding amortization of land costs) . Problems
such as underground fires and dust nuisances
created during construction result from careless
operation and are easily minimized by careful
management.

Mu/Aided Incineration. Many U.S. communi-
ties, particularly the larger ones, use municipal
incinerators to reduce the volume of solid wastes.
Noncombustibles are either collected separately or
passed through the furnace along with the other
refuse. Magnetic devices may be used to separate
ferrous metal from the ashes for salvage. In-
cineration reduces the rate at which land is used
by one-half to a third of that required for sanitary
landfilling. The operating cost of large-scale in-
cinerators generally runs from $4 to $5 per ton,
including ash-disposal costs.

Since transfer stations canbe built and the waste
transported to landfills up to 50 miles distant at
a total cost of less than $5 per ton, a community
should seriously consider such systems as competi-
tive with incineration, if suitable landfill sites are
available within this distance.

No current municipal incinerators are consid-
ered acceptable where climatological conditions
create severe smog concentrations. Conventional
designs can be used only at low (half normal)
charging rates if Los Angeles' incinerator stand-
ards are to be met. Although the incinerators
may be equipped with electrostatic precipitators to
control particulate emissions, either of these al-
ternatives increases incineration costs by an addi-
tional $6 to $8 per ton.

Incinerator equipment manufacturers are de-
veloping improved furnace equipment. Publica-
tions on this subject representperhaps one-half the
literature available in solid-waste disposal.

Onsite Incineration. Incinerators for effective
disposal of combustible solid waste in the home
and for apartment buildings and small business
or commercial establishments, offer great promise
for reducing the volume of solid wastes at the
source. Present designs are generally inadequate

'In a few cases where land values have increased phenom-
enally it has become possible to construct the necessary founda-
tions to make building on fills a practicality.

and such incinerators contribute significantly to
air pollution. Additional research, development,
and Ilemonstration are needed before this form of
onsite incineration can be effectively applied to
the solution of solid-waste disposal problems.
Some communities still peimit back-yard burning
of refuse as an onsite disposal method. This in-
efficient process invariably produces smoke prob-
lems. It remains in use in isolated communities
and rural areas, but poses serious problems.

Other Method8. Municipal refuse has been dis-
posed of at sea, but remnants drift back to shore
and this method of disposal is not being used on
any substantial scale in the United States. It may
have potentials if solid wastes can be processed
so as to cause them to sink to and remam on the
ocean floor.

Dispo8al With Material or Energy Reclanzation

The following methods are in use, or have been
used, to dispose of waste and to salvage material
and energy:

1. Grinding garbage to the sewers.
2. Feeding wastes to swine.
3. Fertilizer production.

Ground Garbage to the Sewers. When garbage
is ground and discharged to the sewer, most of it
is treated in the treatment plant's digesters. Ad-
ditional methane which is produced by the digest-
ers can be used as a supplemental or primary
source of fuel. Digested sludge may be dried and
used as a low-grade fertilizer or soil conditioner.

Research has been conducted on the effects of
varying amounts of cellulose in sewage sludge and
its effects on anaerobic digestion. ' 'This research
indicates that much of the paper (cellulose) fru-
tion of refuse might also lae amenable to diges-
tion and hence, if it could be shredded and de-
posited in the system, it would present little
problem and considerable potential to the produc-
tion of methane gas (increased digester capacity
would of course be required) .

Feedimg Waste8 to Swine. In the past, many
cities disposed of garbage by feeding it to swine.
To prevent the spread of vesicular exanthema in
hogs, and trichinosis in humans, laws were enacted
to require that garbage be sterilized by cooking
before it could be fed to animals. Where wide-
spread use of household garbage grinders has re-
duced the amount of garbage and, where the costs
and inconvenience of separate garbage collection
are excessive, feeding of garbage to swine has
declined.

Organic commercial wastes and restaurant and
institutional garbage are sometimes still fed to
swine, since such wastes are amenable to cooking.
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Fertilizer Production. Composted refuse has
some fertilizer and soil concbtioner potentials.
Composting is widely practiced in Europe, since
European agricultural practico7 have long used
manures and composts and there is an established
market for compost. The U.S. market for com-
post does not appear as favorable.

Composting ventures have failed in this coun-
try, except for a few relatively small plants.
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To help evaluate the overall market for com-
mercial organic mulch, it may be noted that dairy
manure in Los Angeles has a value of a negative $2
a ton f.o.b. the d.airy and in Arizona the value
of steer manure is zero and is dropping.

An integral part of composting is th.e separa-
tion of metals, rags, and glass from the refuse;
presently the salvage value of these materials is
barely sufficient to pay for the cost of separation.



III. Obstacles to Solution

A major obstacle to the solution of solid wastes
problems is the lack of an awareness on the part of
governmental decisionmakers that the problem
even exists. This lack of awareness exists at all
levels, including the mayors and councilmen of
cities, county supervisors, State administrations,
and, until recently, at the Federal level. The
Solid Waste Disposal Act, Public Law 89-272,
enacted late in 1965, marks a new awareness at the
Federal level. The Office of Solid Wastes has been
established within the Public Health Service to
carry out the comprehensive program authorized
by this legislation. At a study conference held at
Cincinnati in 1964, some 30 solid wastes specialists
stated unequivocally that the most pressmg need
in the solid wastes field is for a concerted effort by
the Federal Government to make top-level officials
at the State, county, and local government levels
aware that a serious national problem exists in dis-
posing of solid wastes. The study group also rec-
ommended a number of 1-day or 2-day informa-
tional courses to be held regionally by the Public
Health Service, to be followed by a national con-
ference on solid wastes to dramatize the problem
and provide news and information meffia with
information on the scope of problems and the
fundamentals of solid wastes management.

Technological Obstacles

Presently accepted practices for solid wastes col-
lection and disposal have been little changed : Col-
lection vehicles usually turn out to be slightly im-
proved copies of last 3,ear's modelsexcept for a
modest "breakthrough" occasionally such as the
one-man right-hand drive vehicles being tested on
the West Coast. Incinerators are not greatly
changed, but refractories and internal equipment
are grad.ually being improved. Sanitary landfill-
ing is refined to the degree that it is an acceptable
practice in Los Angeles County, even when con-
ducted close to $125,000 homes.

Composting has been researched so that there
now are a number of documented processes that
produce acceptable compost from solid wastes.
The technological obstacles do not lie in failure to
understand the currently used processesi they lie
in a failure to develop new or unproved alterna-
tives. Even systems analysis becomes useless
when existing systems have been refined by trial
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and error methods until very little refinements
can be made, even by rigorous mathematical treat-
ment. Technological obstacles to the solution of
the solid wastes problem are found at the most
basic level of the system; i.e., the entire "hard-
ware" structure is based upon refinements of sim-
ple techniques that have 'been little changed for
many years.

As an example, a cursory consideration of the
megalopolitan developments occurring in major
cities indicates that present-day "onsite" storage of
refuse is not appropriate for multiple dwellmgs.
Special incinerators, collection, and storage sys-
tems have become essential. A. piped _pneumatic
collection system for sewage and solid wastes
might be feasible. In the Garchey system, solid
or semisolid wastes, including cans, bottles, paper,
garbage, sewage, rags, etc., are all conveyed to a
central holding tank for collection by special
trucks and subsequent treatment by burial or com-
posting. Technology in the field of solid wastes
systems for intensely developed communities in the
United States is generally inadequate.

Obstacles Created by the Vested Interests of
Existing Institutions

The interests most likely to present obstacles to
changes in the field of solid wastes may include
equipment manufacturers, salvage process owners
and patent holders, operating agencies, and some
consulting and public Ns, orks engineers.

Equipment manufacturers have the most to lose
in any major technological breakthrough. Devel-
opmental costs on specialized refuse collection and
solid industrial waste collection vehicles are sub-
stantial, and the annual purchase of collection ve-
hicles is estimated to be between $75 and $100 mil-
lion. New developments are unlikely to affect the
economy of this industry for a decade or more, but
reductions in vehicle collection of solid wastes
probably would be resisted.

Salvage process owners and patent holders are
directly affected by changes in public policy on
solid wastes management. A large salvage firm in
Los Angeles almost ceased operations after the
city discontinued separath collection of metal.
Patent holders in composting, destructive distil-
lation, or other such salvage operations will surely
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resist solid wastes systems that exclude application
of their processes.

Private companies in the solid wastes collection
field will most likely object to any changes that
would transfer the operation to the use of munic-
ipal sewers and sewage treatment plants before
their existing disposal sites were fillecl to capacity.

Engineers, both public and private, have vested
interests in the techniques that they know best.
Incinerator specialists, composting experts, trans-
portation consultants, and others may find that
changes in technology would require retraining
and perhaps temporary economic dislocation as
new bleas are developed and adopted.

Obstacles Created by Market Considerations

If the experience developed through the sale and
use of kitch.en food-waste grinders is an indication
of the market acceptance of new and improved
solid wastes systems in general, the public can be
expected to pay a reasonable cost for convenience;
the cost to tbe householder for owning, using, and
replacing garbage grinders averages about $0.75 to
$1 a month. Since many municipalities provide
weekly pickup of all refuse at the curbs, there is
little profit to the homeowner in. operating his own
garbage grinder. How successfully other forms
of solid waste can be disposed of without home
storage and truck collection remains to be seen.
Costs to the homeowner for such service may well
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be greater than present-day costs. More impor-
tant, present-day collection and disposal techniques
may not meet the standards we are setting for fu-
ture urban and metropolitan development. His-
tory suggests that people will demand the best
service their technologists can provide them, if
the cost is within reason.

Political Obstacles

Without a plan having as a basic element State
and interstate planning and cooperation among
local jurisdictions, the fragmented activities and
uneconomic duplication of disposal facilities will
continue. Although the county is frequently the
most logical unit of local government to provide
solid-waste disposal services, only 10 States have
laws which provide their counties with the ena-
bling legal authority and the administrative tools
needed to carry out the work. Where metropoli-
tan areas cover parts of several counties, other
operating disposal agencies will have to be devised
and organized to provide the advantages of area-
wide planning, disposal service, and economy of
scale. An example of fragmented jurisdiction
within the total urban-surburban-agricultural
complex that constitutes a modern community is
the San Francisco Bay area. Here there are 88

agencies responsible for solid-waste osal, each
seeking to dispose of its refuse in the ot er's back-
yard at 77 separate sites.



IV. Recommendations

1. Alert decisionmaking public administrators
throughout the Nation to the serious nature of the
solid wastes disposal dilemma. This could be ac-
complished in a number of ways e.g., by a series
of regional 1-day conferences tO reach the local
levels of solid wastes management responsibility.
These conferences may reasonably contmue for ad-
ditional days to meet the training needs of public
works officials and supervisory employees.

2. Enhance efforts toward national recognition
of the solid wastes problem through support of a
national conference on solid wastes management.
This would encourage news media to alert the gen-
eral public to support long-range planning, re-
search and development efforts.

3. gupport full implementation of Public Law
89-272, the Solid Waste Disposal Act, which pro-
vides funds for needed research, demonstrations,
training, surve3rs, and planning in all aspects of
solid-waste handling, particularly to develop new
and improved methods of solid-waste disposal for
urban, suburban and related industrial operations.
Review effects of this legislation to determine if
any changes are desirable after the first year of
operation.
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4. Encourage a comprehensive study of the
market for salvaged solid wastes (or energy there-
from) as an economic guide to the feasibility of
composting, destructive distillation (carboniza-
tion), incinerator waste-heat recovery, metal re-
covery (as from car bodies), glass recovery, and
fiber recovery. No valid estimate of the true eco-
nomic role of an individual salvage process can
be made until such broad market surveys are com-
pleted.

5. Encourage research directed to the develop-
ment of completely new systems of solid wastes
collection and disposal.

6. Conduct research and development aimed at
reducing air and water pollution and solid wastes
into basic residues, taking into consideration such
reductions as may be possible through reuse po-
tentials. Conduct demonstrations in experimental
regional environmental designs which incorporate
residue management systems.

7. Review the effect of recent Federal solid-
waste legislation to determine if any changes are
desirable after the first year of the program.
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The Role of Technological Change in Transportation
Policy

I. The Issues

Changes in technology in numerous areas have
created issues of importance to national transpor-
tation policy. These issues range from such easily
understood matters as the replacement of manual
labor in cargo handling by machinery to the basic
economic and fiscal policy decisions which the Fed-
eral Government is called upon to make in the
allocation of investments in such competing forms
of transportation as highways and inland. water-
way's.

The resolution of issues is complicated because
in most instances the choice, far from being sim_ple,
is between the best of several alternatives. This
multiplicity of choices is especially prevalent and
important in the transportation area, where not
only material resources but the effect upon human
resources must also be 'given major consideration.

Another factor which complicates the resolu-
tion of transportation policy issues and makes
even more difficult the most rational use of the
tools of technological research is the lack of ade-
quate data for planning at both the Federal and
the private level. As th.e Secretary of Commerce
has stated : ". . . there are major gaps in the avail-
able information about how people and goods move" Planning is difficult even with the best
data and there are large gaps in transportation
where no data exist at all. However, adequate
planning programs cost money and it has only been
in recent years that industry and govermnent have
been willing to spend significant sums of money for
programs that often do not give any assurance of
large-scale and quick returns for the investment.
Happily, this attitude appears to be changing, but
research and development outlays still are a minor
fraction of the total costs of transportation.

The changes which technology creates in the
transportation policy area fall into several discrete
but nonetheless interdependent areas. These
changes involve the attitude of workers and labor
unions towards shifts in labor requirements and
the rate at which they will be made. The attitude

1 Statement of John T. Connor, Secretary of Commerce to the
Subcommittee on Transportation and Aeronautics, Committee on
Interstate and Foreign Commerce, House of Representatives,
May 25, 1965.

of management toward decisions about invest-
ments in transportation equipment and facilities
depends to a large extent upon estimates of the
profitability of such investments and the possible
obsolescence rate of capital equipment.

Adequate training for changing tasks and the
allocation of costs of such training between the
worker, management, and government is still an-
other important issue. However, the drive toward
automation has not in any sense lessened the em-
phasis up:n higher skill requirements. Despite
all that is said about the efficiencies possible
through increased use of machinery, human tal-
ents are still a basic requirement to direct that
machinery.

Technological changes not only involve new
ways of performing the tasks of transportation,
but they also relate to new techniques intended
to improve the performance of present tasks. A
case in point is the research program now under-
way to 41evelop commercial aircraft to travel at
supersonic speeds: But such a program creates
many policy problems. How should such research
and development work be financed? Should there
be a major sharing of research costs between gov-
ernment and industry although the tangible re-

, sultsprofits from operationswill accrue mainly
to industry ? That persuasive arguments can be
made for either position is typical of many current
issues in transportation policy.

Technological changes in. transportation often
have an areawide or regrional impact. For ex-
ample, in. the past, the shift to diesel locomotives
greatly reduced coal consumption, which had a
significant effect u_pon employment in the coal
mining industry. There is little doubt that simi-
lar instances are at work in our economy today.
What should the attitude of government at all
levels be toward such technological unemploy-
ment ? Meaningful answers must be developed
for such issues.

2. National Requirements for Transportation

It is deceptively easy to define the national re-
quirement for transportation. Simply put, it is
for a transport system capable of transporting
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whatever needs to be transported when it needs
to be transported. When one begins to look into
the nature of that requirement, the task becomes
difficult.

Since it is impossible to stockpile ton-miles (for
freight) and passenger-miles (although the facili-
ties for their production can be stockpiled) the
measure of the national transportation require-
ment depends directly upon the level of demand
for goods and services production. Although, as
it will be demonstrated later, the correlation be-
tween the production of goods and services and
the production of ton-miles and passenger-miles
is not always precise, it is never negative for any
appreciable period of time. The reason for this
is apparent. Transport services are not produced
when there is no demand for them. (True, freight
cars, trucks, aircraft, and ships often move empty,
but such movements are usually part of the general
service pattern of the operator.) Therefore,
there must be a .continuing and basic correlation
between national economic conditions and require-
ments for transportation.

In recent years the national requirement for
transportation has moved steadily upward. The
increase in demand as reflected in the ton-mile
and passenger-mile statistics is illustrated in
table 1.

Transportation is such a major aspect of our
economy that its problems are of vital significance.

iWithout going nto detail, the impact of trans-
portation on our economy can be demonstrated by
the fact that payments for transportation account
for about 20 percent of our gross national product,
that is, one-fifth of the total value of all goods and
services produced by the national economy. Table
2 summarizes national outlays for transportation
in recent years and the share of GNP they
represent.

While table 2 illustrates the impact of trans-
portation in terms of cost and economic contribu-
tion, it does not show the economic pervasiveness

TABLE 1. U.S. TRANSPORTATION SYSTEM PERFORMANCE,
1955-64

Year

In billions

Ton-miles 1 Passenger
miles 2

1955 I, 274 665
1956 1, 356 697
1957 1, 336 695
1958 1, 216 705
1950 1, 290 736
1960 1, 328 759
1961 1, 327 769
1962 1, 393 802
1963 1, 462 834
1964 1, 550 875

1 Intercity traffic, includes regulated and unregulated traffic.
Intercity traffic, including autos.

Source: From data in Transportation-Facts and Trends, Transportation
Association of America, Washington, 1965, 2d ed., p. 7.

of the vast amounts spent for transportation.
Table 3 shows national costs for various freight
transport media, while table 1 presents shmlar
data for passenger transportation. These tables
demonstrate clearly that the transportation in-
dustry creates demands for goods and services that
penetrate the economic fabric of the country, and
lead to the creation of substantial peripheral and
subsidiary industries. Widely publicized studies
of the automobile industry, for example, show that
every State in the Union contributes something to
meet the demands for materials that go into auto-
mobile production.

We might logically ask what we get for such
expenditures of our national income. While this
may b, answered in several ways, perhaps the best
is in Lems of the or: put of the transportation in-
dir =17 in relation to the cost of that output. A
comparison of recent trei.ds in transportation out-
put measures (tor and passenger-miles)
with trends in the -.ost of prod.ucing them will
show what is happening to the unit cost of trans-
portation service and the same time permit a rough
appraisal of the effect o-f technological changes
on =it cost.

In 1958 intercity freight traffic for both regu-
lated and unregulated carriers reached an esti-
mated total of 1,216 billion ton-miles with the
freight bill estimated. at $40.85 billion. In 1964
the comparable figures were 1,550 billion ton-miles
and $56.08 billion. Thus, ton-miles rose by 27.5
percent and the freight bill by about 37.3 percent.

In 1958 intercity passenger traffic, including
private automobiles, totaled 705 billion passenger-
miles at an estimated cost of $47.96 billion. In
1964 passenger-miles totaled 875 billion and the
cost rose to $19.63 billion. Thus, passenger traffic
rose by 24.1 percent, and total costs by about 46.7
percent.

From these extremely rough calculations it ap-
pears that despite advances in technology and au-
tomation, the total unit costs of transportation
have not been reduced. This is not to say that

TABLE 2. THE NATION'S TRANSPORTATION BILL, 1958-64
(BILLIONS)

Transportation costs
in GNP

1958 1959 1960 1961 1962 1963 1964

Passenger bill $48.0 $54. 9 $58.0 $56.0 $61.8 $68. 0 $69. 6
Freight bill 40. 9 44. 0 44.5 45. 9 49.2 51. 9 56.1

Total 88.9 98. 9 102.5 101. 9 111. 0 117.9 125.7
Adjustments 1 1.2 . 9 -. 1 . 5 .5 .4 . 5

Adjusted total. _ _ 90.1 99.8 102.4 102.4 111.5 118. 3 126.2
Gross nationalproduet. 447.3 483. 7 503.8 520.1 560.3 589. 2 828. 7

Trainn&paapirreeconstt)s
1 20. 6 20.3 19. 7 19. 9 20. 1 20. 1

1 Government expenditures not included in passenger or fre ght transport
outlays, less duplications.

SOURCE: Adapted from estimates in Transportation-Facts and Trends,
Transportation .Association of America, Washington, 1965, 2d ed., supple-
ment, Jan. 1966, p. 2.
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TABLE 3. THE NATION'S FREIGHT BILL 1958-641 (MILLIONS)
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Transportation 1958 1959 1960 1961 1962 1963 1964

Highway:
Truck:

Intercity ICC regulated $6,081 $7, 087 $7, 155 $7, 402 $8, 062 $8,472 $9, 196

Non-ICC regulated. 10, 834 11, 419 11, 708 12, 705 13, 709 14,504 15,953

Local 9,335 10, 180 10, 568 11, 215 12, 175 13,440 14, 983

Bus 31 37 42 46 52 57 64

Total 26, 281 28, 723 29, 473 31, 368 33,998 36,473 40, 196

Rail: Railroads 8, 715 8,982 8, 706 8, 406 8, 671 8, 848 9, 181

Water:
International

1,331 1, 515 1, 514 1, 393 1, 538 1, 529 1, 480

Coastal, intercoastal and noncontiguous 665 704 689 677 666 655 632

Inland waterways 436 455 432 405 415 424 418

Great Lakes
221 224 277 244 252 266 296

Total 2, 656 2,898 2, 912 2, 719 2, 871 2, 874 2, 826

Oil pipeline:
ICC regulated

721 765 770 787 811 840 871

Non-ICC regulated
117 125 125 127 128 137 142

Total 838 890 895 914 939 977 1, 013

Air:
Domestic

137 157 173 189 218 234 271

International
99 109 123 141 162 177 195

All-cargo and supplemental 73 71 74 95 140 115 138

Total 309 337 370 425 520 526 604

Other carriers:
Freight forwarder 2 416 446 438 444 466 471 488

REA express 3 352 367 345 345 357 355 387

Other shipper costs:
Loading and unloading freight ears 1, 062 1,123 1, 098 1, 051 1, 082 1, 093 1, 108

Operation of traffic departments 222 235 241 249 258 267 276

Total 1,284 1, 358 1,339 1, 300 1, 340 1, 360 1, 384

Grand total 40, 851 44, 001 44, 478 45, 921 49,162 51, 884 56,079

Includes mail and express payments.
2 Domestic ICC-regulated carriers. Total revenues before payments forservices of other carriers.

8 Excludes air express, included in air data.

SOURCE: 1958-62, adapted from estimates in Tranaportation-Facts and Trends, Transportation Association of America, Washington, 1965, 2d ed., p. 3,

1963-64; ibid. supplement, Jan. 1966, p. 3.

technology has not had beneficial effects upon
transportation costs, for important evidence shows
that it has. However, economies derived from
technological advances seem to have been more
than outweighed by other increases.

What effect will technological advances have
upon the cost of meeting national transportation
requirements in the years ahead? If recent past
experience is any measure, prospects do not ap-
pear to be very bright. Virtually all economic
forecasts predict a continuation in the steady rise
of both ton-mile and passenger-mile performance,
and evidence of the past 10 years supports this.
Table 5 shows that from 1955 through 1961 ton-
mile performance rose steadily from 1,274 billion
to 1,550 billion. (However, during some years in
that period performance fell slightly below pre-
vious years.) The upward trend in passenger-mile
performance during the same period showed much
greater stability. Performaice rose from 665 bil-
lion in 1955 to 875 billion in 1961, with only 1 year
(1957) registering a decrease, and negligible at
that.

There is a much better correlation between GNP
and passenger-mile performance than between
GNP and ton-mile performance, which may have
some bearing upon the relationship between the

economic benefits of transportation technology re-
search and unit cost trends in the transportation
industry. For instance, it may indicate either
that new passenger transportation technology has
paid better dividends in reducing costs, or that
the benefits of the great technological advances
in freight movements have been largely if not en-
tirely negated by other cost increases.

While increased capital investment plays a
major role in technological advances, other factors
are also critical. For example, a time and mo-
tion type analysis of the San Francisco port area.
made by the National Academy of Sciences in
1958 concluded that the greatest savings could be
made not by substituting capital for labor, but by
rearranging more efficiently the existing labor
force -within the existing or slightly modified
physical plant. In this manner it was estimated
that costs could be reduced by 25 percent.

Thus, more rational application of technology
might contribute substantially toward reducmg
the steadily rising public and private cost of trans-
portation and make it possible to meet expanding
needs without relatively expanding the costs for
services. However, unless such an effort is made
we may have to become resigned to allocating some
20 percent of GNP for transportation. GNP for
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TABLE 4. ME NATION'S PASSENGER TRANSPORT BILL, 1958-64 (MILTadzis)

Type of transportation 1958 1959 1960 1961 1962 1963 1964

PBIVATZ

Auto (includes business use):
New and used cars $14, 916 $19, 303 $20, 237 $18, 120 $32, 093 $24, 311 $25, 549

Tires, tubes, accessories 2, 502 2, 787 2, 777 2,367 3, 017 3, 194 3, 505

Repair, greasing, washing, parking, storage, and
rental 5,177 5, 670 6, 134 5, 858 6, 138 6, 538 6, 662

Gasoline and oil 12, 922 13, 654 14, 457 14, 615 15, 231 15, 879 16;547

Tolls 295 345 363 372 386 408 432

Insurance _ 1,895 2, 119 2, 320 2,407 2, 405 2,450 2, 519

Interest on debt 2, 528 2, 672 2, 982 2, 942 3, 128 3, 572 3, 971

Auto registration fees 783 822 863 892 931 983 1, 069

Total 41, 018 47, 372 50, 133 48, 083 53, 327 57, 335 60, 254

Air (includes business flying):
.Aircraft 136 173 202 166 182 205 265

Operating costs 672 682 693 763 834 904 965

Total 808 855 895 929 1, 016 1, 109 1,230

Total privat.e_ 41,826 48,227 51, 028 49, 012 54,343 58, 444 61,484

FOR HI=
Local:

Bus and transit 1, 283 1, 309 1, 337 1, 322 1, 333 1,317 1, 338

Taxi 808 848 858 803 828 838 835

Railroad commutation . 124 125 122 127 127 130 134

School bus 420 441 474 596 MO 578 612

Total 2,635 2, 723 2, 791 2, 758 2.828 2, 863 2, 919

Intercity: 1
Air 1, 592 1, 910 2, 068 2,164 2, 398 2, 541 2, 691

Bus 530 565 538 611 655 630 671

Rail 680 647 835 610 593 511 492

Water 15 15 14 14 A 12 12

Total. _ 2, 817 3,137 3, 305 3, 399 3, 662 3, 694 4, 066

International:
Air 508 512 598 625 723 795 829

Water 172 268 267 240 267 3i9 336

Total 680 780 865 805 990 1, 105 1, 165

Total for hire 6. 132 6, 640 6, 961 7, 022 7, 480 7, 662 3, 150

Grand total, private end for hire V, 958 4867 57, 989 56, 034 61, 823 66, 016 69, 634

1 Includes 10 percent Federal excise tax until 1962, when it dropped to 5 percent on air only.

Sotmcz: Adapted from estimates in Transportation-Facts and Trends, Transportation Association of America, Washington, 965, 2d ed., supplement,

Ian. 1966, P. 4-

TABLE 5. TRENDS IN GROSS NATIONAL PRODUCT AND
TRANSPORTATION, 1955-64

Gross national
product 1

Transportation

Dollars

(billions)
Index

Ton-
miles

(billions)
Index 3

Passen-
ger-miles 4
(billions)

Index 3

1955 473 140 1, 274 125 665 165

1966 484 144 1, 356 133 697 173

1957 493 146 1, 336 131 695 172

1958 486 144 1, 216 119 705 175

1959 518 154 1,296 127 738 183

1960 531 158 1,328 130 759 188

1961 542 161 1,327 130 769 191

1962 576 171 1,393 137 802 199

1963 595 177 1,462 143 834 207

1964 623 185 1, 550 152 875 217

1 Tag 21:14.at of goods end services in constant 1964 dollars.
219r
a Ino7z.los both regulated and unregulated carriers.
4 Includes both for-hire and private carriers, including auto.

Bonzes: Ton-mile and passenger-mile data adapted from data in Trans-
portation-Facts and Trends, Transportation Association of America,
Washington, 1955, 2d ed., p. 5; GNP data for 1955-57 from same source; GNP
data for 1958-64, ibid., supplement, Ian. 1966, p. 2.

1975 is predicted to reach about $1,000
nearly 60 percent higher than the 1964 level; this
would mean that the national bill for transporta-
tion services in 1975 would reach some $200 bil-
lion, assuming the same 20 percent share. Thus
it appears essential that all possible efforts, includ-
ing more emphasis on technological advances, be
made to reduce that share.

3. Obstacles to Technological Advances in
Transportation

Thero little question that advances in trans-
portatio r,. technology, are often hampered bynifac-
tors which have little or no relation to b cal
feasibility. That is to say, the operation, tech-
nique, or process is technically feasible and could
be developed and applied if it were not for ob-
stacles. While a catalog of reasons for such ob-
stacles could be developed, they may be summa-
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rized as falling into three general areas : (1)
Objections to development cost, usually raised by
management, governinent, or the public ; (2) ob-
jections to labor displacement, almost always
raised by labor organizations but on occasion by
communities and public and private agencies con-
cerned with the economic impact of such displace-
ments; (3) apathy to change, possibly the most
important and often the most difficult to combat
because it is a silent obstacle.

The first obstacle, cost, usually is based upon two
factors. One is uncertainty as to the real cost
of proposed research, which, in many instances
neither industry nor government know. If the
estimated cost is set too high then the decision to
go ahead is blocked at the outset ; if the cost esti-
mate is unrealistically low the end results may
often be unsatisfactory simply because it was im-
possible to do what was necessary to achieve the

oal. The latter has probably caused much more
ssatisfaction with technological research in

transportationand in other fields as wellthan
the objection to high cost.

Underestimating research costs has another un-
desirable side effectfailure dampens the pros-
pects for research programs to follow, even
though later programs may be more realistic re-
spectmg cost. There are numerous examples in
both industry and government where such initial
failures were overcome only by the most urgent
demands for continuing research based upon criti-
cal competitive considerations in the case of indus-
try, or critical public needs in the case of govern-
ment. New procluct researchthe development of
the diesel engine in trucks and passenger cars, nu-
clear propulsion in merchant ships, and the jet air-
craft are typical examplescosts a great deal of
money, and sometimes the most dogged determina-
tion to stick with initial research is required for
ultimate success.

Cost as an obstacle sometimes stems from failure
to pursue the complementary research needed to
develop supporting techniques and equipment.
For example, it has been known for many years
that the efficiency of internal combustion engines
could be improved by using more heat resistant
metals, but their widespread adoption had to wait
until cost reductions made them commercially
practical for automobiles. Likewise, during the
last -.F.ew years the use of such once almost exotic
metals as stainless steel, aluminum, and magnesium
has been. greatly increased in the transportation
equipment fi.eld, primarily because costs have been
brought within the range of competition with other
less suitable but cheaper metals.

Baniers to technological progress arising from
objections to labor displacement have a long back-
ground. Early railroad development and expan-
sion was opposed by stagecoach and freight wagon
operators ; trucking development was opposed by
compqing forms of transportation. However, in
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these instances opposition was often based upon
resistance to capital displacement as well as to
labor displacement, and labor and capital joined
hands to resist the new technology. But most of
the resistance to new technologies which threaten
to displace labor or reduce labor requirements,
even temporarily, probably stems primarily from
workers. In our modern society, this opposition
is predominantly expressed by organized labor.

There is little question that the opposition of
labor to technological innovation has often had
significant negative impact upon the rate of in-
troducing new techniques designed to reduce the
cost of transportation. Opposition to cargo-
handling equipment, container traffic, and reduced
shipboard manning are dramatic examples of this.
Less publicized opposition to innovation includes
such practices as placing allegedly uneconomic
limits on work output, even though higher levels
of performance are now entirely feasible through
new technologies; for example, unreasonably,
short-run assignments in rail transportation and
unduly low load limits on transport equipment
which fail to utilize fully the designed capacity.

Basically, labor's opposition stems primarily
from the understandable fear of reducing employ-
ment. However, in many instances labor organi-
zations have recognized both the need for reduced
labor costs and the inevitability of reduced labor
requirements. Moreover, the basic problem has
been recognized as often a matter of temporary
displacement rather than permanent unemploy-
ment. In many instances innovations which were
resisted at first have actually resulted in more net
employment. As this becomes more widely recog-
nized, some of the present opposition to technologi-
cal changes may possibly decline significantly.

A review of employment in the industry and
closely related occupations over past years sup-
ports the view that labor opposition to innovations
may decline as loner-range labor expansion benefits
become more widel6y known. For example, despite

iall the labor-saving techniques introduced n recent
years, labor requirements have increased substan-
tially and, more important, maintained a virtually
constant share of the total labor force. Em-
ployment figures from various official sources in-
dicate that in 1947 employment in transportation,
transport equipment, maintenance, and related
industries totaled 7,725,000, or 13.4 percent of the
civilian labor force. In 1964, the comparable fig-
ures were 9,145,000, or 13 percent of the civilian
labor force.2

Of course, despite the stable percentage level,
there have been sharp changes in individual sec-
tors of the total labor force. These changes have
caused many instances of unemployment, some
temporary until retraining could be effected and

1 From data prepared by Transportation Association of Amer-
ica, Washington, 1965.
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some resulting in permanent separation from the
industry. Although the effect of the latter has
been conditioned to some extent by new oppor-
tunities in other fields, much remains to be done to
ease the impact of technological unemployment.
Moreover, the extent to which that impact is eased
will have a direct bearing upon the attitude of
labor toward technological innovations, an attitude
which might, in time, significantly influence policy
in promotion or regulation.

Transport policy planning is severely limited
in its ability to effect changes which would soften
the blow of labor displacement due to teclmologi-
cal changes. National policy must, insofar as pos-
sible, be-based upon equitable measures which do
not favor one form of transport over another. Yet
many of the steps required to ease the burden of
labor dislocation would clearly favor one sector
of the industry over another. Thus, the extent of
such actions most often transcend the bounds of
policy and become matters for general welfare
cliscussion.

The effect of apathy toward technological
change is more difficult to assess than overt opposi-
tion based on cost or labor displacement. Apathy
is particularly troublesome to combat because it
is vague, amorphous, and seldom based upon eco-
nomic reasons, and the policy planner is unable to
marshal cogent arguments against it. Apathy is
also often disguised under other reasons. For ex-
ample, technological change, new processes, new
management programs are often opposed on the
basis that they cost too much or will displace labor
to an. imacceptable degree when the opponents ac-
tually have no factual basis for such arguments;
they simply do not want to change the old way of
doing the job.

A major task of the transportatia. policy plan-
ner is to devise new approach.es to this indifference
if our Nation is to take the fullest advantage of
the potential benefits of new technologies. But
how is this to be done ? The answers lie in clear
and incontrovertible demonstrations of the eco-
nomic and social benefits of proposed changes.
This requires much mere emphasis on soundly
based research, and more thoughtful and imagina-
tive programs_, less fragmentation of direction and
policy control, more direct appeals to the self-
interests of management and workers, and, above
all, support from the public which is the ultimate
beneficiary of technological research.

4. Proposals for Solutions

No knowledgeable person would dare suggest
that the above brief outline of problem areas is in
any sense definitive. However, these areas contain
not only the major to- Is of controversy but also
many which may be thought to be outside.

In discussing economic and social solutions for

the problems imposed by technological change, it
is essential to recognize at the outset that solutions
very often involve disagreeable alternatives. This
was vt :y well put recently :

The benefits to society from technological change
are not costless. For some individual workers, busi-
nesses, and communities, technological chak; brings
new opportunity: Better jobs, higher profits, greater
prosperity. For others it imposes burdens and even
hardships. For technical change may reduce the
value ofor even make obsoleteparticular labor
skills, plant and equipment, or natural resources:

Transportation policy planners can assist tech-
nological development by helping to assure that
adequate funds are made available for research.
In recent years the importance of transportation
technology research has been increasingly recog-
nized by the Federal Goverment. Possibly of
equal importance is the Government's recognition
that assistance outside the Federal area is well
justified as in the public interest for research with
direct application to public problems2 even though
the main thrust may have been initially directed
toward the private sector. The importance of such
cooperation its reflected in the recommendations of
the Corson report on transportation research and
development which stated that the Department of
Commerce should accelerate its development of
analytical techniques designed to "demonstrate the
likely consequence of alternative policy choices"
and recommended that the Department :

(a) Build up its R. & D. capability in the appro-
priate agencies as fast as staff can be 2ound,
primarily in syst..3ms analyses and other modern
research methodology suitable for improving the
basis for policy decisions, and

(b) Develop a program of industry-government co-
operative R. & D. to undertake and support jointly re-
search on topics of mutual interest and urgency.'

Although there is considerable criticism of gov-
ernment support of private research, industry now
spends far more than government for such re-
search. A survey made in 1961 by the National
Science Foundation reveals that private industry
at that time was spending over $1 billion for trans-
portation R. & D. activities; manufacturers and
suppliers spent the bulk, while carriers and other
transport service companies spent only a small
portion of the total (see table 6) .

In contrast to private R. & D. expenditures,
Federal agencies in fiscal year 1963 spent some
$345 million for R. & D. applicable to civilian
transportation activities. The bulk was for air
transport research and the major agencies were, as
might be expected, the Department of Defense
and the Federal Aviation .Agency (see table 7) .

"The Promise and Problems of Technological Change," Eco-
nomic Report of the President, January 1964, p. 98.

4 Report of the Panel of Transportation Research and Develop-
ment of the Commerce Technical Advisory Board to the Secretary
of Commerce, Washington, May 1965, P. 11.
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TABLE 6. ESTIMATED COST OF COMPANY-FINANCED R. &D.

IN THE TRANSPORTATION INDUSTRIES

Industry source
Annual

expenditures
(in millions)

Suppliers:
Motor vehicles and other transportation equipment I-- $628

Aircraft and parts 2
379

1, 307

Carriers
20

Total 1, 027

1 National Science Foundation, Research and Development in Industry,
1981, table A-8, p. 69.

2 NSF, op. cit. Estimated from NSF 1961 figures. Since 1960 the standard
industrial classlficatIo r NSF reporting has been changed to include
missiles (SIC 19) witt and parts (SIC 372). Straight extrapolation
of previous data giv he estimated portion of $392 million total to
be assigned to aircraft L. alone.

$ NSF. Estimated survey gives the total R. de D. figure for 11 different
nonmanufacturing (transportation and nontransportation) industries as $65
million in 1961; transportation carriers and services comprise 10 percent of
that group. However, railroads end airlines Ione are reliably reported to
have spent about $12 million on R. di D. in t recent year. Therefore, this
estimate appears reasonable.

TABLE 7. TRANSPORTATION R. & D. EXPENDITURES APPLI-
CABLE TO CIVILIAN SECTOR BY FEDERAL AGENCIES BY
MODE, FISCAL YEAR 1963 (MILLIONS)

Air Hwy. Water 1 Pipe-
line

Rail Mixed Total

DOD
FAA
NASA
HHFA
BPR
AEC
HEW
Marad
Others

Total....

$171
59
43

(2)

2

$13

1
8

2

$10

3

2
(2)

$10

12

2

$204
59
43
20
8
3
2
2
4

275 24 15 (2) 7 24 345

1 Both ocean and inland waterway.
Less than $1 million.

SOURCE: Report of the Panel on Transportation Research and Development
of the Commerce Technical AdvisoryBoard to the S'ecretary of Commerce, Wash-
ington, May 1965, 13.

Table 6 demonstrates clearly that while the
transportation industry as a whole spends a sig-
nificant amount of money on B. & D., the carriers,
who are the ultimate beneficiaries, expend a neg-
ligible amount for research. There may be good
reasons for this failure ; for example, in d.eveloping
products, suppliers undoubtedly carry out research
in operations, much of which would only be dupli-
cated by carrier research. However, carriers
would be likely to profit by expanding and extend-
ing their own research to cover their own operating
problems. While costs may sharply limit the
amount of research that individual carriers may
perform, there appears to be no valid reason why
the trade and technical organizations serving them
(and there are active organizations in each form
of transportation) cannot pool resources and do
much more than any one carrier could afford.

Cost as a barrier to increased research could, of
course, be reduced through more government par-
ticipation. Transportation policy planning might

206-754-66vol. V-13
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well consider the public benefits from more re-
search in Ile private sector, and especially by car-
riers, to overcome the existing imbalance.

Table 7 illustrates a major gap in government
transportation research policy ; that is, the lack of
correlation between -nubile money spent on each
form of transport a. u the public demand for that
transport. For example, air transport, which ac-
counts for a small portion of the national freight
ton-mile performance and a very small portion of
the passenger-mile performance, in fiscal 1963 re-
ceived nearly 60 percent of Federal B. & D.
expenditures for transportation.

This is not to suggest that there must be absolute
correlation between performance figures and pub-
lic expenditures for each mode of transport. Such
an approach is both economically impracticable
and Illogical as public policy. However, there
should bc some correlation between public financial
support and_public demand for various forms of
transport. The precise nature of that correlation
is a matter for policy decisions.

Obstacles to technological change raised by labor
organizations and individual workers stem chiefly
from the fear that innovation will reduce the num-
ber of jobs in a particular sector as opposed to
overall demand for workers in the transportation
industry as a whole. Labor contends that it is
small consolation to displaced workers to be told
that technological change will eventually increase
the total demand for labor. While this is demon-
strably true, it has two basic failings : (1) workers
must be able to shift to the new jobs; and (2) there
is often a timelag between losing the old job and
getting the new 3ob.

The answer to the question of what steps can be
taken to overcome labor opposition to technological
developments which threaten displacement tran-
scends the scope of transportation policy and cuts
across a wide range of national policies. Labor,
education, retraining programs, and other factors
also play important roles in Federal policy deci-
sions concerning displaced workers in the trans-
portation industry.

Transportation policy planners could contribute
effectively to national policy decisions by carefully
examining the effect of such labor displacements
on the cost and efficiency of labor as a factor in
national transportation costs. It will be recalled
that the cost of transportation and related activi-
ties now account for about 20 percent of the gross
national product. In view of this substantial eco-
nomic outlay, it appears to be in our best interest
to assure that the social costs of technological im-
provements do not ultimately outweigh. their ap-
parent economies. If, however, certain technologi-
cal improvements can effect major savings in total
national transport costs then it appears logical
that a portion of such savings be spent tr ease
the impact on those affected by the change. How
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should such savings be spent ? Retraining, reloca-
tion, early retirement obviously have some applica-
tion to the best answer.

Fragmentation of authority for decisions leads
inevitably to indifference, intentional or uninten-
tional, at all levels. While this is understandable,
it nonetheless blocks the effectiveness of the trans-
port policy planner who must necessarily consider
the total situation and not just some fragments.
However2 the transport policy planner can take
some actions to overcome this obstacle. Lack of
understanding of the problems and their potential
for solutions can be met by educating decision-
makers as to the issues, the alternatives, and the

ireal social costs of action and especially naction.

Although solutions to all the problems of frag-
mentation go beyond the logical scope of trans-
portation policy planning, the benefits of overall
planning are so apparent in some areas of trans-
port technology that good management principles,
if nothing else, demand that piecemeal approaches
be reduced to the absolute minimum. By instill-
ing a new sense of unity to transportation technol-
ogy problems the policy planner would do much
to reduce the inevitable sense of social indifference
which fragmentation almost certainly engenders
in the minds of those who must make the neces-
sary decisions and those who must live with the
results of those decisions.
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The Life Sciences, Technology, and Unmet Human
and Community Needs

Introduetbn

It is apparent that in coming jyears the impact
of technological change on the ation's economy,
social structure, and well-being will be consider-
able. Accordingly, it is important to seek out the
most effective means for channeling modern tech-
nology into promising directions and to determine
how it may be applied most effectively to unmet
human and community needs. In this light it is
purposeful to note that the application of ad-
vances in the physical sciences and engineering to
the life sciences is having and will continue to
have an important bearing on the well-being of
people. 'The material that follows considers
briefly some currently developing areas that illus-
trate this relationship, and in some instances makes
suggestions as to their further implementation.

Regional Health Computer Systems

The report of the President's Commission on
Heart Disease, Cancer, and Stroke, and the en-
abling legislation stemming from it, seem to reflect
the President's determination to make available
to all the people the full benefits of progress in the
health sciences. A subcommittee of this Commis-
sion made plain its belief that the ambitious recom-
mendations of the main report cannot be imple-
mented adequately with existing manpower, and
left open the question whether expanded training
of manpower along present lines will suffice. A.s
provision for appropriately trained manpower is
a primary concern, and as optimization of man-
power utilization could have a greater impact upon
health than many conceivable research achieve-
ments, we are concerned here with a way to pro-
vide and multiply the effectiveness of such man-
power.

It is increasingly clear that knowledge of how
to prevent and cure disease has outstripped its ap-
plication, and many health needs remain unmet
in the country. Progress has been slow in devis-
ing new and more efficient methods of organiza-
tion and in the application of the technologies
called for by the changing pattern of medical care.

Particularly, the capabilities of big computers to
make generally available the benefits. of accrimu-
lated kmowled.ge and experience have scarcely
been tapped.

Regional health computer centers could pro-
vide medical record storage for perhaps 12 to 20
million people, and hospitals ancl doctors in the
area could be given access to the computer's diag-
nostic and other capabilities via telephone line
connections. Such regional systems could help :

1. Provide better care to everyone regardless of
geographic location than is possible at present.

2. Reduce unit costs, thereby relieving the eco-
nomic load on the Nation.

3. Provide for a more efficient use of manpower
and alleviate the unmet need for health workers
presented by Medicare and the regional medical
programs.

Technology now exists 1 to enable the establish-
ment of regional health computer systems provid-
ing for (1) storage and rapid recall of individual
health records; (2) collection and evaluation of
important medical statistics; and (3) automation
of certain aspects of medical diagnosis. Com-
puters can perform any repetitious task requiring
analysis of information and establiohment of prob-
ability more consistently and accurately than any
human. Diagnosis is a repetitious task based
upon analysis of information gained from his-
tory, physical signs, and laboratory determina-
tions. Machines can accept items of history and
such as those embodied in the electrocardiogram,
electroencephalogram, and phonocardiogram, and
accept chemical information presented to it in ana-
log or digital form. Moreover, the machine can
learn from its experience, can reject inconsistent
data, and is increasingly able to establish the prob-
ability of some diseases.

Each step toward the above goals could bring
incalculable benefits to the health of the Nation,
and realization of these goals would bring about
such significant changes as : (1) Revisions in medi-
cal education to enable doctors to function effec-

1 See appendix I (list of currently active areas in automation
and the health sciences).
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tively in a changed environment; and (2) reedu-
cation of existmg medical personnel to enable
them to cope effectively with this same environ-
ment. The institution of regional health com-
puter systems is probably the single most signif-
icant step that can be taken to make available to
everyone the benefits of modern medicine.

Although considerable basic information has
accumulated. to date on various individual projects
on hospital records, epidemiologic studies, the
automation of certain aspects of medical diagnosis,
etc., there has been little attempt to coordinate
these into an integrated system. Accordingly, it is
timely to undertake research2 development, and
computer sytems analysis leading to the establish-
ment, testing, and operation of regional health
computer systems that will provide (1) regional
data processing for automated clinical pathologi-
cal laboratories ; (2) automation of certain aspects
of medical diagnosis ; (3) storage and rapid recall
of individual health records; and (4) collection
and evaluation of statistics relating to large medi-
cal populations. These centers should be de-
veloped for integration with individual hospital
information systems, with the decentralizing ef-
forts of the National Library of Medicine in na-
tional medical information retrieval and dispersal
(MEDLARS), with Food and Drug Administra-
tion needs in the drug information field, and with
the regional medical programs.

Following an initial 2-year period of analysis,2
research, and development, it is reasonable that
construction of two centers might be set up with
approximately 12 scientific units appropriate to
the chosen operational areas. There would be
particular backup capability in the hardware, soft-
ware, and information and communications as-
pects of computer systems. Each center would
also have a strong research and training area.

After thorough testing and evaluation, up to 10
other systems could be established in the next dec-
ade, based upon experience with these first proto-
types. Such a program would require extensive
contract operations and research-grant support.
To an extent, and in time, full-scale operation of
the project as a public information utility, could
result in a sharing of costs, as the expense of many
of the services available may be recoverable by
charges to the consumer.

Initial feasibility analyses and program defini-
tion study to date indicate that2 beyond initial re-
search and development expenditures of $4 million
in the first 2 years, the construction cost per center
would be approximately $2 million, and the
operating expenses per center, $3,600,000 per year.
At the end of a decade the building program would
total $20 million and the operating expenses
would be approximately $40 million per year.

2 See appendix II (evaluation of current state of art in auto-
mation and the health sciences).

Continued Scientific Development for Mature
Life Scientists

While the perimeter of research activity in the
life sciences continues to expand explosively, the
deficiencies of some mature biomedical scientists
in mathematics and the physical sciences are be-
coming more and more apparent as a major prob-
lem. It is strikingly evident in their lack of ability
to oversee and adequately guide the interdiscipli-
nary education and research of young men now in
the developmental stages of their careers. Con-
sequently, planning for the continued scientific
education of these mature scientists is most neces-
sary if they are to continue to work effectively at
the frontiers of education; to be able to incor-
porate into thei27 own areas of research the emer-
gence of technologies as yet unsuspected; and to
guide responsibly young men interested in apply-
mg technological aclvances to the solution of prob-
lems in the life sciences area. The core effort here
should concern itself primarily with the remedial
treatment of deficiencies in fundamentals rather
than current technological breakthroughs or excit-
ing contemporary foci of interest in the physical
sciences.

In common with others, life scientists are con-
fronted with an exponentially increasing body of
knowledge supposedly to be mastered by lonely
scholarship in moments stolen from expanding
curriculums, clamoring students, meddlesome ad-
ministrative hierarchies, and a host of distrac-
tions, a significant one of which is contributing to
planning on a, national scale. In contrast to oth-
ers, life scientists are confronted now with the
need to master the advanced aspects of exacting
disciplines for which they may never have ac-
quired the rudiments of mathematically based
physical science. With all this, professional ad-
vancement requires that they maintain a respecta-
ble rate of production of published research con-
ceived during quiet hours of reflective thought,
culminating in meticulously designed and exhaus-
tively executed experimental tests.

Although a scientist, almost by definition, may
take nothing on faith, he falls short of this ideal in
some respects. It is an act of faith that the sci-
entist is educated for a lifetime of learning. It is
an act of faith that the scholarly scientist, solidly
schooled in basic disciplines, does not fall behind
the pace of scientific advance while he avidly fol-
lows the literature of his own and related fields,
probes a frontier of knowledge in his own re-
search, and is stimulated by colleagues 'and stu-
dents in a richly intellectual university environ-
ment. These attitudes, formed in an earlier and
quieter age to conform to social conditions long
since vanished, constitute a barrier to rational ex-
amination of the continuing educational needs of
the scientist in the mid 20th century.
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Harassed by the pressures of change as other
scientists are, the others are still in a better position
than life scientists. For the life scientist finds his
field in revolution. If in or beyond his fifth
decade, his indoctrination was probably more ap-
propriate for descriptive biology, requiring metic-
ulous observation and painstaking reporting of in-
numerable facts, than for an emerging theoretical
science which places a premium on the sparkle of
fancy. More than this, it is necessary that theory
be expressed in mathematically precise terms in
order to enable critical deductions from hypotheses
and precise testing of consequences. Descriptive
biology, including correlation of structure and
function at all levels, will remain a major preoccu-
pation for which educational requirements may not
change rapidly, although there are exceptions, for
example, m molecular biology. Theoretical biol-
ogy, however: requires a soplusticated preparation
in mathematics, physics, physical chemistry, and
in such biologically esoteric fields as systems
theory, with which a classically trained biologist
caimot conceivably cope without a major updatmg
of his intellectual tools.

It is clear that the mathematical rigor of life
science research will increase as young men rec-
ognize and move into new fields opened by develop-
ment of quantitative approaches in engineering
and the physical sciences which they perceive to
have relevance to the problems they face. But
young men are less able in their graduate and
early postdoctoral years to relate these excit-
ing ne- -,pproaches to the whole field than are ma-
ture investigators. Moreover, the education of
the young men may be conducte,d more effectively
if their seniors are conversant with these advances
and are skilled in their uses. To become conver-
sant in rigorous fields requires not merely exten-
sion of previous knowledge but repair of areas,
particularly those based on mathematics, for which
the initial preparation of most biologists has not
been ideal.

These educational needs of the speculative
thinker, aware of vast opportunities inaccessible
to him because of functional illiteracy in mathe-
matically rigorous science, are of particular con-
cern here. It is not reasonable to expect him to
acquire a foundation, in his spare time and without
formal instruction, which is comparable to that on
which scientists in other fields lavish years of
study. Yet he is deterred from seeking the ob-
vious remedy by his own conviction that he should
be able to educate himself, as well as by a keen
awareness that his colleagues share his conviction.
For him to admit that he needs to devote full time
to basic, formal education for possibly 2 years or
more is tantamount to an admission of sloth and
incompetence. For most, the barrier is formida
ble enough to insure that the middle and later
years will be spent on elaboration and embel-
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lishment of earlier work rather than on bold
adventures.

Sad as this is for the speculative thinker keenly
aware of his own shortcomings, the sadder con-
sequence is that he reproduces obsolescence in stu-
dents. Many of these students now come equipped
with mathematics and the physical sciences suffi-
cient to enable them to attack problems to which
their teachers are unable to direct their attention
or to guide their efforts intelligently. Restoring
a scientist to productivity on a new frontier re-
stores him also to serve as an inspirational leader,
to launch his students on careers of productive re-
search in areas of theoretical biology that might
otherwise lie untouched for another generation or
so, and, of increasing importance, renders him
a competent, responsible, interdisciplinary partici-
pant m matters relating to technological advance
and unmet community and human needs.

The strongest evidence that the need exists is
that correctives are alread3r being applied here and
there. Individual study in the tradition of the
contemplative scholar, frequently supplemented by
formal study of hopefully relevant mathematics
and physical sciences, is being undertaken by
younger and more restless faculty while they dis-
charge their responsibilities to students and de-
partments. Occasionally a department chairman,
sensitive to the needs of his faculty, will organize
an interdisciplinary program, drawing upon re-
sources of other departments to create a curriculum
which will facilitate achievement of competence in
some adjoining field. In some cues, too, repre-
sentatives of other disciplines may be added to a
faculty in part to afford better insight into the
relevance of mathematics, physics, or control the-
ory to the research interests of the group. Such
faculty additions serve to stimulate interest and
enhance the value of interdepartmental programs.

Education. away from the home university is
also an academic tradition. Unfortunately, the
sabbatical leave of absence is too brief and too in-
frequent to enable any thoroughgoing revision of
a scientist's basic education. In any case it is likely
to be a sojourn abroad engaged in collaborative
research with an intellectual counterpart which
for the reputation of both must culminate in publi-
cation of one or more papers. Special fellowships
which might be used to enable more extended leave
for the wholly different purpose of achieving new
competence are commonly used to support part of
the costs of the sabbatical.

One concludes that individual fellowships which
serve to free a man to undertake education appro-
priate to his unique needs should be supplemented
by carefully structured programs. These should
be designed to enable groups with common inter-
ests to achieve functional competence in mathe-
matics and the psysical sciences, and then to probe
in depth into areas of science not readily acces-
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sible to the classically prepared biologist. Exam-
ples of such areas are quantum biology, the
communication sciences, biological control systems,
simulation of systems by analogue and digital com-
puter, and the computer handling of multiple
variables.

In summary of the characteristics of such struc-
tured programs : (1) They should essentially be
programs in mathematics m which other material
appears primarily as applications ; (2) they
should require the equivalent of 1 to 2 years of
full-time effort ; (3) optimally, they should be con-
ducted in a very few centers for advanced study ;
and (4) they sh.ould serve not as another final ed-
ucation but as mechanisms to enable scholars to
continue to advance by their own personal efforts.

In the main there are five way's that the ob-
jectives of continued scientific development might
be accomplished : (1) Special fellowships, (2)
summer institutes, (3) intrauniversity programs,
(4) adapted existing graduate training programs,
and (5) centers for advanced study.

Th.e summer institutes are of interest and de-
serve comment. They would offer a mechanism
which avoids some of the factors that make the
more prolonged periods of study in centers of
excellence unattractive to a large part of the aca-
demic community. First, there is no necessity for
a major break in a man's career with the attendant
uprooting of family and interruption of ongoing
research. Second, the summer institutes would
permit a man who aspires to undertake an exten-
sive program to test his motivation and ability to
handle rigorous mathematical approaches with-
out a major commitment or the risk of suffering an
obvious and humiliating defeat. Third, a se-
quence of summer institutes linked by part-time
work during the regular academic year may suffice
to meet the educational needs of a large proportion
of the academic community.

Centers for advanced study may offer a particu-
larly good answer to the problem. They would
best be established in a very few major universities
in order to insure a suitable and scholarly environ-
ment. Basic course material could be taught by
junior faculty of that university, but some super-
structure items would have to be handled either
by faculty on leave from their home universities
for a period of 1 to 3 years, or in summer sessions
by invited faculty. Both faculty and scholars
should be highly selected.

Participation in programs of continued scien-
tific development should be confined to professorial
faculty of proved performance and excellent po-
tential who wish to pursue their research interests
into areas for which they are not now equipped.
The faculty of the parent institution might be
supplemented by visiting professors on leave for
a year or two to participate in this program, both

as teachers and in the conduct of their own re-
search programs. As in individual awards, con-
tinuity of employment and freedom from economic
penalty should be insured.

One recognizes that these approaches to sup-
plementing existing educational programs for
faculty in the home universities would entail risks
for the individual and for the schools. As the
scientist-students concerned would be drawn from
among the best qualified in the universities, some
disruption of departmental activities seems in-
evitable. Provision may be needed to enable uni-
versities from which faculty are withdrawn for as
long as 2 or 3 years to expand in order to avoid
vitiating the benefits of reeducating some by over-
burdening others. Such facilities would then be
in a position to rotate members out of the depart-
ment for continuing education away, thereby re-
ducing the risks for all.

A system of awards and special programs could
be aimed principally at the needs of men of quality
in their middle years, although some promising
younger faculty members might be enrolled, and
talented individuals in their sixties should surely
not be excluded. It is one comforting aspect that
these cohorts are relatively numerous as compared
to the 25- to 35-year-old group born during the
depression years of the thirties. This group now
rising to responsibility is restricted in number and
necessarily burdened with much of the routine
teaching as well as direction of graduate study.
The older faculty can better be spared for the time
periods involved and upon their return will be able
to assume a substantial portion of teaching in ad-
vanced areas for which they are not now qualified.

There can be no need to apologize for the bene-
ficial consequences that would result from advanc-
ing the education of men who have demonstrated
excellence as investigators and teachers. It is
likely that many of them would enter a period of
renewed productivity quite possibly comparing
favorably with an earlier one. Such men returning
to schools that do have interdepartmental pro-
grams for education of faculty would be priceless
assets in encouraging and improving these univer-
sity efforts. These talented scientists returning
equipped with advanced capabilities would con-
tribute to preparatio : young scientists and to
their inspiration to 1.7- .ake a lifetime of investi-
gation punctuated by ,vportunities to renew them-
selves in their turn. Granting that there are many
real interfaces anportance between the advance
of the life sciences and technological change, it is
of particular significance that these senior scien-
tists and the men they train will be better equipped
to participate actively with others in the major
societal consideration of how technological change
can be channeled most effectively to meet human
and community needs.
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Clinical Manpower for the Health Sciences

An important implication of the report of the
President's Commission on Heart Disease, Cancer,
and Stroke is that there will be an increased need
for training clinical investigators in the area of
surgery2 radiology, and anesthesiology. The Com-
mission's report and the bills enacted into law
pursuant to it have accelerated the demand, and
active attention must be paid to those areas where
major shortages of trained scientific manpower
exist.

Surgery

In the last 25 years surgery in its broadest physi-
ological and biological sense has become more of
a true science due to the extensive introduction of
the physical sciences into it. Applied without skill
or conscience, the techniques arising out of the
advances in the basic biological and physical sci-
ences bring only hardship and expense in their
wake. Applied with wisdom and mercy, they have
been responsible for the growth of wh.at has now
become the largest single agency for definitive
treatment in all of medicine.

Because of the urgent need for more skilled
clinical investigators in surgery, high priority
should now be given to the establishment of an out-
standing program in this area. This program
should be 'designed to provide carefully selected
candidates with training in depth in the baSiC bio-
logical and physical sciences and in surgical re-
search. This will lead to the development of sur-
gical scientists and scholars who are interested in
the area of academic surgery and in careers as
clinical investigators in surgery. It is expected
that such men will be capable of applying funda-
mental scientific concepts directly to clinical prob-
lem:3 in the area of surgical practice, will be pro-
ductive in research and research training, and may
ultimately chair research-oriented surgical depart-
ments. This will create an environment within de-
partments of surgery where opportunities to bring
new data and concepts to patients immediately
will be available, where cross-fertilization will be-
come exceedingly fruitful, and where young pwo-
ple will be stimulated and motivated to introduce
mcre physical science and advanced technology
into the practice of surgery.

For surgery to continue to exhibit its proper
relationship with science, universities, national
societies, and the Federal Government, these insti-
tutions must take note of the fact that the young
surgeon must devote additional years to his educa-
tion. If properly supported, this will not in the
slightest constitute an inordinate demand, partic-
ularly as these young persons move into a period
that will see education gradually become more of a
life process.
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As to the application of fundamental scientific
concepts and advancing technology to clinical
problems in surgical practice, in specific instances
these research surgeons might well be trained to
work with biomaterials scientists and biomedical
engineers, and with immunologists and geneticists
on the transplantation of organs.

Physical materials can be used, in many in-
stances, within the human body to substitute for a
diseased or a destroyed part. The materials cur-
rently used are extremely diverse, and the require-
ments for their long-term existence in the bod.y are
not well known. In consort with biomaterials
scientists, surgeons are becoming concerned with
the design of these implants and their characteri-
zation at the molecular level in order to define the
needs of part replacement within the body.

During the next 5 years, biomedical engineering
is expected to undergo a further extension of its
rapid growth, as newly trained doctoral level en-
gineermg scientists become engaged with surgical
scientists and investigators in the conduct and di-
rection of research pertinent to biomedical en-
gineering and surgery. Current developments in
transistors and miniaturized circuitry suggest that
rapid progress will be made in the creation of ade-
quate control mechanisms for certain artificial in-
ternal organs. In this light, the study of biologi-
cal control systems and th.eir feedback circuits can
be expected to contribute to the design of better
prosthetic devices ranging from artificial limbs to
the lung. Such purposeful developments in sys-
tems engineering can be made only by a coordi-
nated integration of surgeons, engineers, tech-
nicians, and other basic scientists. This will be
necessary if the theory involved is to be exploited
and if the development and the production of
actual materials for routine use in patients are to
be achieved.

For the above undertakingrs, the exploitation of
industrial capability in the final design and con-
struction of these devices will be absolutely neces-
sary, since fabrication can only be accomplished by
enlisting the combined interaction of surgeons, bi-
omedical engineers, and the highly competent de-
velopmental organizations that are not found in
university environments.

As for the area of heart disease and stroke, in
recent years there has been an increasing volume
of surgery on newborn infants, and prompt surgi-
cal intervention in this hazardous age group is be-
ginning to show striking results. Prior to the ex-
tension of surgery into the area of congenital heart
defects in infants, 35 percent of the children not
treated by surgery died within the first month of
life, and 55 percent died within the first year. It
is estimated that of the approximately 50,000 chil-
dren with congenital heart defects born each year
in tho United States, 70-80 percent could be either
cured or helped by surgery.
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Stroke is caused by the blockage of blood vessels
that supply the brain. In most instances the
obstructions are caused by arteriosclerotic deposits
or by blood clots. On occasion these obstructions
to the flow of blood are located in the arteries of
the neck and upper chest and are thereby accessible
to surgical intervention and the relief of obstruc-
tion. The treatment in this situation is to remove
the obstruction, or to bypass the obstruction with
synthetic blood vessel grafts. It is significant that
approximately 45 percent of such cases can be
helped or cured by surgery because of the location
of the obstruction outside of the brain itself.

Continued advances in the above areas are con-
siderably dependent on extended sophistication in
diagnosis and treatment, and the application of
advances in technology. Increasingly improved
results can be obtained by the intensive prepara-
tion of surgeons who will be able to bring advances
in the physical and basic biological sciences direct-
ly to bear on research studies and patient care.

Diagnostic Radiology

In the past 70 years the clinical science of diag-
nostic radiology has grown to the point where it
is employed in an extensive spectrum of human
diseases. However, academic diagnostic radiology
is now in a troubled and serious situation, as both
the 'quality and quantity of medical care are par-
ticularly threatened unless more trained radi-
ologists are available to meet the increased de-
mands for their services. This shortage poses an
alarming problem for the Nation's hospitals and
medical centers and is grounds for grave concern.
There is ample evidence that we are not drawing
enough young people into radiology training pro-
grams to take care of the work necessary m the
clays ahead, particularly to perform the burgeon-
ing sophisticated procedures that are becoming
routine in modern radiologic practice. In this
light, it has become apparent that radiology must
be made more attractive as a profession.

A basic need is to enhance the status of the field.
The support of both research and training in radi-
ology has been relatively meager in the past, and
its development has been limited by the lack of an
overall attack upon the problems that face the
area. A particular problem is that the develop-
ment of the field, in recent years, has been con-
siderably dependent upon the availability of large
and epensive equipment; it is now becoming
increasingly dependent upon the availability of
adjacent computer resources. Also the extreme
shortage of radiology departments with tradi-
tional academic orientation and relationships, and
of appropriate environments for the development

UNMET NEEDS

of radiologists as academicians presents a serious
probl em.

Needed in diagnostic radiology are programs
with a strong radiological research environment
and the availability of strong basic science and
physical science departments that can give the
underlying scientific background required for
modern clmical radiological research. Such pro-
grams can have a great influence in elevating the
standards and performance of academic radiology!,
and in enhancing the status of the field, and
thereby the entire practice of radiology in the
country. This is an. excellent example of an area
in which careful integration of resources, research,
and training can have a profound effect.

To meet these needs2 new programs for research
training in diagnostic radiology are required.
These programs should be designed to provide
carefully selected candidates with training in the
basic sciences and in radiological research. This
should lead to the development of scientists who
are interested in academic radiology and in re-
search careers in diagnostic radiology. It is ex-
ected that such men will be capable of applying

fundamental scientific concepts to the area of diag-
nostic radiology and will be productive in research
and research training.

With respect to the findings of the President's
Commission on Heart Disease, Cancer, and Stroke,
it is timely to note that accurate diagnosis in these
areas is being hindered by a lack of radiologists
trained to bring a full armamentarium of the
physical and clinical sciences to bear on them. The
prololem of diagnosing impending stroke, or identi-
fying individuals who are susceptible to stroke, is
a major challenge to the diagnostician and radiolo-
gist. Personnel are urgently needed for the fur-
ther development and implementation of eine
cerebral arteriography, which dynamically out-
lines the blood vessels of the head and indicates
possible diseased areas, of techniques of arterio-
catheterization, of instrumentation to measure
bloodflow in the brain, and of new computer
methods in radiology. Development of the clini-
cal use of fiberoptics, high energy beams, or com-
puter intensification of X-ray images requires that
the skills of the mathematician and the physicist
as well as those of the clinician should be extended
to these areas.

To meet these needs, an increased interaction of
biomedical engineers and diagnostic radiologists
should be encouraged. In specific instances, re-
search radiologists should be trained to work with
biomedical engineers to develop better, safer, and
more accurate methods for the use of X-rays, radio-
isotopes, heat, and ultrasound in the diagnosis of
disease.
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Conclusions

Continued appropriations are needed to imple-
ment the recommendations and the enacted legis-
lation that have resulted from the President's Com-
mission on Heart Disease, Cancer, and Stroke if
a more effective and quicker application of the
results of medical research to diagnosis and treat-
ment is to be brought about. The training of
specialists in surgery, radiology, and anesthesia
must be an essential feature of the program if the
benefits of modern research are to be made avail-
able to segments of the population that are now
inadequately served.

Summary

1. Regional Health Computer Sy8tems

It is timely to undertake research, development,
and computer systems analysis that would lead to
the establishment, testing, and operation of re-
gional computer systems that can provide : (a) Re-
gional data processing for automated clinical
pathological laboratories, (b) automation of cer-
tain aspects of medical diagnosis, (c) storage and
rapid recall of individual health records, and (d)
collection and evaluation of statistics relating to
large medical populations. These centers should
be d.eveloped for integration with individual hos-
pital information systems, with the decentralizing
efforts of the National Library of Medicine in
national medical information retrieval and dis-
persal (MEDLARS), with FDA needs in the drug
information field, and with the regional medical
programs. They would help in the optimization
of manpower utilization, and could have a greater
impact on health than many conceivable research
achievements. They probably represent the single
most significant step that can be taken to make
available to everyone the benefits of modern
medicine.
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2. Continued Scientific Development for Matume
Life Scientists

While the perimeter of research activity in the
life sciences continues to expand explosively, the
deficiencies of some mature biomedical scientists in
mathematics and the physical sciences is becoming
more and more apparent as a major problem. It is
strikingly evident in their lack of ability to over-
see and adequately guide the interdisciplinary
education and research of young men now in the
developmental stages of their careers. Conse-
quently, planning for the continued scientific edu-
cation of these mature scientists is necessary if they
are to continue to work effectively at the frontiers
of education, to be able to incorporate into their
own areas of research the emergence of tech-
nologies as yet unsuspected, and to guide young
men interested in applying technological advances
to the solution of problems in the life sciences area.
The core effort here should concern itself primarily
with the remedial treatment of deficiencies in
fundamentals rather than current technological
breakthroughs or exciting contemporary foci of
interest in the physical sciences.

3. Clinical Manpower for the Health ScieAwes

An important implication of the report of the
President's Commission on Heart Disease, Cancer,
and Stroke is that there will be an increased need
for the training of clinical investigators in the
area of surgery, radiology, and anesthesiology.
The Commission's report and the bills enacted into
law pursuant to it have accelerated the demand,
and active attention must be paid to those areas
where major shortages of trained scientific man-
power exist. These needs accentuate a necessity
for the establishment of research and training cen-
ters in biomedical engineering and biomaterials
science where these developing investigators can
participate in interdisciplinary, physical science
oriented., and life science studies.



Appendixes

APPENDIX I

Active Areas in Automation and the Health Sciences
(From 1,016 Listings for Computers in Biomedicine)

I. Automated Clinical Pathological Laboratory Studies
(a) Automated analysis of :

Blood chemistry levels
Bacteral sensitivity and grouping
Mitotic cell configuration
Blood smears
Ultracentrifuge photos
Spectroscopic fmclirgs
Electrophoretic patterns
Electromicrographs
Radiation and radioisotope studies
Other clinical pathological laboratory tests

b) Computer analysis of the above studies
c) Total automation of clinicopathological laboratories
d) Population screening using above techniques

II. 8pecial Cromputer Oriented Diagnostic T esting
a) Electrocardiograms

Electroencephalograms
Phonocardiography
X-rays
Radiological scanning
Specific neurologic tests (eye movements: etc.)
Graphic record analysis (for computer diagnosis)
Pattern recognition for diagnosis
Other computer-oriented diagnostic tests

(b) Bioinstrumentation (related to the automation of diagnosis or therapy)
( ) Mental health (psychological, psychophysiological, and psychiatric testing)
(d) Simulation studies (for medical diagnosis)

Patient monitoring
Biotelemetry (as related to diagnosis)

fi> Automated anesthesia
( The development of automated equipment or computer hardware or software

for medical diagnosis
III. Machine Aided Clinical Diagnosis

General medical diagnosis
Special areascongenital heart disease, neurological diseases, respiratory

diseases, blood diseases, . . .
IV. Computer Storage of Health Records

Central repository for health records
Hospital information systems
Hospital records research
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V. Com,puter Studies of Medical Statistics
(a) Demographic studies

Epidemiologic studies of a general or rmtegorical nature
Large population analysis of the effects of treatments
Infectious disease analysis
Psychological, nutritional studies
T. umor registries

(b) Computerized drug studies
(c) The collection, storage, and retrieval of medical literature and information

VI. Attempts at the Local or Regional Integration of the Above Areas (or others) into
Central Health Computer Systems

VII. Traiming Related to Above Areas.



AP.PENDIX II

Current State of the Art in Automation and the Ilea lth Sciences

An initial evaluation should be made of the technical state of the art in automation
and the health sciences in the following five areas :

1. The automation of chemical laboratory procedures for information gathering ; for
example, use of laboratory apparatus which can produce standardized computer-
readable outputs.

2. The use of computer systems in performing special diagnostic tests, such as the
recognition and classification of ECG and EEG patterns and analyses of psycho-
logical tests.

3. The use of computers in systems or subsystems for machine-aided diagnosis.
This comprises the processing of configurations of multiple data inputs to de-
velop diagnostic hypotheses or conclusions, initially in such specialized areas as
cardiovascular disease and eventually in general.

4. The gathering, storage, updating, and retrieval of those aspects of lifetime medi-
cal records for which centralized processing is relevant.

5. The collection and evaluation of significant medical statistics relating to diag-
nosis and treatment of large populations, and to research studies of these topics.

The initial evaluation should also encompass the current state of technical feasibility
as regards the integration of the above components into regional health computer systems.

In each of the five areas listed determinations should be made relative to :
1. What is being clone now on a routine basis and in pilot studies that will shortly,

become routine. This should provide a picture of what is possible now and should
indicate the techniques, equipment, and, manpower resources by which it can be
accomplished.

2. What significant research work is being done that is likely to result in practical
application in the next 5 years. This should identify the key research efforts that
are the most likely to accelerate progress in these areas if adequately supported.

3. The most desirable parameters that might be measured. This should be con-
sidered with particular regard to research in instrumentation development that
might be necessary.

Current and imminent technical capability in the five areas should be evaluated from
the point of view of :

1. The reliability of the techniques and methods.
2. The limitations of what can likely be realized in the near future.
3. The costs involved in implementing a practical application of these techniques on

a substantial scale.
4. The benefits possible to individual patients and to the progress of health research.
Particular attention should be given to :
1. How the best balance of human versus mechanized information-gathering can be

aeieved. That is, which tests and diagnostic procedures lend themselves best to
automation and analytic computation methods. This should indicate develop-
mental areas which might purposefully be supported.

i2. The identification of promising developments n certain specific methodologic
areas of pattern recognition and classification theory. This would not be con-
cerned at this time, however, with highly abstract developments that are not likely
to result in useful procedures in the next 5 to 7 years.

An evaluation of the various possibilities for integrating these five areas into
regional health computer systems would be an important aspect of the study,. It should
be noted for clarity that, operationally, developments in the areas of (a) automated
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micromanipulative clinical laboratories; and (b) computer-based hospital information

systems would serve as inputs to regional health computer centers. The automated

clinical pathological laboratories being developed by Dr. C4eorge Z. Williams at the NIH,

and the study now being conducted by Bolt, Beranek, and Newman in collaboration with

the Massachusetts General Hospital are such examples.
As regards the extensive implementation of regional health computer systems :

1. The questions of technolorty, potential utilization, and cost should be investigated.

2. The existing personnel resources required for staffing a number of centers should

be identified.
3. The features of training programs that would be supportive to additional centers

should be characterized.



SURVEY OF THE STATE OF THE ART: SOCIAL, POLITICAL, AND

ECONOMIC MODELS AND SIMULATIONS

Prepared for the Commission

by
ABT Associates Inc.

Cambridge, Massachusetts



ABSTRACT

This report presents the results of a 2-month survey of the state of the art of social, political,
and economic models and simulations recently completed or well in progress in the United States as
of December 1965. Seven social scientists and systems analysts of Abt Associates, Inc., conducted
the survey during October and November 1965. This report includes a statement of survey ob-
jectives, scope, and content; descriptive typologies of over 50 representative current social, political,
and economic models, computer simulations, and human player games; staffing, time, and money
requirements of these model projects; an assessment of the strengths and weaknesses of the current
art and its applicability to public policy planning; and recommendations for government policy re-
garding the new intellectual technology of modeling.
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and Economic Models and Simulations

1. Introduction

Logical thinkers, whatever their particular
fields of interest, h.ave always sought improved
analytical frameworks for th.eir ideas. Our un-
derstanding of complicated and changing factors
and how th.ey interact with each other is limited
by our ability to devise conceptual schemes in
which they can be accommodated. Any concep-
tual scheme presupposes simplification and selec-
tion from the original process under analysis. In
general it is true that the grreater the degree of
simplification, the easier it is to manipulate the
sr3temto try out the effects of various changes
in its components. The usefulness of a system
depends crucially, on the ability to manipulate it.
On the other hand, the more refined and abstracted
is the conceptual scheme from the process it is
designed to analyze, the fewer are the real factors
it can take into account. If an analytical system
is to be useful, it must be capable of including a
large number of the factors which are salient in
the real process.

The balance which is drawn between simplicity
ascl complexity in the analytical scheme employed
will depend on the nature of the process being
examined and on the reasons for the inquiry. It
will also depend, and often critically, on the prior
availability of an appropriate scheme or frame-
work within which to organize the analysis. If a
process is to be analyzed by means of traditional
"literary" exposition, there is immediately a severe
limitation on the number and complexity of the
variable factors which can be taken into account,
a limitation stemming from the individual's in-
ability to comprehend simultaneously all the inter-
relationships of a complex system.

The last 20 years have seen remarkable advances
in the design of analytical systems susceptible to
extensive manipulation and capable of handling
hi,ghly complex interrelationships. The meth-
od.ological approaches which best exemplify
these advances are modeling and simulation. A
model is a representation of a process ; since con-
structing a model requires more time and energy
than simply "thinking about the problem" the
process represented is normally a complex one

which cannot be understood through introspection
alone. Simulation is used in a strict sense to mean
the operation or exercise of the model, and implies
that the variable factors are all given specific
(though not necessarily known) values for the
purpose. On the basis of this definition, a model
can be designed without provision for simulation;
but a simulation necessarily implies the existence
of a model. Simulation may be accomplished
either by human player games, by computer simu-
lation, or by a combination of the two.

The means by which a modelrepresents a process
can vary. The whole process can be physically re-
produced in a scaled down version. ()r certain
properties of the model can be taken to represent
quite different properties of the process being
analyzedfor example, flows ef water through
tubes can for certam purposes simulate income
flows in the economy. Finally, the model may
use logical or mathematical symbols to designate
the factors represented and the relationships be-
tween them. It is this last type of model which
offers the most flexible and manipulable tool to the
analyst and the decisionmaker; and it is the one
most commonly referred to when social science
modeling or simulation is discussed.

The effective use of symbolic models relies on
the operator's ability to manipulate the logical and
mathematical relationships which make up the
model. The development of high-speed electronic
computers has both stimulated and been stimulated
by advances in model building. The computer
cannot, of course, perform more than a very small
number of the operations performed by, the human
brain. Its enormous advantages are its ability to
perform those limited functions at extremely high
s_peed, and the ability to store large quantities of
data and interim results for insertion into the
computation process at predetermined periods.

A quite di flerent, though ultimately related,
development has come in the use of game tech-
niques for simulation purposes. 'Game-type
simulations can be structured so as to permit mul-
tiple simultaneous interactions among competing
and cooperating players. As in the case of a
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computer, the system can be manipulated and the
effects analyzed. by an observer. The computer
has at once the advantage and the disadvantage of
being much simpler and more predictable than the
human player.

New research efforts, advances in the methodol-
ogy of model huilding, and improvements in the
design of computing equipment and gaming tech-
niques are continually expanding the areas of
research where modeling and simulation can be
applied. This is especially true for the social
sciences, where the theoretician's task is to abstract
general relationships from large masses of infor-
mation, and where he is not often in a position
to conduct controlled experiments on the process
he is examining. By building a model which
represents the real process, and by simulating the
operation of the model in time using a computer
or game, he overcomes at least some of these prob-
lems and gains a clearer understanding of the
process.

The field of social science which has used models
longest and has developed them furthest is eco-
nomics. Recently, however, numerous attempts
have been made to use the same approach in
analyzing political, sociological, and psychological
processes, and efforts in this direction will un-
doubtedly increase in the future.

By far the larger part of model building is
carried on in universities and research organiza-
tions across the country, and descriptions of
projects undertaken and results achieved all too
often receive only limited circulation among Gov-
ernment planners and decisionmakers.

Because the substance of politics is also the
object of the social scientist's mquiries, there is an
inevitable interest by social scientists in what
policymakers are doing and vice versa. The con-
stniction of models and simulations of social
phenomena in the widest sense has not been well
documented outside the professional literature.
with the exception, perhaps, of certain large eco-

nometric models. And even within the learned
journals, modeling activities tend to be reported
with reference to the substantive content of the
process being modeled, rather than with reference
to the general applicability of the modeling tech-
ni ue to governmental planning and decision
making.

It was in response to this situation that the fol-
lowing report was commissioned. Our task has
been to survey the state of the art of economic,
political and social models, and simulations in the
United States. The survey was conducted very
rapidly, entirely within 6 weeks during October
and. November of 1965. It could not, therefore,
be an exhaustive review of all social science models
currently in operation or under development. We
selected for examination those models which
seemed to involve the most significant advances in
the state of the art. We defined advances in terms
of methodology rather than substancethat is to
say, we were more concerned with a new technique
.for estimating consumer expenditures, say, than
with the new insights into consumer behavior that
might emerge from using the technique. At the
same time, we did not ignore substantive matters,
and we have tried to point out where old tech-
niques might usefully be applied to new subject
areas.

The survey was conducted by means of inter-
views, literature search, and correspondence.
Obviously we owe a large debt to all of those who
were willing to respond to our requests for in-
formation. We were invariably accorded a
most generous reception in arranging personal
interviews.

Clark C. Abt, John Blaxall, Morton Gorden,
James C. Hodder, John J. McDonnell, Martha 0.
Rosen, and Marvin Zonis, staff members of Abt
Associates, Inc., are primarily responsible for the
contents of this report. The errors of oversight
and judgment that oecur are ours, not those of
any respondents.



2. The Survey

Procedure

We have tried to select those models, currently
in operation or in course of development, which
are most capable of simulation, and which repre-
sent significant advances in the methodology of
modeling. We have not been primarily concerned
to investigate how modeling and simulation have
advanced the state of the art of economics, for
example, but rather to examine the state of the art
of modeling itself.

In the time at our disposal, we could not follow
up every possible lead, and we may have omitted
some significant new work in the field. We be-
lieve, however, that our coverage has been reason-
ably complete, and certainly it is broad enough to
support the general conclusions which form sec-
tion 10 of the report.

Our procedure relied heavily on interviews with
those actively engaged in model development, and
for this purpose a set of questions was drawn up
around whith the discussion could be structured.
Since any ,,Aamination of a model must be related
in some degree to its subject matter, the specific
questions asked about the economic models were
slightly different from those used for political and
social models. Normally interviews were con-
ducted by two persons, at least one of whom was
thoroughly acquainted with the model's subject
matter, although for some areas of the country
only one interviewer was able to visit the respond-
ents. The set of questions was used more as a
prompting device than as a list of questions to be
posed in a predetermined order, so that not every
question was asked and answered in every
interview.

In addition to conducting personal interviews,
we expanded our coverage by mailing requests for
information to a number of people with whom we
were unable for one reason or another to arrange
personal interviews. Response to the mailed
questions was not high (10 to 15 percent) . It
was in anticipation of this difficulty that wehad de-
cided to devote our major effort to personal inter-
views. The list of respondents, including both
interview and mail respondents, appears in
appendix 1.

Our third source of information was, of course,
the available literature, and in particular docu-
mentation supplied or suggested by our respond-

ents. Appendixes 2 and 3 contain selected
bibliographies for the survey.

Content

As we examined each model, we focused atten-
tion on six general areas : Subject matter and
scope; the data input required and the informa-
tion output produced; internal structure and char-
acteristics; performance and validation - current
and potential applications ; and cost, skills, and
administration. Within this overall framework,
we were particularly interested in two topics :
New advances in the state of the art and the poten-
tial usefulness of the art as a whole to Government
policy decisionmaking.

In framing our questions, and in interpreting
the answers, we tried to be as objective as possible,
but we were repeatedly faced by the problem of
terminology. Because models and simulations
are developed by economists, political scientists,
social psychologists, and others in separate disci-
plines, certain words acquire special and precise
meanings in particular contexts. Occasionally
the special meaning is not only different from nor-
mal usage, but is even quite opposite to the mean-
ing applied by other specialists. The words
44 exogenous" and "endogenous," for example, have
precise meanings to economists which are un-
clear to some mathematical political scientists.
By using interviewers and analysts who were
themselves knowledgeable in the respondents'
areas of specialty, we believe we have overcome
this difficulty.

Our inquiries about subject matter and scope
were intended to prompt a general discussion of
the model's objectives and assumptionswhat it
was intended to do. The section on data input
and information output was designed to illumi-
nate what kinds of hlformation are needed to
operate each model, and the extent to which model
building is limited by the availability, of data.
We were also interested in new methods of esti-
mation, and statistical techniques for avoiding
i4 contamination" of reliable data when used to-
gether with less reliable data.

To be able to generalize on how models work,
we asked about the internal structure of each
modelhow large it was, how complicated the in-
teractions, and what was unique or advanced about
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the simulation. We also sought information on
how far the model's structure was designed as a
reasonable vepresentation of the real processhow
far it was isomorphic with realityas opposed to
being a "black box" which produced realistic
answers, though with no attempt to reproduce
reality. As far as simulations were concerned,
we wanted to know what kinds of computer or
game facilities were necessary to operate the simu-
lation and the extent to which their availability
affected the model's usefulness.

The section on performance and validation is
self-expla7tory. It may be worthwhile to band
a model and simulate it merely for the sake of the
educational benefits of the exercise, but our con-
cern with potential applications for Government
made us especially interested in the extent to which
validation had been attempted or was anticipated.
At the same time, we asked specific questions about

application of the models, to find out how far, for
example, the intended or actual usage varied
among designers of apparently similar models.
We asked about potential applications as well as
current or planned applications, and we posed spe-
cific questions about possible governmental em-
ployment of the models.

Finally we inquired about the staff skill, finan-
cial, and. administrative requirements of the
model design efforts. This kind of information
was not always easy to obtain, since most model
designers are also teachers or carry on other re-
search at the same time, while costs in terms of
computer time and facilities employed are often
difficult to assess.

The responses to the survey are set out in sec-
tions 5, 6, 7, and 8 of this report. By way of
introduction, section 3 discusses the limitations of
our sample, and section 4 presents a summary
typology of the models included in the survey.



3. The Limitations of the Selected Survey Content

Ideally, this survey would have constituted a
sample of the entire population of political, social,
and economic models and simulations. The con-
straints imposed by a 2-month time limit on the
efforts of tb.e seven analysts have necessarily lim-
ited the number of models considered and model
designers interviewed. Although this sample then
is not exhaustive, it is large enough for us to be-
lieve that most of the models on the "frontiers
of the state of the art" are represented. Over 50
models and simulations were included in the sur-
vey. While we do not claim to be aware of all
U.S. model simulations, it seems unlikely that there
are more than 100 in all.

The initial sample was selected on the basis of
a review of the current literature of economics,
sociology, and political science. This was followed
by further selections suggested by the experts in-
terviewed in the initial sample. Most of the re-
spondents were university professors, with the re-
mainder approximately equally divided between
nonprofit institutions and industry.

The seven analysts sought out the designers of
models wherever they were : On the east and west
coasts, in the Midwest and the South. The loca-
tion of the surveyors (interviewers) in Cam-
bridge, Mass., their connections with Harvard and
MIT, and the short 6 weeks available for inter-
views may have resulted in a slight geographic
bias favoring the Northeast despite an overall
coverage of the other main geographic areas of the
country.

The limitations of industrial secrecy, combined
with the academic tradition of open disclosure,
may also have resulted in ah institutional bias
which stressed university research. This operated
not so much as a result of private corporations
denying information to the surveyors (which was
relatively rare) , but rather as the result of private
corporations in modeling having had much less
mutual exchange of information than had univer-
sity scholars in this type of activity. Thus, many
professors were able to suggest other models and
researchers, while fewer model designers in indus-
try were able to do so. Also, the absolute number
of university scholars surveyed being larger than
the number of industry researchers resulted in the
greater amplification of the former type of re-
spondent whj.ch tended to bias the coverage fur-
ther in the direction of universities.

The surveying staff consisted of two economists,
two political scientists, a sociologist, and two com-
puter systems engineers. All seven had experi-
ence in the design of social, political, and economic
models and simulations. The multi- and inter-
disciplinary nature of the staff skills has, we be-
lieve, minimized any bias with regard to subject
or academic discipline. However, it must be ad-
mitted that the survey staff began with, and re-
tains, a methodological bias in favor of models,
game simulations, and computer simulations
for the research of complex interdisciplinary
problems.
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4. Typology of Models Surveyed

The 57 models considered in detail in this re-
port are listed in tables 1 and 2. Table 1 gives
an overview of the range of characteristics of the
models surveyed. In table 2 the models appear
in alphabetic order of the principal investigators'
last names.

For each model, table 2 gives information on
substantive scope (social, political, economic) and
the major process simulated. The table indicates
whether the simulation is carried out by means of

a game (human players only), a computer (a com-

puter program independent of human players), or
both together (a man-machine game). The size

of the modeling effort in each cam is suggested
by the project costs, which are divided into ranges

of $1,000 to $10,000, $10,000 to $100,000, and more

than $100,000. These cost figures are often crude
approximations, and in a few cases are not given

at all. Finally, a starting date and the status of
completion are griven where this information is
known. It should be noted that "completeness"
is a relative concept, and most models are revised

and rebuilt continually for as long as the author's
interest is maintained. For purposes of the table,
"complete" should be taken to mean "in operation"
rather than "perfected."

The models whose substantive scope is exclu-

sively economic are considered in detail in section

5, and the social and political models are discussed

in section 6.

TABLE 1. SPECTRUMS OF THE MODELS SURVEYED (AN OVERVIEW OF MODEL CHARACTERISTICS)

SUBJECTS

Qualitative (...-) Qualitative+Quantitative 4-0 Quantitative

Psychology Politics Sociology Economics Engineering

SCOPE InternationalNationalRegionalUrbanSmall
group firmIndividuals

Industry

DETAIL

(Large-scale, aggregated)

Macrovariables (GNP, unemployment rates, votes) Microvariables (subjective decision criteria, percep-
tions)

OBJECTIVES
EducationPlanning-PorecastingResearchAnalysis

Training Evalu ation C oordination

PROCESSING MODE Human-player games
Man-machine simulation and games Computer simulation

I"TRANSPARENCY" "Black box" (only inputs and outputs represent
process)

"White box" (decision structure represented)

{SkillsCOSTS Time

Money

Humanities Social sciences

Sociology Political science Economics

Physical and engineering History
sciences

Computer programing Mathematics

10 years
50 man-years

3 months
3 man-molths

$2000
$2000/year

$2, 000, 000
$400,000/year
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SOCIAL, POLITICAL, AND ECONOMIC MODELS

TABLE 2. TYPOLOGY OF MODELS SURVEYED
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Principal investigator and
institution

Model name or acronym

co
73

52

§
Major process simulated

0.

0

Project
costs ($0OO)

Project
started

Status

0
0.
a

73.

R7.4

1,0

4.
8

1. Prof. Robert Abelson Individual Belief System X X Changes in belief systexns__ 1962 X
Yale University IDEOM.
2. Dr. Clark C. Abt

Mr. Martin Gordon
COIN Game X Insurgency and c ounter-

insurgency.
X X 1965 X

Abt Aszociates, Inc.
3. Dr. Clark C. Abt TEMPER X X Strategic decisionmaking...... X X 1961 X

Dr. Morton Gorden
Mr. James Hodder

Raytheon Company
4. Prof. Hayward Alker

Yale University
'United Nations Model X International decisionmak-

ing.
1965 X

5. Prof. Clopper Almon Inter-Industry Forecast to U.S. economy 1961 X
Harvard U. E.R.P. 1975.
6. Dr. Jack Alterman Inter-Agency Growth Mode. U.S. economy X 1062 X

Bureau Labor Statistics
7. Mr. John Biaxial MANCHESTER- Industrial revolution X 1965 X

Mr. Martin Gordon
Abt Associates, Inc.
8. Prof. Lincoln Bloomfield

M.I.T.
Political-Military Gaming

Exercise.
Political decision policy

planning.
1060 X

9. Dr. Robert Bogus law
Dr. Robert Davis

National Policy Formation__ Conflict among pressure
groups.

1964 X

Dr. E. B. Glick
S.D.C. Falls Church

10. Dr. Richard Bolt,
Bolt, Beranek and Newman

Doctoral Feedback in
Higher Education.

Flow of Ph. D.'s into
education.

X X 1961 X

11. Prof. Stanley Buchin HA RBETS X Executive decisionmaking X X X 1963 X
Harvard Business School
12. Prof. C. West Churchman
U. of California

Technological Innovation Technological innovation
in the firm.

X X X 1961,,

13. Dr. John Cogswell
Dr. John Bratten

Simulation of School Sys-
tem.

X Resources and activities in
educt.tion system.

X X X 1962

S.D.C. Santa Monica
14. Prof. Bernard Cohen
Stanford University

Conformity Status Charac-
teristics.

Persuasion process in small
groups.

X X 1959

15. Prof. Bernard Cohen
Stanford University

Expectation of Competence_ Development of belief sys-
tem.

X X 1962

16. Dr. Kenneth Colby
Stanford University

Internal Psychological Con-
flict

Mental processes X X 1962

17. Prof..7ames S. Coleman Career Game Choice of career X X 1963

Johns Hopkins U.
18. Prof. james S. Coleman Legislature Game Voting in a legislature X X 1963

Johns Hopkins U.
19. Dr. Martin David

Dr. Charles Holt
Microanalytical Model of

Household Seator.
Microanalysis of household

sector and labor force.
X 1964 X

U. of Wisconsin
20. Prof. James Duesenberry
Harvard University

Brookings-S.S.R.C. Model
of U.S. Economy.

U.S. national economy X X 1061 X

Dr. Gary Fromm
Brookings Institution

Prof. Lawrence Klein
U. of Pennsylvania

Prof. Edwin Kuh
M.I.T.
(Brookings-S.S.R.C.)
21. Prof. 1°hoebus Dhrymes
U. of Pennsylvania

Model of Investment ____ Firm's investment and divi-
dend behavior.

X 1964

22. Prof. Richard Eckaus
M.I.T.

Planning Models for Indian
Development.

Indian economy and plan-
ning.

1962

Prof. S. Chakravarty
Delhi University
23. Prof. James Friedman
Yale University

Firm Behavior Patterns _ Firm behavior in duopoly,
oligopoly.

1961

24. Prot. W. Gamson
U. of Michigan

SIMS C X X Group formation for re-
source allocation.

X 1964

25. Mr. Martin Gordon
Mr. David Merrill

POLITICA X Prerevolutionary political
conflict.

X 1965

Abt Associates Inc.
26. Prof. Harold Guetzkow
Northwestern U.

Inter-Nation Simulation,- X International conflict and
cooperation.

X X

27. Dr. John T. Gullahorn HOMUNCULUS X Interpersonal relations 1962 X
Dr. Jeanne E. Gullahorn

S.D.C., Santa Monica
28. Dr. Cyril C. Herrman San Francisco Community Land use and development_ X X 1962 X

Dr. Ira M. Robinson Renewal Project Model.
A. D. Little Inc.
29. Dr. Edward Holland
Simulmatics Corp.

Simulation of the Vene-
zuelan Economy.

Venezuelan national
economy.

X 1963

30. Prof. Hendrik Projection of Consumer Consumer dew and in 1961

Houthakker Demand. U.S. economy.
Harvard Universit;
31. Prof. Morton Kaplan
U. of Chicago

Balance of Power Model.._ International balance of
power.

X 1962 X

32. Prof. Manfred Kochen Image Formation in X Information structuring_. X X 1965

U. of Michigan Automata.
33. Prof. Gerald i.".ramer Precinct Level Campaign Canvassing strategy X X 1963

U. of Rochester Model.
34. Prof. Wassily Leontief Multiregional Interindustry Interregional study of X X 1962 X
Harvard U., E.a.P. Model. U.S. economy.
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TABLE 2. TYPOLOGY OF MODELS SURVEYEDContinued

Principal investigator and
institution

Model name or acronym

cia

7"c30

F4

-2
2,
14

Major process simulated
0

0

i..0,
=
C2,

C.)

Project
costs ($000)

Project
started

Status

1

0

2
.2

-4 g r"..

35. Prof. J. C. Loehlin
University of Texas

ALD OUS X __ __ Mental processes including
emotion.

__ X ._ __ __ 1962 X

36. Prof. Richard Meier METROPOLIS X X Urban planning X __ __ X __ 1964 X
University of Michigan

Prof. Richard Duke
Michigan State U.
37. Prof. John Meyer

Dr. David Kresge
MotiPt for %g

l'icilaspx . s:.ais.
__ _. X Transportation sector in

national economy.
-- X -_ __ X 1962 X

Dr. B. V. Martin
Dr. Charles Warden

Harvard University
38. Prof. Robert North
Stanford University

General Inquirer Inter-
national Conflict.

-- X -- Content analysis of decision
documents.

-- X -- -- X 1958 X

39. Prof. Guy Orcutt Micro-Analytie Model of a X -- X Microanalysis of economy __ X -- X -_ __ X

- U. of Wisconsin Socio-Economic System.
40. Dr. Lewis Paradiso Econometric Model of U.S__ -- -- .K U.S. economy_ - X -_ __ 1963 __ X

Dr. M. Liebenberg
Dept. of Commerce
41. Prof. Ithiel Pool
M.I.T.

CRISISCOM X X __ Salience and affect in deci-
sion maker's perception.

X X -- X __ 1964 X

42. Prof. Ithiel Pool
M.I.T.

COMCOM - X -- Communication structure
of Communist nations.

_- X _- -- X 1962 X

43. Mr. R. n't Rea
Mr. Thomas Synott

Research and Development
Effectiveness.

__ __ X Laboratory resource alio-
cation.

-_ X __ X __ 1962 __ X

Mr. Ambrose Nutt
U.S. Air Force
44. Mr. Robert Rea
Abt Associates Inc.

Systems Development
Planning Structure.

__ __ X Weapons system develop-
ment for U.S. Air Force.

X X .._ X __ 1965 X

45. Prof. William Riker
U. of Rochester

Three-Person Coalition
Game.

X _ __ Bargaining and coalition
formation.

X __ __ X __ 1964 X

46. Dr. Sidney Rome
Dr. Beatrice Rome

LEVIATHAN X __ _- Decision making in an
organization.

X X __ __ __ 1960 X

S.D.C., Santa Monica
47. Prof. Thomas Schelling
Harvard University
48. Dr. David Seidman
Delaware Valley R.P.C.

Two-Person Nonverbal
Bargaining,

Activities Allocation Model_

__

__

X

__

__

X

Bargaining with communi-
cation blocks.

Regional distribution of
activities.

X __

X

__ __ __

x
X

49. Dr. Gerald Shure
S.D.C., Santa Monica

Territories Game X __ Bargaining tactics and
communication.

X X __ __ X 1962 X

50. Prof. Robert Solow
M.I.T.

FUSE G _ __ X U.S. economy (full employ-
ment).

-- X -- _- X 1963 X

Prof. James Tobin
Yale TJniversity
51. Dr. Wilbur Steger Pittsburgh Urban Renewal X __ X Urban development X __ 1964 X

CONSAD Model.
52. Mr. Peter Stern Ohio River Basin model____ __ __ X Regional development X __ __ X 1962 __ X

A. D. Little Inc.
53. Prof. Daniel Suits Econometric Model of U.S. -- X U.S. economy _ X __ __ __ 1953 __ X

University of Michigan Economy.
54. Prof. Robert Summers
U. of Pennsylvania

Lifetime Income Distribution
Model.

-- __ X Distribution of income over
life.

__ _- X

55. Mr. Marshal Wood
National Planning

PARM __ X U.S. nevrny after nuclear
exchi....

__ X _ _ X 1959 __ X

Association
56. Mr. Marshall Wood
National Planning

DEEP __ __ X U.S. regional economy after
nuclear exchange.

__ X __ _ X 1964 X

Association
57. Prof. Arnold Zellner
U. of 'Wisconsin

Microanalytical Model of
Household Sector.

__ _ X Microanalysis of household
sector.

__ X _ X _ 1962 X
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Empirical research in economics has advanced
at a rapid rate during the last few years. There
are a number of significant advances in economic
modeling, for example, which have widened the
scope ot analysis for economic forecasting and
for scholarly rese,rch into the structural relation-
ships of our economic system. We are explic-
itly concerned, in this report, with some of the
more recent contributions to economic modeling,
and, in particular, with the pothntial applicability
of modeling techniques for Government policy-
planning purposes. Included here will be a de-
scription of the substantive content of the several
economic models included in our survey, a sum-
mary of the scope and research desigrn set forth
by the modelers, and an evaluation of the actual
and potential applications of the various models.

The report will focus on the outstanding features
evolving from the survey as a whole, and especially
on the problem-oriented character of some of the
more recent models. Our conclusions will indi-
cate, to a limited extent, where breakthroughs are
or can be expected to appear in the near future
which can significantly improve the quality and
direction of Government planning efforts.

A number of the models and simulations ex-
amined for this survey are discussed in consider-
able detail. For others, some of which do contain
arivances in economic and statistical decision
theory, we did not have sufficient information for
lengthy description, and these will be mentioned
only in passing. The principal economic models
which have been examined are:

Name Principal investigators

1. Brookings-SSRC ModeL Prof. James Duesenberry
Dr. Gary Fromm
Prof. Lawrence Klein
Prof. Edwin Kuh

2. Future U.S. Economic Growth (FUSEG)

3. Econometric Model of the U.S

Prof. Robert Solow
Prof. James Tobin

Dr. Lewis Paradiso
Dr. Maurice Liebenberg

4. Program Analysis for Resource Management Mr. Marshall K. Wood
(PARM).

3. Dynamic Economic Evaluation of Programs Mr. Marshall K. Wood
(DEEP).

6. Multi Regional Interindustry Model Prof. Wassily Leontief

7. An Interindustry Forecast of the American Prof. Clopper Almon
Economy to 1975.

8. Interindustry Employment Table (Interagency Dr. Jack Alterman
Growth Study).

9. Projection 0: Consumer Demand Prof. Hendrik Houthakker

Institution

Harvard.
Brooking.
University of Pennsylvania.
M.I.T.

M.I.T.
Yale.

Office of Business EP' 'ics,
Department of C .ce.

National Planning tion.

10. Planning Models for Indian Economic Develop-
ment.

11. Ecommetric Model for Evaluating Transpor-
tation Systems.

2(36-754-66vo1.17-15

National Planning Association.

Harvard Economic Research
Project.

Harvaxd Economic Research
Project.

Bureau of Labor Statistics.

Harvard University.

Prof. Richard Eckaus
Prof. S. Chakravarty

Prof. John Meyer
Dr. David Kresge
Dr. Charles Warden
Dr. B. V. Martin

M.I.T.
Delhi University.

Harvard Transport Technology
Department.
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12. Econometric Model of the U.S. Economy

13. A Model of Lifetime Income Distribution

14. A Model of Investment Dividend and External
Finance Aspects of Firm Behavior.

15. A Microanalytical Model of the Household
Sector and a Simulation of Labor Force
Participation Decisions.

16. A. Microanalytical Model of Household Eco-
nomic Activity.

17. A. Microanalytical Model of a Socioeconomic
System.

18. San Francisco Community Renewal Project
Model.

19. Ohio River Basin Model

20. Model of Technological Innovation in the Firm _

21. Harbets Simulation Exercis3 in Management
Control.

22. The Pittsburgh Urban Renewal Simulation
Model.

23. Model of Behavioral Patterns of Firms in
Duopolistic and Oligopolistic Markets.

24. MANCHESTER (a Game of the Industrial
Revolution).

25. Research and Development Effectiveness
Moeel.

26. Systems Development Planning Structure (for
Air Force Systems Command).

27. Activities Allocation Model (Penn Jersey
Transportation Study).

28. Simulation of the Venezuelan Economy

Principal investigators

Prof. Daniel Suits

Prof. Robert Summers

Prof. Phoebus J. Dhrymes

Institution

University of Michigan.

University of Pennyslvania.

University of Pennsylvania.

Dr. Martin David
Dr. Charles Holt

Social Science Rearch Institute,
University of Wisconsin.

Prof. Arnold Zenner

Prof. Guy Orcutt

Dr. Cyril C. Herrman
Dr. Ira M. Robinson

Mr. Peter Stern

Prof. C. West Churchman

Prof. Stanley I. Buchin_

Dr. Wilbur A. Steger

Prof. James Friedman

Mr. John Blaxall

Social Science Research Institute,
University of Wisconsin.

Social Science Research Institute,
University of Wisconsin.

Arthur D. Little Inc.

Arthur D. Little Inc.

University of California.

Harvard Business School.

CONSAD Research Corp.

Yale University.

Abt Associates Inc.

Mr. Robert H. Rea
Mr. Thomas W. Synnott
Mr. Ambrose B. Nutt

Mr. Robert H. Rea

Dr. David R. Seidman

Dr. Edward P. Holland

The major portion of quantitative economic re-
search in the United States has been done on the
national, macroeconomic level. This is primarily
a result of data availability and the preferences of
most economists for work on the national aggre-
gate level. Until recently most U.S. Government
data, the major source for national economic re-
search, has not been thsaggregated below the na-
tional accounts level. Those data which are
collected on a microunit level, particularly with
regard to the firm, are not easily available for re-
search purposes, clue in part to the privacy and
political constraints to which the Government
must adhere, and in part to the lack of local and
regional administration set up for data collection.
Furthermore, questions of nacional policy, such as
unemployment, inflation, and economic stability,
are dealt with on a macroeconomic scale, and Gov-

U.S. Air Force.

Abt Associates Inc.

Delaware Valley Regional
Planning Commission.

Simulmatics Corporation.

ernment policymakers are accustomed to fore-
casting policy impact on the basis of these national
account magnitudes. Data are now available for
quarterly econometric models, whereas m the past
only annual data could be used.. This permits sig-
nificant advances in the state of the art of model-
ing:. Table 3 indicates the preponderance of the
U.S. Government as a data source, and the prepon-
derance of national level macroeconomic data.

Table 4 indicates the scope and major objectives
of the models surveyed. The majority dealt with
the U.S. economy, for policy planning or forecast-
ing purposes. A. smaller number deal with tt par-
ticular economic sector, such as Professors David
and Holt's investigation of labor force participa-
tion decisions in the unemployment market, and
Professor Houthakker's projection of consumer
demand for 81 categories of consumer goods and
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TABLE 3. SOURCES OF DATA FOR ECONOMIO MODELS IN PERCENT OF MODELS SURVEYED

U.S. Government

State and local governments

University data libraries

Foreign government

Self-generated

Industry

.\.

NIk\'

14%

17%

14%

\ \\

M\

23%

\ INN1 2 0 %
\N

10 20 30

L =Local.
R =Regional.
N =National level macroeconomic data.

services. Several (CONSAD Corp., A. D. Little
Inc.) were developed to cope with regionaland ur-
ban planning problems of 'both a forecasting and
resource allocation nature, and some of the na-
tional models were constructed in such a way as to
deal with the entire economy on an interregional
framework. Leontief's model evaluates the impact
of an arms cut on the industrial composition and
regional distribution of employment in the con-
tinental United States. The Harvard Transport
Center's model, though national in scope, was con-
structed to evaluate alternative transportation in-
vestments in an underdeveloped country, taking
into account interregional development problems
and programs.

At 1-3ast four of the models dealt explicitly with
the behavior of the firm: Professor Friedman's
game about decisionmaking patterns of duopolies
and oligopolies ; Professor Buchin's HARBETS
Model at the Harvard Business School; Professor
Churchman's innovation reception game ; and
Professor Dhrymes' model of the interaction be-
tween dividends, internal financing, and invest-
ment decisions in a firm. All of these models try

55%

40 50 60 70

to analyze the behavioral pattern of decision-
makers under certain speci fled conditions, and
three of them were developed as games; that is,
they require role-playing by actors who represent
businessmen in real or simulated business condi-
tions. In the Harvard Business School's HAR-
BETS simulation, for example, each team requires
four players for a 2-week period, during which
time each player assumes the role of either market-
ing vice president, manufacturing vice presi-
dent, director of research and engineering, or
comptroller.

During this 2-week simulation exercise, in
which every day equals a 3-I ionth operating
period, each officer controls his area of the business
on a profit-maximizing basis. Each executive de-
cision is programed into a computer which deter-
mines the effects of the decision on company
welfare, and feeds the informatirm back -to the
management team. Factors considered include
capital markets, competition, worker productivity,
product quality, and many others. .At the con-
clusion of the exercise, the participants compare
the results of their decisions with the potential out-
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Number of models

141

13

12

10
9

8

7

6

5

4

2

1
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TABLE 4. SCOPE AND PURPOSE OF ECONOMIC MODELS S URVEYED

PURPOSE

Structural analysis

Policy planning

Forecasting..P

11111 Teaching

U.S.
economy

Foreign
economy

come for the firm, had no policy changes been
made from those recommended to them by the
umpires.

The purpose of this simulation is twofold.
First of all, valuable information is obtained
about the process of decisionmaking and responsi-
bility in a medium-size firm. Executive behavior
patterns can be analyzed as a means of gaining
an insight into the behavior patterns of executives
performing in real business situadons in the out-
side world. Also, one can observe in which areas
and techniques of management control executives
are least qualified for effective decisionmaking
purposes. The type of question to be asked, for
example, is : Could 1Ur. A have made a more profit-
able choice of alternatives in the second quarter
if he had had adequate training in statistical
decision theory ?

Secondly, simulation methods provide an ex-
cellent teaching-training device for businessmen
in decisionmaking positions. Where else can they
have the experience of operating in an actual
business situation, see the end results of their
choice of decisions, and compare this set of al-
ternatives with othier possibilities put forth by
the computer? The techniques of man-machine
games for business and government training pur-
poses is promising in its applications and should

Regional
analysis

Were

Sectoral
analysis

(Industry, household, etc.)

Theory of
the rim

be pursued with much greater effort as a valuable
educational tool.

Educational games for learning purposes have
been applied in primary and secondary schools
with some success. In a game called MAN-
CHESTER, developed for the senior high level
by John Blaxall of Abt Associates, stud.ents di-
vide into teams representing farmers, laborers,
and millowners in England during the industrial
revolution. By evaluating the opportunity cost of
of renmining in the countryside after enclosure
instead of moving to the city to become a factory
worker, the students Lecome aware, at 1.6 im-
plicitly, of the theory of supply and demand.
They fmd that as more people migrate into the
cities and towns, the wage rate therebecomes lower.
They also find that there are advantages to be
gained from using large-scale machinery rather
than small, as well as the costs associated with
overcapitalization.

All of the gaming simulations are submodels of
certain salient processes from larger scale eco-
nomic phenomena. MANCHESTER represents
only a microsection of economic life in England
during the 18th century, yet it effectively portrays
the essence of socioeconomic problems of the
yeoman-turned-laborer at the time of the indus-
trial revolution. The several games dealing with
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behavior of the firm pick out selected behavioral
interactions which they wish to explore, and they
do not attempt to evaluate all the other elemcits
involved. Only the larger models have adopted
the general equilibrium approach of dealing with
all the interactions in the economic system being
defined. Most of theso are the large national
models, although there are three regional and one
urban simulation included. The San Francisco
Community Renewal Project model is concerned
only with the forecasted housing requirements and
construction for San Francisco and is therefore
classifie,.: as a partial equilibrium in this study.
Table 5 presents an arbitrary classification of the
major models into a comprehensive/specific/be-
havioral matrix by type of model.

Table 6 indicates the distribution of models by
type of design. Human gaming and micro-
analysis tech.niques are relatively uncommon
methodologies for economic analysis, cempared to
econometric regression models and interindustry
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flow tables. The latter were first developed in the
1930's and 1940's in response to national level
problems concerning employment, income, invest-
ment, etc., and except for several specific elements
to be discussed below, the advances in these model-
ing techniques are more quantitatively than quali-
tatively oriented. Large scale computers have
allowed the expansion of these models to hun-
dreds of equations, although methods of data col-
lection and statistical inference techniques have
improved at a less spectacular rate. The Brook-
ings-SSRC model, for example, with over 400
original equations, is more than five times as large
as any currently existing econometricmodel. And
the FUSEG model, which is still being developed
in the universities, will involve about 300 equa-
tions. Such levels of disaggregation allow much
more satisfactory and detailed research mto the
structure of the economy than was previously pos-
sible, but whether their forecasting capabilities,
for Government aggregate purposes, have greater

TABLE 5. DIFFERENT TYPES OF ECONOMIC MODELS

Economic models Comprehensive models Models dealing with specific processes Behavioral models

NATIONAL
MODELS

BrookingsSSRC
(Fromm, Duesenberry, Klein and

Kuh)
FUSEG
(Tobin, So low)

Department of Commerce
(Liebenberg, Paradiso)

PARM
(Wood, NPA)

Inter-Industry Forecast
(Almon)

Bureau of Labor Statistics
(Alterman)

Indian Planning Models
(Eckaus)
Harvard Transport Model
(Meyer, Kresge, Martin, Warden)
U.S. Econometric Model
(Suits)
Microanalytic Model
(Orcutt)

Consumer Demand Projection
(Holthakker)

REGIONAL
MODELS

DEEP
(Wood, NPA)
Multi-Regional Model
(Leoutief)
Ohio River Basin Model
(Stern, A. D. Little)

Activities Allocation Model
(Seidman, Delaware Valley Regional Planning

Commission)
Penn Central Merger Simulation
(Steger, Graves, CONSAD)

URBAN MODELS Pittsburgh Urban Renewal Simula-
tion Model

(Steger, CONSAD)

San Francisco Community Renewal Project
(Herrman, Robinson, A. D. Little)

DECISION ALLOCA-
TION MODELS

Systems Development Planning
Structure

(USAF)

Research and Development Effectiveness Model
(Rea, Abt Associates Inc.)

INDUSTRY MANCHESTER
(Blau% Abt Associates Inc.)

FIRM Investment Behavior of Firm
(Dhrymes)

Innovation Simulation
(Churchman)
Harbets Simulation
(Buchin)
Duopoly and Oligopoly
(Friedman)

HOUSEHOLD Lifetime Income
(Summers)

Household Sector
(Zellner)
Household Sector
(David and Holt)
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utility than that of the Department of Commerce
model with only 50 equations, is not a priori clear.
The size of a model is a sienificant advantage only
in terms of the purpose for which it was con-
structed. To disaggregate beyond a given level
may involve unnecessary effort which might be
better utilized in improving the qualitative aspects
of the model.

There is a certain amount of discussion about
the utility of linear or nonlinear functions in eco-
nomic models. There are two arguments with re-
spect to this position : The first supports the con-
tention that in the real world relationships
between variables, such as investment in plant and
equipment and total output, are not linear. There
are certain points along a production function
curve where capital investment is required for
capacity utilization purnoses, but where such in-
vestments are not necessarily undertaken. Nu-
merous factors may intervene. If decisionmakers'

Number of models in survey

expectations in the next period are pessimistic,
they may feel it worthwhile to take a short-run
loss on unfulfilled demand rather than make a
large long-term investment which they see no op-
portunity of recovering. On the other hand, if ex-
pectations are favorable, capital investment may
take the form of plant and equipment in a large
scale expansion drive. It is difficult to predict
these discontinuities (though Professor Eisner
at Northwestern has done superior work on invest-
ment realization equations), and therefore, some
economists claim linear relationships are as good
an approximation to reality as complex discon-
tinuous functions. However, there are certain
threshold techniques which may be used with
linear functions to introduce discontinuity and
asymmetry. Such techniques have been included
in the price formulation equations l f the Brook-
ings model to account for the discrepancy in re-
sponse of certain variables to price and expecta-

TABLE 6. Trras or ECONOMIC SIMULATION

12

Econometric
regression

Microanalytical



SOCIAL, POLITICAL, AND ECONOMIC MODELS

tions' changes, and in the Department of
Commerce model to explain the nonlinear rela-
tionship between production capacity and output.

If great care is taken in construction of a model
to insure replication of real world processes in the
decision logic of the model, and revision of co-
efficients and parameters takes place on at least
an annual basis, as with Professor Suits' economet-
ric model of the United States, then linear func-
tions can be included with less probability
of forecasting error. The costs and benefits of
various model designs must be considered, as well
as the projected purpose which the model is ex-
pected to fulfill. For a short term forecasting
model, constant returns to scale without capital
investment is a reasonable structural assumption
with intermediate and long-range models, non-
linearities and discontinuous mathematical rela-
tions must be introduced to avoid serious errors in
policy decisionmaking.

The large scale effort required to supply data
requirements, develop statistical estimation tech-
niques, and construct models has generated a new
element in model building, namely, "modeling by
committee." Over half of the economists inter-
viewed in this survey were connected in some
way or another with a group of research econo-
mists, all contributing their expertise to the fmal
product. In one sense, this reflects the large
amount of time and money poured into such efforts
as the Brookings, FUSEG, or Interagency
Growth Study Models, but in another, it also in-
dicates the degree to which specialization of labor
has occurred in the model building field. Dr.
Alterman has enlisted the services of several uni-
versity professors for detailed remarch on the
Interagency Growth Model, which itself is a joint
effort between the Bureau of Labor Statistics, the
Council of Economic Advisers, the Bureau a the
Budget, and the Department of Commerce. This
model is basically an input-output model based on
the 1958 published version of the Depart-
ment of Commerce's Input-Output Table. The
Bureau of Labor Statistics has developed estimates
of employment-output relationships on an indus-
try basis, and has converted the interindustry out-
put requirements per dollar of final demand into
employment requirements. With both these esti-
mates, and projected changes in productivity and
total output, the Bureau can undertake planning
efforts to meet manpower requirements ex-
pected in the future. Professor Houthakker of
Harvard has constructed a model, to be integrated
into the Interindustry Growth Study, which fore-
casts consumer demand for 84 categories of goods
and services. Other sections of the research have
been subcontracted to the Bureau of Mines, the
Harvard Economic Research Project, and the Na-
tional Planning Association.

FUSEG is being developed at both MIT and
Yale under Prof-ssors Solow and Tobin. A long-
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run econometric forecasting model, FUSEG will
attempt to estimate the "principal global meas-
ures' of U.S. economic activity, giving particular
emphasis to expected cyclical develçpments in
capital investment and employment. Though not
as large a model as the Brookings effort, F SEG
is expected to have over 300 equations.

The Social Science Research Institute at the
University of Wisconsin sponsors a number of re-
search projects using micromodels of the decision-
making units in the economy (households, firms,
markets) to try and understand the functioning of
the national economy. The Institute is develop-
ing a set of data file programs to aid in the esti-
mation of micromodels and is in the process of
building a library of research data. It is engaged
in compiling ambitious computer programs for
simulati n studies of microanalytic models, and
under I. 7-_Nfessor Orcutt's direction serves as a
clearinghouse for research on microanalytical
techniques.

The Brookings-SSRC model, of course, is the
prototype of collective model-building efforts.
More than 20 experts on all parts of the economy
have participated in its construction and solution.
The project itself was jointly sponsored by the
Soci-1 Science Research Council and the Brook-
ings Institution, and its main direction came from
four different institutions : James Duesenberry at
Harvard, Gary Fromm at Brookings, Lawrence
Klein at the University of Pennsylvania, and Ed-
win Kuh at MIT.

These committee undertakings indicate that
vast Imowledge and experience go into the devel-
opment of a model designed to "explain the varia-
tions in GNP and its major components, as well as
major price movements, employments, and wage
rates." The magnitude of the effort on this and
other ambitious modeling projects cannot be sup-
ported, either intellectually or financially, by in-
dividual researchers working in isolated labora-
tories. The day of the "general practitioner" may
be at an end, and so may lae the day of all-purpose
economic model builders. This is not to say that
these economists are intellectually incapable of in-
dividual projects, or that single economists can
no lmger be expected to introduce revolutionary
concepts and theories. Rather, given the corn-
., atation capabilities and expense, the legwork of
data collection and preparation, the delicateness
of statistical estimation and model construction,
and the race to finish a project before it is hope-
lessly obsolete, the task of economic model build-
ing for national planning, forecasting, or research
purposes is beyond any single analyst's capacity.

One of the most significant observations in any
study of economic models is the divergence between

Duesenberry, James S. and Lawrence R. Klein, "Introduction :
The Research Strategy and Its Application," The Brookings-
SSRO QuarterZy Econometerio Model of the U.S. Economy, Rand
McNally & North-Holland, 1965, P. 8.
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the two methodological techaiques for simulating
the national economic system : The macro ap-
proach of most large scale econometric and inter-
industry models and the microunit approach of
the microanalytical school. As we have already
pointed out, the U.S. Government, which supplies
the bulk of the data for model building purposes,
publishes it in national statistical accounts form
gross national product, total consumption, total
investment, etc. Some census data are disaggre-
gated, but they are more demographic in charac-
ter than economic. In consequence, data avail-
ability has perpetuated macroeconomic model
building and macroeconomic forecasting for
policy-planning purposes. This is a useful metho-
dology which should, not be underestimated. How-
ever, it is important to have an equal understand-
ing of the microanalytical technique, which, if
data were available for the individual decision-
making units of the economy, could become a valu-
able complement to macroeconomic forecasting
and structural analysis.

The purpose of Professor Orcutt's microanalyt-
ical model is to apply the knowledge of institu-
tions and decision units gleaned at the microlevel
to predictions about national aggregates and their
responses to Government policy measures. The
basic hypothesis underlying Orcutt's theory is
that "predictions about aggregates should be ob-
tained 3ay aggregating the behavior of elemental
units rather than by attempting to aggregate be-
havioral relationships of these elen ental units." 2
The question the policymakers want to answer
is how the dependent variables in an economic
system depend on policy elements. They cannot
derive this information from macroanalysis with
total accuracy since macroanalysis supplies only
the mean behavioral pattern. With microanalyt-
ical techniquesexamining behavior of house-
holds, individuals, and firms and the transactions
among themthe policymaker is able to under-
stand and forecast much 'better the range of possi-
ble behavioral patterns resulting from any given
analytical framework. And since microanalytical
models include a high number of observations for
each parameter being tested, there is a high prob-
ability of obtaining a relatively unbiased distribu-
tion. Finally, by means of a computer simula-
tion, the policymaker may obtain a fairly accurate
prediction of how the actual economy will behave.

The major obstacle to microanalytical modeling
is the unavailability of data in disaggregated
form. The Consumers Surveys Series published
by the University of Michigan each year is the
major source of data at the present time, although
there are some indications that the Federal Gov-
ernment may begin to make some of these data

2 Orcutt. Guy H., Martin Greenberger, John Korbel, and Alice
Microanalysis of Socioeconomic Systems: A Simulation

Study, New York, Harper & Brothers, 1961.

available on a micro basis for researchers in this
area. Only when sufficient data are available can
the real value of microanalytical techniques be
determined.

The increasing need for dis,aagregated data for
model construction must be linked with the need
to build problem-oriented modelsmodels that
will serve as an insight into the processes of com-
plex economic and behavioral interactions or
models whose output will serve as guidelines for
better forecasting and policy plannmg decisions.
Table 7 indicates the current and potential appli-
cations of the models surveyed in our study. If
one excludes the research category as primarily
including those models still under construction, it
can be seen that the potential uses of modeling
techniques are ahnost as great as their current ap-
plications.

The pressures of overcrowded metropolises and
the introduction of urban renewal schemes demand
the development of new analytic tools for urban
planners. Arthur D. Little, Inc., has developed
a simulation model of the housing market as
a means to predict and evaluate the composition,
quantity, price, and demand for San Francisco's
housing. The model will be used by San
Francisco's officials and planners to improve
their decisior.making ability in selection of
alternative public investments, using a com-
puter sinr-lation to trace the effects of any
proposed policy action. It is intended that an
understanding of the housing system will generate
ideas for new programs not previously considered.

Dr. Wilbur Steger's simulation model of the
Pittsburgh Urban Renewal project, while similar
in intent, is much more ambitious in scope and
objectives. This model attempts to simulate the
entire metropolitan area, including land uses, em-
ployment flows, residential and commercial pat-
terns of movement, and industrial growth and
development. Though much too complicated to
be summarized in a few sentences, the Pittsburgh
model is representative of the new types of prob-
lem-oriented models being developed.

The reg..onal planning models are also indicative
of this trend. Those examined for this report
have definite questions which they must answer.
The DEEP (Dynamic Evaluation of Economic
Programs) model of the National Planning Asso-
ciation attempts to evaluate the economic effects of
different levels of war damage on the United
States, on a recrional basis. The Leontief model,
as mentioned earlier, is an effort to evaluate the
impact of an arms cut on the industrial composi-
tion and regional distribution of employment in
the United States. And the Arthur D. Little
model of the Ohio River Valley forecasts the level
of industrial activity in the Ohio River Basin, in
order to estimate total water resource requirements
up to the year 2000.
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TABLE 7. STATED CURRENT AND POTENTIAL APPLICATIONS OF ECONOMIC MODELS ACCORMNG TO 27 RESPONDENTS1

Number of models

16 'Iltrrrmyr

15

14

13

12

11

10

9

8

7

6

5

4

3

2

WHO,

M.&

ONO

U.S. Government policy Foreign government
planning and forecasting development planning

Note: Mcgnitudes represent number of respondents indicating particular applications,
rot the number of curent or potential applications.

1Total is more than 27. because some respondents remarked on several applications.

Industry

CODE

0 Current

n Potential

Research

A novel application of simulation was used to
evaluate the economic feasibility of the proposed
merger between the Pennsylvania Railroad Co.
and the New York Central Railroad Co.; a com-
puter simulation of the freight flows in the New
York and Pennsylvania regions covered by the two
railroads was constructed to ascertain whether the
economy of Pennsylvania would be adversely or
favorably affected by such a merger. This under-
taking represented a "pioneering effort to apply
computer science and modern analytical techniques
to the complex decisions of administrative law." 3

Similarly, the Activities Allocation Model, be-
gan as a Penn Jersey Trangportation Study in
1964, contributes significantly to the technology of
modeling. Essentially a transportation model,
the Activities Allocation Model will be used for
examining the circular relationship between the
economic growth of certain regions and the avail-
ability of (new) transportation service. It will
explain locational and land use behavior as a func-
tion of a number of economic and demographic
variables in the region. The overall model con-

s gtcgr, W. A., and F. M. Graves, Digest of Statement Before
tne rnterstate Commerce Commission, Finance Docket No. 21989
(Intervention of Commonwealth of Pennsylvania in Joint Ap-
plication for Merger of the Pennsylvania Railroad Co. and the
New York Central Railroad Co.), p. I.

Teaching Regional
planning

Urban
planning

sists of seven major submodels,4 each of which
determines either the location of a given type of
activity or the amount of land that this activity
uses. The model will be used to project regional
growth and corresponding transportation needs
up to 1985, using a series of recursive 5-year
progressions.

Professor Almon has applied input-output tech-
niques in a novel manneras a long-range business
forecasting tool for the firm. Almon believes that
many fundamental business decisions require an
integrated analytical approachone which con-
siders a variety of factors at the same time, such
as expected growth in a nymber of industries or
potential future supply of certain key input corn-
niodities, over a period of 5 or 10 years hence.
Almon's interindustry matrix, disaggregated into
90 industries, provides a framework for evaluat-
ing a wide range of business decisions, such as
capital investment decisions, product development
decisions, dive]. Jification decisions, portfolio de-
cisions, regional planning, and manpower develop-
ment decisions. The value of Professor Almon's

4 Residential location model, residential space consumption
model, manufacturing location model, manufacturing space con-
sumption model, non.oanufacturing location model, nonmanufac-
turing space consumption model, and street area model.
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approach is its inclusion of the interconnectedness
among different industriesa factor which takes
account of both direct. and indirect effects of
multiplier/accelerator activity in the economy
and thergore allows a general equilibrium
analysis.

There is a critical need for resource allocation
models which can evaluate the utility of alternative
investment decisions,-given certain constraints and
objectives, and arrive at optimum allocation de-
cisions. Several such models have in fact been
developed, two of them in linear programing for-
mat by Robert H. Rea of Abt Associates. The
first model, a Research and Development Effec-
tiveness Model, was built in 1962 at the Air Force
Flight Dynamics Laboratory, Wright-Patterson
Air Forcs Base, Ohio, by Mr. Rea, Thomas W.
Synnott III, and Ambrose B. Nutt. The model
has been operated and used to assist with the allo-
cation of resources to research and C,evelopment
projects for the last 3 years. The actual allocation
optimization is achieved by the use of a modified
linear program that is constrained to select only a
single level of effort for the acceptable projects,.
Resource constraints and project costs are expressed
in several different categories of both funds and
manpower. Project value is measured in terms of
expected rate of progress, the degree of contribu-
tion to objectives of the laboratory, the relative
importance of these objectives, and the timeliness
of the expected product of the project. Data and
evaluations are supplied by all levels of laboratory
management and by supporting organizations
according to their respective responsibilities.
Data are collected for a projected 30-year time
period and form the basis for 5-year allocations
recommended by the model. The mode '. considers
data for 5 levels of effort for over 200 research
tasks and 5 resource types for each year. After
the actual allocations are made, followup actions
are taken to compare actual and expected progress.
The model is directly applicable to the many other
Government and inaustrial organizations that are
faced with the difficult decisions of proper alloca-
tion of research and development resources.

A second model, similar to the first, is curreatly
behig developed by Mr. Rea at Abt Associates Inc.
for the Air Force Systems Command. This de-
cision model will assist Air Force long-range
planners to select those weapon and support cys-
tems which should be given increased emphasis for
future development. The results expected from
its use include further study of the most promising
systems, new programs to overcome technical
problems standing in the way of future develop-
ment decisions, or action toward acquisition. The
model will permit comprehensive examination of
the many factors that must be considered in this
decision process, such as national military policy
objectives, military functions, technological feasi-

bility, costs, and resources expected to be available
in the future. Mathematical algorithms are used
to relate system performance to objectives, L.1,d
optimization techniques are used for the allocation
of resourPeQ hy fiQc31 yen r over an extended time
period to competing systen concepts. The plan-
ner is able to "converse" -.',irectly with the com-
puter with the use of a remote console operating
a computer in a time sharing fashion. The model
has a hierarchical structure, and therefore can be
used to assist with any resource allocation problem
in either Government or industry where program
costs and expected values to the objectives of the
organization can reasonably be estimated.

Two of the models surveyed relate specifically
to foreign economies. Dr. Holland of the Simul-
matics Corporation is leading the development of
a simulation model of the Venezuelan economy.
The model is being, used experimentally, under an
arrangement with. the Venezuelan Government
Planning Agency, to check "the consistency and
reasonableness of certain assumptions and projec-
tions used in the 4-year Plan de la Nación,
1965-68." 5 The policy questions which the simu-
lation is designed to answer are basically fiscal in
nature : How to determine the optinmm rate of
growth attainable without inducing either a for-
eign exchange crisis or a severe domestic inflation ;
and how to decide on the magnitude and compo-
sition of a government expenditure program to
achieve that rate of growth.

The interesting features of the project are the
shift in emphasis from comprehensiveness to flexi-
bility during the model's construction and the high
correlation between the model's performance and
historical reality. The original intention was to
develop an extremely complex model which would
be applicable to all kinds of problems within one
framework. As work progressed, however, it was
decided to adopt instead a more flexible and
adaptable model formulation, using interchange-
able c omponents.

The second foreign economy model (or, more
accurately, set of models) was by, Professor
Eckaus of MIT and Professor Chakravarty of
Delhi University. The two long-term and two
short-term models are related specifically to In-
dian planning efforts, and use a somewhat modified
standard linear program o allocate resources
among sectors of the economy in successive time
periods under various constraints. Although a
standard program is used, the models are of spe-
cial interest owing to their explicit consideration
of intertemporal as well as intersectoral relations.
Adaptations of the original models are being de-
veloped which focus on import substitution in

3 Holland, E. P., et al., The Development of a Simulation of the
Venezuelan Economy (prepared for Centro de Eatudios del
Decarrollo by Simulmatica Corporation), New York, April 1965,
p. 2.

iJ
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India and Nigeria, and on industrial location in
Brazil.

The wide range of substantive and methodo-
logical accomplAhment included in this report
attests to the confidence of model-builders in the
utility of their technique. One cannot dispute the
value of this empirical research in enhancing our
knowledge of the economic structure of the Nation
and its microunits. Nor can one belittle the sig-
nificant contribution made by the regional and
urban renewal planners, given the serious need to
conserve water resources, maximize public trans-
portation facilities, and design, at the same time,
both functional and esthetic metropolitan areas.
The usefulness of their research efforts in the de-
velopment of economic theory should also be
stressed.

There are still serious theoretical gaps in our
understanding of economic syrstems however, and
the direction which quantitative research choc ses
to take will have considerable effect on the rate at
which this theory is developed. Mors and better
research is needed to differentiate policy impact in
disparate regions of the country and on distinct
socioeconomic groups. The War on Poverty dic-
tates the need to develop disaggregated methods of
analyzing Government fiscal expenditures to de-
termine whether or not these measures actually
work against the spread of poverty, in the most ef-
fective manner. The primacy of improving edu-
cation at all levels throughout the country requires
quantitative models able to evaluate the oppor-
tunity costs and benefits of alternative educational
expenditures. It also requires modeling and simu-
lation methods able to assess the external econo-
mies of investment in educationits socioeconomic
contribution which is so difficult to measure in
quantitative terms. Dr. Arnold Heyl at the Office
of Education is now in the planning stages of
developing such a model.

The Bureau of Labor Statistics in its Inter-
agency Growth Study is making valuable inroads
into the difficult problem of unemployment, tech-
nological change, and manpower planning. The
interindustry employment model does take into
account expected changes in technology and labor
productivity, and Dr. Anne Oarter at the Tarvard
Economic Research Center is doing detailed work
on this subject with regard to input-output tables.
However, an understanding of the effects of tech-
nological change on the economy is essential for
effective manpower planning, and there is a great
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need for the development of both theory and ana-
lytical techniques to deal with this issue.

The factor which seems most important in
limiting this development, not only for technologi-
cal issues but for all aspects of economic modeling,
is the unavailability of data. We have already
mentioned this problem with respect to micro-
analytical models, but its existence is felt else-
where, as well. Even the national accounts data
are not wholly adequate for macromodels; they
are available in quarterly and even monthly series,
though with a significant lag, but their coverage is
not complete. There are many processes in the
economy for which very little data are available at
all And thoug;h the development of theory and
the data collection problems are obviously inter-
related, each demands separate attention for both
qualitative and quantitative improvements.

Probably the most outstanding result of a sur-
vey of the state of the art of economic modeling
is the uncovering of significant gaps in our knowl-
edge of, and our methods for clealing with, eco-
nomic phennmena. At the most, we -an ony pro-
ject economic trends on the basis of 13:a0;', informa-
tion and do eur best to apply mathematical and
statistical techniques to improve our analytical
abilities. "Indeed, if an econometric model is
nothing else, it is a highly, sophisticated method
of observing the past operation of the economy and
systematizing the information obtained." 6 Our
conclusion can only reemphasize the need for more
and better research in economic theory, data col-
lection, and economic modeling.

The economic models surveyed have been sup-
ported at an annual funding level of approxi-
mately, $2 million. Assuming that the average
length of time these models have been in progress
is 2 to 3 years and that funding levels during this
period have remained approximately constant,
the economic models surveyed here have cost in
the vicinity of $5 million ; and their total antici-
pated cost is in the vicinity of $10 million.

The majority of these funds are allocated to the
direct labor of professional personnel; as a rough
estimate these models involve the effort of a total
of 150 to 200 professionals. Assuming that this
survey considered at least one-half of the national
effort in economic modeling, it is extremely un-
likely that the total economic modeling effort in
this country costs more than $4 million per year or
directly involves more than 400 professionals.

Suits, Daniel, "Forecasting and Analysis with an Econometric
Model," American Economic Review, vol. 52, March 1962, p. 131.
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6. Social and Political Models

Subjects

The subjects of the 29 social and political models
examined in the survey included coalition forma-
tion (5), political resource allocation (4), inter-
national. conflict (4), social conflict and conform-
ity (4), domestic political conflict (3), informa-
tion flow (4), eduuttion (3), resource flow (3),
voting (2), insurgency (1), and psychological
conflict (2). (Some of the models overlapped
several categories.) Many of the models included
representations of decisionmaking processes (12),
and interpersonal and interorganizational bar-
gaining (8) . Most of the models were descriptive
(20); Of the nine normative models, five were
maximizing and four were of the satisficing type.

Purposes

Most of the models were designed for research
purposes (23), and many of these were alst. m-
tended for teaching (10) . (Very few modre are
intended for teaching nut not also research.) Six
models were intended for structural analysis or for
very specific research objectives. Only five were
intended for planning; only three, for forecasting.
Three were directed toward coordination of di-
verse activities as well as research. Only one was
directed specifically toward alternative policy gen-
eration, although several of those intended for
policy planning could be used for this purpose. It
may be concluded that most social and political
models are being developed for research and teach-
ing purposes, with only a small fraction being di-
rected toward planning and forecasting.

Applications

Most current and planned applications are in
research (15) and teaching/training (14) , but
about one-third (9) are being or may be used for
policy planning.

Potential Government Applications

The potential Government applications men-
tioned were diverse, but "Generation of Policy
Alternatives" received attention by the largest
number (9) , with "Allocation of Resources" (5)
and "Training" (5) second, and with "Psycho-
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logical Warfare" and "Education Policy" third.
Policy decisions on organization design, identifica-
tion. of systems problems, and strategy develop-
ment were also mentioned, each by one or two re-
spondents.

Data Sources

Althongh the data were self-generated in experi-
ments in many cases (16), the U.S. Government
and the universities -were a source of data in 7 and
8 cases, respectively. Foreign governments (4),
State or local governments (3), or international or
private organizations (1 each) sometimes also pro-
vided data.

Data Characteristics

The time periods employed in the data were
primarily variable (9), or years (7), or models
were event-sequenced (that is, used no time pe-
riods) 'S). Few models used weekly time periods
(3), ab.t only one used daily ones. The data's
reliability was assessed as moderate in half the
number of cases (9), while it was considered un-
important in others (9). In. half the models, al-
most all the information in the data base was qual-
itative. The methods used to quantify qualitative
data -were scaling (8), expert judgment (7), re-
duction to probability distributions (5), content
analysis (2), factor analysis (1), or not done (5).
There was a wide variety of responses concerning
the time needed to collect data, in terms of man-
months of effort. The tir -I ranged from 150 man-
months down to less than 1 man-month in a fairly
uniform distribution. Half the respondents (13)
believed y t they could obtain the needed real
world data,' - hile 8 believed it to be very difficult to
obtain. Concerning "what should be done to ob-
tain the needed data" for those who expressed diffi-
culty in obtaining them, two thought there should
be further model development; four favored field
research; and two favored classifying the project.

Simulation of Values

About 80 percent of the models considered at-
tempted to simulate human values, the use of
opinion questionnaires in games being their most

I
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common form. Other techniques include prefer-
ence and ordinal scales, conversion to correspond-
ing policy choices, and value matrixes.

Stochastic Elements

Dependence on stochastic (or probabilistic)
elements ranged from vela; low to very high in
most models, while absent entirely in eight.

Validation

The predominant validation technique was
human judgment, in the form of checks for plausi-
bility (8). Comparisons to the real world were
made more explicitly in six cases. Many model°
were not validaed (9), and of these the designers
of five models felt that validation was not appli-
cable. The results of validation efforts were split
between generally satisfactory replication (8), and
sufficiently unsatisfactory replication of reality to
require at least some redesign (8).

Funding Sources

Two-thirds of the models surveyed (19) were
supported by U.S. Government funds. Of these
19, 10 were supported by agencies of the Depart-
ment of Defense (predominantly ARPA) , 6 by the
National Science Foundation, 2 by National In-
stitutes of Health, and 1 by the Office of Educa-
tion. Of the one-third not sponsored. by the
Government, five were funded by private nonprofit
foundations and five were funded by universities.
Most of the funds were generally spent on
professional labor, rather than on computer
processing.

Costs

Opinion was divided on whether or not funding
was sufficient for maximum progress, with 9 be-
lieving funding sufficient and 14 believing it in-
sufficient. The stated level of funding for
"optimum" progress for individual model pro-
grams ranged from as little as $5,000 per year to
as much as $300,000 per year, with an average and
a median both of about $100,000 per year. The
minimum believed necessary for the survival of
individual programs ranged from $2,000 per year
to $150,000 per year, with an average of about
$30,000 per year. The total anticipated costs per
program ranged from $10,000 to $1,500,000, with
an average cost of $200,000 and a median cost
of about $100,000. (Total costs for individual pro-
grams to date ranged from $2,000 to an estimated
$1 million.)

Duration
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Duration of model development programs
ranged from 1 to 120 months to open, with an
average of about 36 months (3 years) .

Personnel

Numbers of professional staff involved ranged
from 1 to 10, with an average of about 31/2. Most
model teams had three or four members, most of
them part-time on the model project. The most
common skills stated as essential were computer
programers (14) , political scientists (11)2 SOC1G10-
gists (11), theoretical psychologists (8), mforma-
tion scientists (4), mathematicians (3), econ.-
omists (3), philosophers (2), and historians (2) .
They ranged in age from 20 to 50, with from 1 to
30 years of experience. The age and experience
distribution was often bimodal, more modelers
being in their twenties and forties than in their
thirties. This probably results from the typical
"professor and graduate students" modeling
team. The leaders of most groups had doctoral
degrees in the substantive field of their models.

Total National Level of Effort

The social and political models surveyed have
cost a total of about $4 million to date (December
1965) and their anticipated total programs cost
is about $6 million. _Annual expenditures are
running at about $1 million. About 100 profes-
sionals are working on. these models, an average
of half time each.

These numbers give at least an approximation of
the minimum scale of the total national effort in
social and political modeling. The maximum
current level is extremely lmlikely to be more than
double these figures. The survey, while not ex-
haustive, is believed to have covered well over half
the total U.S. social and political model popula-
tion. Thus the probably maximum level of the
current national effort is $2 million per year, and
an anticipated total programs cost of $10 million,
with no more than about 200 professionals
involved.

Social and Political Models: A Qualitative
Summary

The state of the art of social and political model-
ing is already far enough advanced to be con-
sidered seriously as an aid to Government plan-
ning. This qualitative summary is intended
briefly to discuss the ways in which the surveyed
models can be applied to planning functions.
Among the questions which planners ask are :
What will happen if present trends in a given area
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continue? (asked in order to uncover possible un-
desirable patterns) ; what do we want to happen
instead ? (asked to define the goals for desired
outcomes) ; how do we make it happen? (asked
to define the nature of an action program) ; and
how do we make the program acceptable? (asked
to facilitate convertmff the desirable into the
feasible). The models included in the survey
make varying contributions to answer these
questions.

The first set of concerns, those of projecting
present trends, is of least direct concern to the
respondents in the survey. In contrast to the
economic modelmakers, forecasting is of limited
interest to social and political modelmakers. Per-
haps forecasting represents an advancement of the
state of the art beyond that which is widespread
in the social and political disciplines. Forecast-
ing requires either a well-defined theoretical base
to develop a model of processes or a readily
obtainable and manipulable empirical base cover-
ing broad past experience. Social and political
theory has not yet been often married to the 'no-del-
ing technique for the direct purpose of fore-
casting, and empirical data bases have been
manipulated in models too simplified or too re-
mote in purpose to be included in the survey.
There is one exception in the survey, Bolt's model
of the feedback of doctoral candidates to higher
education. This model forecasts in the same sense
as does an economic model. Quite possibly fore-
casting was made easier by the limits placed on
the scope of the model and the readily id.entifiable
unit oi analysis, the Ph. D. degree.

In general, social and political modelmakers
come to their task with immodest demands to deal
with large scale social systems. The very purpose
of modelmg is to help reduce large systems to man-
egeable proportions, but even the more simplified
proportions are sufficiently complex to make
mod.elers shy away from declaring that their re-
search tools are also reliable forecasting tools.

A second reason for the lack of social and polit-
ical models whose avowed purpose is forecasting,
for planning is an artifact of the way social
modelers use the term. Many modelers thought
that their work would be useful for generating
alternative plans because their models use
"if-then" logic. For a given set of "if" state-
ments, a matched set of "then" statements could
be made. This logic is essentially the same as that
of forecasting models, and models that had an
acceptable level of performance could easily be
adapted to forecasting purposes by making the
"if" statements correspond to the starting condi-
tions of the forecast.

At present, most models in our survey have
research and teaching purposes and are not di-
rected toward forecasting as an aid to planners.
This deficit in. application is in part a limit of the

state of the art. If the modelers themselves do
not feel comfortable making predictions, then they
are prob Ey good judges of their own limits.
However, the state of the art is within reasonable
distance of forecasting attempts, and encourage-
ment of the art might well result in improved
pArfnrm n pa

The planner is also faced with the question of
identifying goals to define directives for planning.
In this area there has been much debate about
whether human values are subject to quantification
and the cold calculation of an electronic device.
The survey has uncovered a number of ways in
which simulations of values may be done. While
some of these means may be still imperfect, at
least we can now debate in concrete terms about
specific shortcomings which must be overcome.

The quantification of values was achieved in an
operational context in Duke's METROPOLIS.
This game places the student in significant com-
munity, roles, requiring decisions on major public
or private investments which influence urban.
growth. The emphasis is on capital improve-
ments, the effect of sociopolitical issues, player
interaction linkages, and timing of events; all
players are provided with factual background
data. Within the framework of this "environ-
ment for learning," all value judgments must be
made by the player himself. A. second generation
version (M. E. T. R. 0.) is designed as a plan-
effectuation instrument. Using an abstracted en-
vironment and employing a reduction of time span
and dynamic interplay of current decisions with
fixed policies, this man-machine simulation is in-
tended to generate growth patterns resulting from
alternative decision chains b c the players, and
enable their comparison wiA planned growth
patterns.

Several models place values in a quantitative
form, just as verbal descriptions do when they sayt4more" or "less" desirable. For example, the
TEMPER model expresses national values on
numerical scales and the differences in values from
one nation to another are expressed relative to each
other. A human puts these data in. the machine;
subsequently he can change his estimate and
change the machine's data. .A panel of judges or
an opinion survey can, and have been used to set
these judgments into the machine. Where the
values cannot easily be calculated, human judg-
ment can at least be expressed quantitatively and
simulations can thereby replicate the judgments
of the real world.

At present, the state of the art includes the use
of human values in defining goals for planning.
This inclusion is usually on the basis of a trans-
position or translation of human judgments
expressed in machine language. No modeler sug-
gests that these values are fixed. The games and
simulations that deal with preferences have values
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placed in such a way that they can be altered sub-
ject to the desires of the players. The important
feature is that these preferences are able to be
included in some fashion and the planning func-
tion is aided by their presence.

The greatest interaction potential between
planner and. modeler comes when both parties ad-
dress themselves to the action questions of making
events happen. In the cases of heuristic models,
training is seen as a way of increasing a man's
competence to make the proper decisions in plan-
ning. The training arises from the application
of games and simulations to real world problems
and the learning from vicarious experience the
application gives to the players. The overwhelm-
ing number of models incorporate this training
potential to help men become more effective actors.
In these cases, the interaction of man with game
is the intermediate step to effective action. These
models do not give direct answers to planners, still
relying Oh che calculations of a human performer.

However, these training models also have re-
search purposes and the research is used to gener-
ate propositions which may have a more direct
applicability. Thus, the wicHy used Internation
Simulation has uncovered patterns of political
decisionmaking behavior, and these patterns are
being examined for validity in the historical and
theoretical materials. No doubt there will always
be problems of validation of game behavior, just
as there is difficulty in verifying one historian's or
analyst's account of events. The limit of valida-
tion applies to the states of many arts, and social
and political modeling is no exception.

Some models have less difficulty in verifying
their results. In areas where there is quick and
unambiguous feedback, as in predicting the out-
come of elections and comparing the model's re-
sults with the actual results, validation comes more
readily. The Pool, Abelson, Popkin simulation
of the 1960 and 1964 elections is a good example.
One may still be right for the wrong reasons, but
careful checking can alleviate some of these
problems.

While most models rely on testing the outcomes

1

of modeling against the broad test of plausibility,
several of the models examined used more detailed
tests by placing sensitivity tests on the variables
in their model. Kaplan's model of international
affairs tests propositions about the balance of
power and places checks on the interacting vari-
ables to determine the key factors. The Duke
model uses past statistics of a case study of a real
city to set its test of merit. Usually some range
of outcomes is prespecified by modelers and. the
narrowness and accuracy of that range are a func-
tion of the subject matter at hand.

Social-political modeling deals with statements
about prior conditions leading to a specified out-
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come. One of the significant limits of the state
of the art is in validation. The uncertainty here,
however, is probably not any less than found in
the verbal statements of planners. Models can
only be as good as the knowledge of these plan-
ners and researchers, but the models do provide
a format for improving tests of validity and rigor-
ous analysis.

The last major area of contact of our survey
with the problems of planning is in the area of
making a program acceptable. The subject matter
of the greatest number of models has to do with
group conflict and other forms of human inter-
action. As might be expected of social-ipolitical
modelers, their interest is in the pattern f human
relationships under different conclitions groups
performing tasks and working for gain. Success-
ful implementation of plans requires knowledge
of likely receptivity to sach plans and of the best
way to cast them in order to induce people to work
for them. Models such as Kramer's resource al-
location models for campaigning and Coleman's
model of community conflict are applicable in
their style, if not in their subject matter, as aids
to relating plans to public support. There are
many games of coalition formation which exer-
cise capabilities for building support for projects.
In these areas the state of the art of social-political
modeling has become *quite advanced. At a mini-
mum, participation in gaming and simulation
makes one sensitive to the factors involved in com-
munity acceptance of plans. The maximum to be
desired would be. specific and concrete policy rec-
ommendations. The state of 11-e art has not often
reached this level. There is much uniqueness in
human relations and the general statements of
modelers may yet still be too general to fit specific
cases at the level of detail desired by planners.
However, there are still ways of applying these
general statements in the concrete cases where
planners must make the final assessment them-
selves. Models do not replace field experience;
they are designed to augment it where they can
and to train the man in the field to be sensitive to
general factors which his specific or limited
experience may not include.

In sum, the survey of the state of the art has
uncovered a number of models which deal both
in substance and method with some of the critical
13roblems of planners. The state of the art is not
far enough advanced, and it probably never will
be far enough advanced, to qualify as the sole
undisputed. technique for planners. However, it
is quite clearly in a growth phase. This phase is
now heavily focused on research. The research is
close to payoff in some areas of complex human
interaction and is in need of more work in other
areas of specific application to social problems of
immediate concern to planners.



7. Computer Simulations

Once a model has been developed, it is desirable
to compare its performance with reality to de-
termine how closely the model describes the reality.
To accomplish this, the model is exercised or
"cycled," and its output is termed a simulation of
the reality.

As models inf.,rease in complexity., manual simu-
lation becomes more arduous and time-consuming.
To facilitate simulation of complex models, high
speed computers are frequently employed. Such
simulation is especially effective when the model
is expressed in explicit quantitative or logical re-
lationships. This section of the report is con-
cerned with answering two questions regarding
computer simulations :

What models are simulated with computers?
What are the characteristics of these simula-

tions?

Models Simulated on Computers

As previously mentioned, computer simulation
is most appropriate when the model processes are
complex (especially those involving large quan-
tities of data) , and can be explicitly stated in a
set of quantitative or logical relationships. Eco-
nomic models almost invariably satisfy these re-
quirements. The survey findings confirm the fact
that nearly all of the economic models considered
either now have, or will have, computer
simulations.

The situation with social and political models,
however, is significantly different by virtue of the
processes which such models attempt to describe.
These models, although they may be equally com-
plex, sometimes lack the explicit quantitative or
logical relationships for which computer simula-
tion is most appropriate. As a result, social and
political models are often simulated initially in
the form of a game (see section 8). The manual
game is sometimes used to identify quantitative
and logical relationships which may have been
obscure. Once the manual simulation has achieved
this goal, the processes modeled may be more
readily quantified, permitting later simulation by
computer. The survey shows that such two-stage
development of social and political models is not
unusual. Of the 11 social and political models
which have computer simulations, 5 also have
manual simulations.
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Characteristics of Computer Simulations of
Social, Political, and Economic Models

Computer simulation of social, political, and
economic models is usually done on general-pur-
pose, high-speed digital computers (e.g., IBM
7094 and. CDC 1604). Thee machines provide
sufficient storage space for both computer pro-
grams (which specify the quantitative and logical
mterrelationships of the model) and model data
base (values of the model variables).

Since such computers calculate at extremely
high speeds and have rapid access to the model
data base, computer simulations of extremely com-
plex systems take a relatively small amount of
time. (A typical model of the U.S. economy re-
quires approximately 5 minutes to simulate a year
of real-world time, broken into four 3-month in-
tervals.) The actual time required for a compu-
ter to complete a model cycle is, of course, de-
pendent on the scope and degree of detail of 3:11.e
model and the efficiency of the programing.

Anothe3: important characteristic of computer
simulation is the computer programing language
employed. In actual operation the computer re-
sponds to numerically coded instructions, de-
scribed as machine language. In recent years,
however, computer software development has ad-
vanced at such a rapid rate that a wide variety of
automatic programing languages (FORTRAN,
ALGOL, JOVIAL, IPL, SNOBOL, etc.) may be
used in preparing computer simulation programs.
These languages are then automatically converted
into appropriate machine language. Such soft-
ware developments permit substantive experts to
function effectively in the computer simulation
aspects of model development.

In addition to automatic programing languages,
there are also available a variety of simulation lan-
guages (e.g., SIMSCRIPT, DYNAMO, CSL,
SOL). These languages were developed with the
intention of providing general purpose vehicles to
be used in developing computer simulations. To
date they have not been employed to a very wide
extent. It appears that each simulation group
prefers to develop its own "general purpose" simu-
lation language providing specialized features
which the group considers to be especially im-
portant.
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The information on computers, programing lan-
guages, and storage requirements is summarized
in table 8.

TABLE 8. SUMMARY OF COMPUTER SIMULATION CHARAC-
TERISTICS

Model type:

Number of mod els

Eco-
nomic

So-
cial
and

polit-
ical

Have or will have computer simulation 25 17
Computer used: I

IBM 704 5
IBM 7090
IBM 7094

8
a

8
2

CDC 1604 2 1

CDC 3600 3
Phi leo 2000 4
Other 1 10

Programing language used:
Algebraic:

FORTRAN 21 a
ALGOL 4
Other (MAD, JOVIAL, AUT OC ODER, etc. 2 4

List processing:
LISP, SLIP, etc a

Computer storage requirements:
Under 5,030 locations 4
5,000-9,999 2 2
10,000-29,999 8 3
30,000-49,999 10 4
50,000+ _ 4 2

I Several models have been simulated on more than one computer, so totals
may not match.



8. Manual Simulations Human Player Games

As mentioned in section 7, social, political, and
economic models may be simulated "manually,"
that is, by human players or by "hand" rather than
by machme. Such simulations are often referred
to as games ; when a simulation involves a com-
bination of manual and computer features, it is
often referred to as a man-machine game.7 The
majority of the games considered, in the survey
concern aspects of the social and political sciences
rather than economics, since hard quantitative
data of the type needed for computer simulation
are often not available in the first two fields. (Of
the 28 economic models, only 2 are manual simu-
lations, and 3 are man-machine games; whereas 10
of the 29 social-political models are manual games
and 5 are man-machine games.)

The survey findings indicate that most games
can accommodate a variable number of players.
Limits on the allowed number.- of players vary
from 2 to 200, with 5 of the models having upper
limits of 30 or above, and 4 having minimum levels
of 10.

The player roles range from bargainers 8 (pres-
ent in 3 models), planners (present in 2 models),
representative legislators (2), investigAors,9 Do-
lice2 press, planners, politicians, heads of state,
decisionmakers, government - insurgent - village
groups, etc. These roles are often hypothetical
(8 games), but sometimes are historical (2
games), and in 1 game the player assumes his
real-world role. Most models are dependent on
player personality to varying degrees : "Highly"
(4 models), "sometimes very" (2) , and "quite" (2).

1 Until recently computer systems technology could not efficient-
ly accommodate man-machine games. With the advent of time-
shared computer systems, such games will find increasing appli-
cation in model development and simulation.

*Bargai ling usually also included decisionmaking.
9 The first four roles in this list were reprcsented in more than

one model.
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The credibility of the player roles is considered
to be "very high" for 6 games, "high" for 3 games,
and "mod.erately high" for 2 games.

The average length of a game varies consider-
ably, with seven games taking 1 to 3 hours, one
requiring a full day, and tur requiring consider-
ably longer periods of time (e.g., one semester).
Those games which are conducted over such pro-
tracted periods are not run continuously. In-
stead they are broken into segments of 2 to 4 hours
and are conducted on frequent (usually weekly)
intervals. Most of the games are composed of
standard move cycles, usually approximatelv 20
move cycles per game. The majority (7) d the
games require some degree of role-playing as well
as scenarios (7).

Most games Lre nonzero sum, that is, complex
mixtures of competitive and cooperative behavior.
In several (7) games there are individual winners,
while in a few (4) there are both team and in-
dividual winners. In approximately 50 percent of
these games however, the individuals and the
teams have different win criteria. These criteria
also vary from model to model. In some (2)
games the goal is to maximize money returns, in
some (2) to maximize satisfaction points, in still
others the goal is maximization of prestige,
power, etc.

Most of these games have been developed for
both research and/or education, and investigate a
variety of hypotheses. The games exercise experi-
mentally various hypotheses; for example, on the
effect of saliency and effect upon information
processing, global consequenc of major policy,
relevant variables of prerevolution, community
macroeconomic interactions, local political election
coalition building, and personal career choices in
an education system.



9. Staff, Time, and Money Requirements

This section is concerned with answering four
questions regarding the models and simulations
considered in this study. These questions are:

1. Who is doing the work (groups, disciplines, educa-
tion, experience) ?

2. Who is supporting the work (Government, non-
profit organizations, private industry) ?

3. What is the magnitude of the work (level of effort,
duration) ?

4. How close to completion is the work (availability) ?

Who Is Doing the Work?

In answering this question, it is worthwhile to
distinguish between the organizations working in
this field and the individuals within these orga-
nizations who are actually performing the work.

Organizations. The results of the study indicate
that there are four major groups conducting sig-
nifimnt and relevant modeling and simulation
activities in the social, political, and economic
fields (see table 9) :

Academic groups, including universities and
their associated research institutes.

Other nonprofit organizations.
Government.
Private industry.

TABLE 9. GROUPS CONDUCTING MODELING AND SIMULATION
WORK

Humber of models developed by group

20

15

10

5

0

ElEconomic

CI Social-political

Academic Nonprofit Government Private industry

individuals. All of the models considered are
being developed under the direction of substantive
experts, that is, primarily economists, sociologists,
or i)olitical scientists. These individuals are, in
addition, familiar enough with computer systems
requirements to take charge of the modeling and
simulation efforts.

It is interesting to note that although computers
play a major if not indispensable role, computer
systems specialists seldom pla a major role. This
is in part a reflection on th state of the art of
computer software development and model-maker
sophistication.

It should not be inferred from this that all sub-
stantive experts in the social sciences can step
into model and simulation building roles with
little or no difficulty. Rather it highlights one of
the primary prerequisites of those who are to fill
such roles. They must have an appreciation of the
interrelations of the various elements which com-
prise their systems ; and they must be capable of
expressing these interrelationships in explicit, pre-
cise terminology to permit computer programing.

This requirement is in large part responsible for
the present state of the art of models and simula-
tions in the social, political, and economic fields.
The emphas: which economics has placed on
quantitative explanation of economic realities has
greatly facilitated the development and integra-
tion of models in this field. (This, in turn, is
related to the availability of data essential to the
development and validation of economic models.)
Unfortunately, the social and political sciences are
much less advanced in the level and extent of their
quantitative analyses, as well as the availability
of prerequisite data. As a result, most of the
economic models now being developed very seldom
touch upon the social or political aspects of the
real world -which they attempt to describe.

Who Is Supporting the Work?

The modeling and simulation work considered
in this survey receives its principal financial sup-
port from two sources :1° the Federal Government
and the major nonprofit organizations. Often

10 Private industry also supports some of this work. This sup-
port, however, is much smaller and is oriented primarily toward
improved planning and control of company operations, or toward
development of models for future sa,u to the Government.
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both sources support work on the same model.
(See table 10.)

TABLE 10. CROUPS SUPPORTING MODELING AND SIMULATION
WORK

Number oF models receiving support

15

10

5

Governmei..

711

Nonprofit

13 Economic

1 Social-political

Federal Government. There are two essentially
different types of financial support provided by
the Federal Government. First, there is support
for those activities being conducted by the Federal
Government itself in several of its departments
and agencies. Second, there is support for those
activities being conducted by ind.ependent orga-
nizations (academic, nonprofit, and private
industry) through the support of such Govern-
ment groups as die National Scienc3 Foundation,
the A.gency for International Development, and
regional Cvernment groups.

The support provided by the Federal Govern-
ment through both of these chaimels is substantial
with respect to oth the number of dollars
allocated and the number of models benefiting (see
table 11).

TABLE 11. GROUPS SUPPORTING MODELING AND SIMULATION
WORK

Millions of dollars allocated
(actual and anticipated) to modeling

$10
0 Economic

El Social-political

Government Nonprofit

Major Nonprofit Organizations. Several of the
major model and simulation efforts receive sub-
stantial support from a small number of non-
profit organizations, principally the Brookings
Institution, Carnegie Foundation, Ford Founda-
tion, and Rockefeller Foundation. In most cases,
these efforts also receive support from the Federal
Government.

Usually both sources provide simultaneous
support; occasionally, however, support is pro-
vided by only one source at a time.

What Is the Magnitude of the Work?

The magnitude of the modeling and simulation
efforts considered in this survey connotes the
interrelated factors of manpower, time, and money

Manpower. The survey indicates that most
modeling efforts are being conducted by smal
groups. Among academic groups, there are sel
dom more than six major contributors, with addi-
tional support provided (to the extent required)
by graduate students. The nonprofit, Govern-
ment, and private industry modeling groups are
slightly larger but seldom number more than 10
(see table 12).

TABLE 12. SIZE OF MODEL AND SnitrualoN GROUPS
Number of models developt-I
by size of development group

15

10

El
Ec ,nomic

E:1 Social.pOlitical

n
1-3 4-6 7-10

Group size

171
11-15 15+

There is one aspect of this subject which de-
serves special comment. In several modeling
efforts, considerable assistance is provided by con-
sultants who are substantive experts in highly
specialized areas. Notably, in one major model
(Brookings-SSRC) the major development was
accomplished through the combined efforts of a
large number (20 to 30) of consultants devoting
several weeks at a time m a modeling team effort.
To be effective such efforts require that special
attention be devoted to good communication
among contributors. Only in this way will every-
one understand precisely what he is expected to
iprovide and what will be provided to him. Such
large team modeling and simulation efforts require
that special emphasis be placed on full communi-
cations regarding explicit defmition of input and
output for each segment of the model, as well as
complete agreement and understanding regarding
the interpretation of the variables used in the
model.

Perhaps this severe communications require-
ment is one reason why modeling groups generally
remain small in numbers. Funding limitations
and availability of qualifial personnel may, of
course, be equally important.

Time. The number of calendar years required to
build a complete model or simulation is another
measure of magnitude. Since this survey was
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concerned with large scale models, it was expected
that at least 2 years would be required to construct
such models (see table 13).

TABLE 13. TIME REQUIRED TO BUILD MAJOR MODELS

Number of models developed

10 E. Econo mic

El, Social-political

o- 4-6
Yeats

7-9 10+

Money. The third element considered in evaluat,
ing the magnitude of modeling efforts was the
total dollars required to build a model or simula-
tion. This information was not always readily

ailable ; usually only rough estimates were pro-
vided. As would be expected, the .",otal cost is
closely correlated with the total time required to
build the model, and with the size of the group
conducting the work. Model development cost
generally varies from $25,000 to $2.5 million.
The distributions are show in table 14.

TABLE 14. DOLLARS IN THOUSANDS REQUIRED TO BUILD
MAJOR MODELS

Number of models deve!oped

10

5

0 L

E:1 Economic

Socialpoliticof

SO-550 551-5100 5101-5200 $201-4500 IsOo+

Interpretation of Magnitudes. Considerations of
model magnitudeespecially time and money
may lead one to conclude that at some future date
no more time or money will be devoti3d to a given
model. Such a conclusion would be erroneous.
Many models will continue to be involved in future
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studies. As additional knowledge is gained, these
models may require appropriate modification.
Therefore, there is no clear-cut termination to
most of this work. The total time and money
requimd to build these models should be inter-
terpreted as the minimum required to achieve a
major level of completion.

How Close to Completion Ts tho Wnrk?

The applicability of these modeling efforts is
related, of course, directly to their degrees of
completion. The majority of the modeling efforts
considered in this survey have been in progress for
at least 2 years. Bearing in mind, th.e comments
in the preceding paragraph, several of these
models will be complete within the next 2 years.
The survey findings on this question are shown
in table 15.

TABLE 15. MODEL COMPLETION DATES

Number of models scheduled for completioni - ClEconomic

ElsoCipt-political

1965-66 1967-68 1969-70 1971-72

7 should be cautioned that thes- onstimates are
those of the model project leaders, and may reflect
their own time horizons. Also, increases or de-
creases in funding could reduce or increase the
time required for completion. Finally, "comple-
tion" is only a relative term, indicating some point
in time when the model is accomplishing much of
its major purpose. To paraphrase Hemingway's
remark about writing novels, one doesn't finish a
model, one abandons it.



10. Conclusions and Recommendations

Evaluation Criteria

Modeling and simulation are scientific means of
theorizing about, explaining, experimenting with,
and observing complex processes that are imprac-
tical to experiment with in full-scale reality. As
such, the state of the art of modeling may be as-
sessed according to:

How faithfully the processes of interest are
represented ( VALIDITY) ;

How comprehensively the processes of in-
terest are represented (COVERAGE) ;

How clearly and understandably the _proc-
esses of interest are represented (CIDM-
PREHENSIBILITY) ;

How readily the processes of interest may be
experimentally manipulated under varying
conditions and assumptions to answer
specific questions (EXPERIMENTAL
UTILITY) ;

How relevant the moeel i to the understand-
ing and control of the processes of interest
modeled (APPLICABILITY).

In this survey, we have been concerned with the
applicability of social, political, and economic
modeling to public policy planning. We have
sought models with enough experimental utility
to be useful tools for public policy decisiomnak-
ing, by aiding Government decisionmakers in the
plannmg, prediction, control, and evaluation of
alternative program. We have sought models
which rendered the complex interactions of large-
scale socioeconomic processes and programs more
comprehensible, so that decisions concerning them
can be made more rationally and convincingly by
generalises as well as by specialists. If a decision-
maker cannot comprehend the logic of a model, he
is unlikely to have enough confidence in it to use
it. Models were sought with enough coverage of
the relevant problem areas to identify relation-
ships among interacting aspects. Fmally, the
question of validity was investigated to determine
how reliably and how precisely the models repre-
sented the reality of problem areas relevant to
public policy decisions.

This section will attempt to evaluate the state of
the art on the basis of the above five criteria. It
will also attempt to answer the following questions
of applicability :
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Are modeling and simulation useful to public
policy planning and decisionmaking

What are the capabilities and limitations of
the current state of the art with respect to
Government applications ?

Where in Government can current modeling
activities be best applied ?

What can be done by Government to improve
the modeling art in those areas where po-
tential applications exceed current capabili-
ties?

Applicability

Applicability is both current and potential.
Current applications indicate conservatively the
minimum possible applications. Current applica-
tions of economic models to public policy planning
include national income and employment fore-
casting, regional industrial and population fore-
casting, water use and transportation planning,
and urban land use forecasting and planning.

The most highly developed economic modeling
art is at the national level, in response to the avail-
ability of national-level economic data, and the
encouragement of national economic analysis by
Government legislators and executives. The socio-
economic crisis of the depression in the 1930's led
to the Government's establishment of national in-
come accounts data collection, which encouraged,
primarily, macroeconomic analysis and economic
modeling on a national aggregate scale. Thus the
Government's decisions of several decades ago
about the type of data to be collected, made on the
basis of its own awareness of its information needs
for responding to the depression, have determined
the scope and direction for a large part of U.S.
economic theory developed since.

The tremendous influence of data availability
on the state of the art of economic theory (and
modeling as an expression of theory) is most im-
portant today. A decisive period of social change
is again occurring in American history. The
drive for social equality by disadvantaged racial
and socioeconomic groups is being responded to by
massive Government programs in welfare and edu-
cation. The integration crises and antipoverty
programs of the 1960's bear some resemblance to
the unemployment crises and welfare programs of
the 1930's. (See table 16.) Once again the Fed-
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eral Government finds itself short of the necessary
information for making effective decisions con-
cemkg these massive socioeconomic policy re-
sponses to large scale socioeconomic change. Once
again, means are sought to collect this information,
and once again, the means chosen will influence de-
cisively the entire development of social science for
the next generation.

The economic data collected and disseminated
by the Federal Government today, and the eco-
nomic models that use them, are an at least par-
tially successful and highly relevant response to
the economic problems of the 1930's. Unfortu-
nately, the currently available economic data and
economic models are not wholly applicable to cur-
rently pressing problems of socioeconomic change.
Aggregated national edonomic and census statis-
tics say nothing about j3ockets of poverty, de-
pressed communities, sicx industries, or deprived
social groups. These are averaged out, and so
long as the averages appear favorable, there is no
indication of, or data on, regional or local prob-
lems. To make economic modeling more appli-
cable to the pressincr problems of poverty, social
change, and social A inflictand to make t more
effective on even the national aggregate level
regional and local microeconomic models must be
developed. Essential to the development of such
regional and local microeconomic models are de-
tailed, disaggregated sociai and economic data on
a local and longitudinal 11- basis.

Until economic models (and the data which sup-
port them) are available for regions and localities,
as well as for the Nation as a whole, many of the
most important public policy problems will con-
tinue to be unsolved. Technological change and
industrial and labor dislocations, regional trans-
portation regional depressions, local socioeco-
nomic conflicts, urban housing, land reclamation,
and education system inadequacies are only a few
examples of economic problems to which the
majority of the current microeconomic models are
not applicable.

A hopeful sign that this "applicability gap" in
economic modeling is being corrected is a small
number of recent attempts to model specialized
aspects of regional and urban economies. The
Ohio River Basin and Pittsburgh studies are ex-
amples. Regional and urban economic modeling
appears to be the fastest growing element in the
current economic modeling art. The major limi-
tation on more rapid and pervasive development
is the unavailability, of economic data on a re-
gional and metropolitan area basis.

The applicability of social and political models
to current public policy problems is quite different
from that of Peonomic models, both quantitatively

11 "Longitudinal" is a term used to describe information about
changes over time of the same individuals in a population, as con-
trasted with aggregated time series such as the U.S. Census, in
which only changes in total populations are given.

and qualitatively. None of the surveyed social
and political models are currently being applied
directly to Federal domestic programs. Few of
the social and political models currently in devel-
opment are likely to fmd direct application to
Federal public policy plaiming when completed,
due to tb.e local or small group scope of most of
them, or to the unknown reliability of correspond-
ence to reality in the few models of national
scope. The "applicability gap" in social and
political modeling is in part the converse of that
for economic mod.eling. The substantive focus of
most of the social and political models is on the
microstructure of bargaining and decisionmaking
behavior of individuals or small groups. Where
national-level processes are modeled, they incur
at best the "black box" limitations of aggregation
of the macroeconomic models, or the unceitain
validity of human player games (which are
wonderfully educational for the players, but of
quite unproven predictive value about the events
sinralated).

Yet, many of the current social and political
models deal with processes that must be better
understood for effective public policy planning
and evaluation. National resources cannot be
allocated efficiently among competing Government
programs unless their relative cost-effectiveness
can be forecast or measured, and effectiveness can
only be measured in terms of detailed social, polit-
ical and economic effects on human beings. Thus
the better understanding of such sociopolitical
processes as individual belief systems education
system recruitment, group conformiti, distorted

iperceptions, career choices, nterpersonal bargain-
mg and communications local political coalition
building, and organizadonal growth, by socio-
political micromodels of the types here surveyed is
essential to the systematic evaluation of phblic
policy programs.

The mismatch between the primarily national-
level macroeconomic models and the primarily
local or small group microsociopolitical models in-
hibits the d.evelopment of integrated social-
political-economic models at consistent local,
regional, and national levels of aggregation. It
is such interdisciplinary modeling that is required
for estimating and experimentally testing by
model simulation the "across-the-board" effects
of alternative public policies. A hopeful indica-
tion of an increasing awareness of this problem is
the incorporation of some social variables in the
more advanced regional and urban economic
models, and an increasing use of economic vari-
ables and economic theories 12 in social and politi-
cal models. This convergence on lAterdisciplinary
methods may have been accelerated by the trend

12 See for example, the "exchange" theory of social behavior
iwhich s essentially an economic conceptual model expounded

by the sociologist George C. Homans in his Social Behavsor, Har-
court, Brace & World, New York, 1961.
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toward "modeling by committee" found in some
large-scale computer model simulation programs.

Experimental Utility

Models should make :,Iossible the experimental
manipulation of social, political, and economic
processes of interest for the purpose of answering
specific questions about the tffects of specific pub-
lic programs and policies. The more varied the
experimental manipulability of models, the
greater their experimental utility in replacing
impractical or too costly real world experimenta-
tion with rolicies. The ideal model of a complex
process, from the aspect of experimental utility,
is one that replicates all the essential structural
and decisionmakng elements of the real world
process modeled. Thus an ideal model for ex-
periment, observation, and theory building is
transparent, in the sense of its structure being both
highly relevant to its purpose and being observable
in action.

The worst kind of model for experimental theory
building purposesworst but not necessarily
uselessis the so-called "black box" modeL A_
black box model is so named because its internal
operations cannot be observed, or even if they can_,
they are not intended to replicate the detailed
structure of the process modeled. A mathemati-
cal expression relating several highly aggregated
economic variables such as GNP, national unem-
ployment, and consumption on the basis of the
correlation of the results with actual historical
experience is an exam.ple of a "black box" model.
A correspondence exists only between the black
box model's inputs and outputs, and the modeled
reality's starting and ending conditions, not be-
tween model decision structure and reality's de-
cision structure. Such "black box" models are
useful in short-term forecasts of complex processes
for which historical statistics are available, pro-
vided that no significant structural changes occur
in the real world.processes.

Most economic models are macroeconomic,
"black-box" models. This is in part the result of
the complexity of the nationalprocesses modeled
defying detailed structural (microeconomic) rep-
lication. A contributing factor is the implicit
and reasonable assumption that macroeconomic
processes on a national scale are fairly stable struc-
tures. If the structure does not change much,
then its operating characteristics may be repre-
sented in aggregated, simplified mathematical
forms corresponding to statistically determined
relationships.

The emphasis often placed on the prediction
rather than on the comprehension of macro-
economic phenomena has also contributed to the
almost total preponderance of "black bor." eco-
nomic models. The decisiomnaker recruiting the
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aid of the professional economist is usually more
interested in results than in methods.

Unfortunately, macroeconomic "black box"
models do not have much experimental utility in
the analysis of the social and political effects of
economic changes. There is almost no quantita-
tive historical data on the relationships among
social, political, and economic changes, so that sta-
tistical models cannot be developed. Social and
political behavior is often of a microstructural
naturethat is, inexplicable on an aggregated
basisso that it cannot be integrated into aggre-
gated macroeconomic models. Even for purely
economic predictions, the discontinuities intro-
duced by large-scale technological and social
changes limit reliable forecasting to a few years
ahead. (perhaps 5). Microeconomic models of
the national economy, on the other hand, might in-
tegrate social, political, and technological factors
and thus be capable of longer term forecasting, as
well as being capable of more detailed forecasts
of socioeconomic interactions.

Many social and political models are "trans-
parent," attempting to replicate at least in part the
mternal microstructure and behavior of the inter-
personal processe.s simulated. The complexity of
human interactions, however, severely limits the
scope of such microstructural models, given the
usual time and effort constraints on feasible model
complexity. More structural detail is bought at
the cost of substantive scope, given a model com-
plexity relatively fixed by resources or simulation
technology.

The metropolitan and regional economic models
possibly offer the most promising design compro-
mise between "black box" aggregation models with
their dependence on statistical data and resistance
to cross-disciplinary problems, and transparent
microstructural models with their very modest
substantive scope. Metropolitan and regional
socioeconomic models promise the most experi-
mental utility, both because it is believed feasible
to design them in "transparent" microstructural
form smce socioeconomic interactions are clearly
visible at this level, and because at least partial
validation by real-world experimentation seems
still possible on this scale. (The unavailability of
regional and metropolitan-level economic data will
continue to limit such efforts, because "natural"
boundaries are difficult to define at any level below
that of the Nation.)

Comprehensibility

Models must be understandable by generalists
as well as by specialists. Government decision-
makers, who are more often generalists than spe-
cialists, are unlikely to trust models enough to use
them as aids to decisionmaking unless they can
understand them. Thus, model simplicity is very
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relevant to the chances of a model's being actually
used, and must be traded off against the complex-
ity necessary to replicate the essentials of the
processes of interest.

The "black box" macromodels have some aspects
of the desired simplicity in the sense that the types
of statistical relationships on which they depend
may be rapidly explained. On the other hand, the
significance of the statistics on which such models
are based is a much more complex matter, and is
not easily explained (even among specialists). In
contrast, the micromodels with their transparent
structure are, for a comparable substantive scope,
much more logically complex. They incorporate
many more theoretical assumptions about detailed
relationships, and require a great deal of study to
understand. However, once understood, if the
microstructure seems convincing, there can be an
end to doubt by the model user. With "black box"
macromodels, the user's confidence is a function
of his faith in the structural stability of the proc-
esses modeled, and the completeness, accuracy, and
relevance of the statistical data used.

Coverage

The coverage of subjects relevant to public pol-
icy planning and decisionmaking is impressive
among economic models, no doubt because many
such models have been specifically intended to be
policymaking aids. There is apparently much
agreement among economists about what the most
significant variables are, sir ce these variables are
common to most economic models, with variations
chiefly in the scope and aggregation of the data.
The most common economic subjectsand model
variables--are those of classical economics: Pro-
duction, investment, income, consumption, and
employment.

Perhaps because sociology, social psychology,
and political science are less well defined disci-
plines than economics, social and political models
cover a much more diverse group of subjects.
However, compared. to the number and diversity
of sociopolitical subjects relevant to public policy,
the coverage of social and political models is
rather scant and scattered. The logic of the social
End political models is usually concerned with
human perceptions, communications, bargaining,
decisionmaking, or combinations of these.

Validity

Model validity is not used here in. the general
sense of model "quality." The survey has made
no attempt to assess the "quality" of individual
models, whatever that term may mean, although
types of models have been evaluated in terms of
the above five criteria. Any evaluation of indi-

vidual model quality, to be fair and do the de-
signers justice, requires much more study of the
individual models than a survey of some 60 models
in 60 days could possibly accomplish.

The survey has been concerned with how the
model designers deal with the problem of validity,
and what model validation they have achieved
according to their own estimate& Validity is con-
sidered to be essentially the degree of model cor-
respondence to the reality modeled. The economic
models are considerably ahead of the social and
political models in validation, probably reflecting
the greater maturity of economics as a formal dis-
cipline with ith greater agreement on terms, and
the much greater availability of quantitative data.
The validation of economic models is accomplished
in most cases by quantitative comparisons of model
beha,vior and historical real world behavior. The
validation of social and political models is more
often a matter of judgment' concerning plausi-
bility, except where quantitative models (such as
those predicting voting behavior) permit quanti-
tative comparisons.

Models are always at least partly the expressions
of the designers' point of view. Thus the econ-
omists who design economic models tend to apply
economic criteria to the validation of economic
models: Parsimony, accuracy, and stability. The
sociologists, social psychologists, and political sci-
entists who design social and political models are
concerned more with human attitudes and social
relations than with large quantities of commodi-
ties. They deal with a more complex and still
largely qualitative set of variables; thus they tend
to judge model validity more on the criterion of
richness of insight into the processes modeled.
They tend to evaluate their models more on the
basis d what they learn from them than on the
basis of accuracy of prediction. This seems rea-
sonable enough, since understanding is usually
required before prediction can be scientifically
achieved.

Since certain models are like basic research, a
way in which some researchers talk to themselves
seeing explicitly what they say, asking them-
selves and answering themselves their own ques-
tions, it seems hardly surprising that many of the
model designers tend to find their models valid.

Objective validation requires widely accepted
standards. These are emerging but will require
many more years to be accepted unless specifi-
cally directed efforts are made to assess and apply
models on the basis of specific criteria. Measures
of modeling effectiveness, including both realism.
and heuristic criteria should be developed, which
treat models as scientific instruments for the ex-
planation, observation, measurement, prediction,
and control of complex social, political, and eco-
nomic processes.
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Are Modeling and Simulation 'Useful to Public
Policy Planning and Decisionmaking?

The survey suggests answering a qualified "yes"
to this question. Models have already been ex-
tremely useful to military planners concerned with
complex and large-scale systems interaction proc-
esses involving military, economic, technological,
and political factors. There is no reason why the
same modeling techniques cannot be equally useful
to domestic public policy planning and decision-
making. There is no other scientific way of ana-
lyzing the relative costs and effects of complex
Government programs operating in complex socio-
economic environments.

The qualifications that must be made concern
the reality of the current state of the modeling art
operating within the current skill and funding
constraints. Only a few economic models and a
very few political models have demonstrated pre-
dictive capabilities, and these are of a short-term
nature (about 1 year). The state of the modeling
art and its supportive data bases is not such that
any great confidence can yet be placed in long-
term prediction capabilities. Most model d.e-
signers agree that more skilled professionals, bet-
ter data, and more time and money can improve
significantly the predictions capability of social,
political, and economic models. No one will ever
lind out whether they are right or wrong unless
the accelerated attempt is made.

The utility of some models for some applications
may have been, and probably will continue to be,
exaggerated. However, "overselling" in some
cases should not result in avoiding opportunities
for useful applications.

What Are the Capabilities and Limitations of
the Current State of the Art With Respect
to Government Applications?

The capabilities of current economic models in-
clude short-term forecasting on a national aggre-
gate, macroeeknomic level, early indications of
sensitive aspects of the national economy, indica-
tions of some of the likely consequences of alterna-
tive Government economic policies, and clarifica-
tion of relationships among macroeconomic
variables.

The limitations of current economic models are
their general inability to deal with regional,
metropolitan, and many industrial economic prob-
lems; their too great aggregation for the integra-
tion of important and sometimes decisive local
sociopolitical factors; their inability to analyze
the longitudinal (over time) eemomic changes of
specific populations ; and their inability to show or
explain the interaction of even large-scale social,
political, economic, and technological changes.

V243

These limitations are very largely the conse-
quences of the limitations of the available eco-
nomic data.

The capabilities of current social and political
models are generally much less than those of cur-
rent economic models in prediction, but greater in
the uncovering of significant socioeconomic micro-
processes. Human behavior in individuals and
small groups is less predictable than in very large
groups where anomalies cancel, and this truth is
reflected here. However, just as the study of in-
dividual human behavior is more useful than the
study of large aggregates in indicqing percep-
tions, motivations, and decision criteria, social and
political models and games have improved greatly
the understanding of the sociopolitical-economic
microprocesses that, in the aggregate, make up
the macroprocesses. Models aspiring to long-term
prediction of these macroprocesses probably re-
quire the incorporation of these micromodels. How
the great discontinuity in data and theory is to be
overcome is a major research problem.

Models consist of theory, d.ata, and in the case
of computer model simulations, computer pro-
grams (software) and computers (hardware).
The principal limitations on current progress are
available data and testable theory, not computer
hardware or software.

The collection, sorting, storage, and dissemina-
tion of quantitative social, political, and economic
data most useful to modeling are vefy much a
money-limited problem.

The development of quantitative model-able
sociological, political, and economic theory is very
much a people-limited problem. It is also in-
directly a money-limited problem, since generous
research grants could attract and help educate the
necessary professional manpower over a period
of years.

Another important limitation on current model
applications to government policy planning and
decisiomnaking is the relative lack of sophistica-
tion (concerning models) of many potential users.
Naive overenthusiasm or unreasonable pessimism
(sometimes as a result of disenchantment follow-
ing overenthusiasm) both inhibit the aggressive
and realistic exploitation of modeling in many po-
tentially useful applications.

Where in Government Can Current Modeling
Activities Be Applied?

Identification and specification of objectives;
Observation and description of complex

processes ;
Quantification of qualitative variables;
Measurement of critical process variables;
Data collection requirements identification ;
Integration and sorting of data ;
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Early warning and economic forecasting of
crises ;

Political forecasting;
Public response forecasting ;
Social change forecasting;
Technology forecasting;
Program requirements identification and fore-

casting;
Generation of alternative plans ;
Financial requirements forecasting;
Cost-effectiveness evaluation ;
Resource allocation optimization ;
Program scheduling;
Measurement of program achievements;
Trend indication;
Data collection and. sorting;
Coordination of diverse efforts;
Analysis of organizational structures;
Education;
Training.

What Can Be Done by Government To Improve
the Modeling Art in Those Areas Where
Potential Applications Exceed Current
Capabilities?

More money can usefully be spent. The current
national expenditure on social, political, and eco-
nomic modeling may be estimated in tens of
millions of dollars per year, based on the repre-
sentative interviews of the modeling population.13
Probably less than 1,000 professionals are at work
on specifically modeling problems. Particularly,
social and political modeling suffers from low
fundingless than $2 million per year.

Microeconomic data on metropolitan areas and
regions can be collected or sorted and disaggre-
gated from nationally accumulated data.

Sociological and political data on metropolitan
areas and regions can be collected, and integrated
with clisaggregated economic data. (Privacy of
data can be assured by very small aggregations.)

Longitudinal data, tracing individual or small
socioeconomic g.roup changes over time2 can be
collected, sorted, stored, and made available to
modelers of socioeconomic change.

Interdisciplinary studies of socioeconomic com-
munities can be conducted to provide the empirical
basis for microsocioeconomic models, which could
then be used as building blocks for regional and
national-scale micromodels.

Professionals with model design experience
13 This estimate has no special statistical significance but is a"best guess" of current magnitude.

from several disciplines can be recruited into
Government data collection agencies to assure the
collection of the most useful data and useful data
formats for modeling.

Since quantitative models of social change are
almost nonexistent, even crude efforts and "black
box" models would advance the state of the art.
These can be encouraged by grants to universities
and contracted interdisciplinary research.

The considerable redundancy and repetitiveness
of modeling efforts suggest the utility of imoviding
at least the informational basis for an informal di-
vision of labor. This can be accomplished by
annual, widely disseminated state of the art
surveys.

More precise statements of public policy prob-
lems can 13e made with the aid of systems analysis
techniques, making for better communications lae-
tween Government users of models and model
designers, and more fruitful model applications.

Priority support can be g.iven to problem-
oriented modeling efforts with testable outputs.

Increased on-line time shared computer pro-
graming capacity can be made widely available,
to reduce computer model simulation programing
time. The current computer storage limitations
in time-sharing can be eliminated by the purchase
of larger time-sharing oriented memory systems
now technologically feasible.

The limited availability of large-scale com-
puters having even current time-sharing features
results in unnecessary delays in the development
of many computer simulation efforts. Such com-
puters are now beginning to be commercially
available and should be used by modeling projects
as quickly as possible.

A central sociopolitical-economic data library
with data retrieval by teletype, linked to a time-
sharing computer, can be developed and made
available to all builders of public policy-relevant
models.

The microstructure of clisaggregated local
census data can be preserved, stored, sorted, and
disseminated, even if the same data also continue
to be aggregated for national accounts. Most of
the information in the data would thus not be
destroyed by aggregation.

A system of national, regional, and metro-
politan social accounts can be established, to
provide a framework for socioeconomic data
collection, the modeling of social change, and the
computation of the relative social cost-effective-
ness of alternative Government policies and pro-
grams. Reoionalization of data is essential to
regionally useful models.
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List of Respondents

CALIFORNIA

RAND CoRPoRoN, Santa Monica :
M. Geisler
0. Hehner

STANFORD RESEARCH INSLrruTJ, Stanford :
A. Shapero

STANFORD U NIVERSITY, Palo Alto :
R. P. Abelson
R. Brody
B. P. Cohen
K. Colby
R. C. North
R. Textor

STsTEms DEVELOPMENT CoRrommox, Santa
Monica :

J. Bratten
J. Cogswell
J. Gullahorn
S. Rome
G. Shure

UNIVERSITY OF CALIFORNIA, Berkeley :
C. W. Churchman
G. Dantzig

UNIVERSITY OF CALIFORNIA, Los Angeles :
G. Brown
J. Marshak

WESTERN BEHAVIORAL SCIENCE INSTIILKLE, Santa

Barbara :
W. Crow
H. Sprague

ILLINOIS-MICHIGAN-TEXAS-
WISCONSIN

NORTHWESTERN UNIVERSITY, Evanston, Ill. :
R. Eisner
L. Jensen
R. Strotz

UNIVERSITY OF CHICAGO, Chicago, Ill. :
Z. Griliches
M. Kaplan
H. Thiel

UNIVERSITY OF Iuarrols, Urbana,
R. Ferber

UNIVERSITY OF MICHIGAN, Ann Arbor, Mich. :
W. Gamson
B. Horvath
M. Kochen
R. Meier
A. Rapaport
D. Singer
D. Suits
E. Swanson

UNIVERSITY OF TEXAS, Austin, Tex. :
J. C. Lo3111in

UNIVERSITY OF WIscoNsnr, Madison, Wis. :
M. David
R. Day
A. Goldberger
C. Holt
A. Zellner

MARYLAND-WASHINGTON, D.C.

JOHNS HOPKINS UNIvErtsrrr, Batimore, Md. :
J. Coleman

AMERICAN ITicrvERsrry, Washington, D.C. :
R. Boguslaw

BROOKINGS INSTITUTION, Washington, D.C. :
G. Fromm

BUREAU OF LABOR STATISTICS, Washington, D.C. :
J. Alterman

DEPARTMENT OF COMMERCE, Washington, D.C. :
M. Liebenberg
L. Paratliso

NATIONAL PLANNING ASSOCIATION, Washington,

M. Wood
OFFICE OF EDUCATION, Washington, D.C. :

A. Heyl
BUREAU OF STANDARDS, Washington, D.C.

W. Cushen

NEW ENGLAND

YALE UNIVERSITY, New Haven, Conn.:
H. Alker
J. Friedman
M. Nerlove
J. Tobin
D. Hester
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BOLT, BERAFEIC & NEwmAN, Cambridge, Mass.:
R. Bolt

ARTHUR D. Lrrnm INC., Cambridge, Mass.:
G. Kimball
P. Vintiades

HARVARD UNIVERSITY, Cambridge, Mass.:
C. Almon
J. Bruner
S. Buchin
H. Houthakker
D. Kresge
W. Leontief
G. Orcutt
H. Raiffa
T. Schelling
P. Stone

MASSACHUSETTS INSIii u it, OF TECHNOLOGY, Cam-
bridge, Mass.:

R. Eckaus
F. Fisher
E. Kuh
I. Pool
R. Solow

NEW YORK

DIEBOLD ASSOCIATES, New York City :
F. W. Wanzenberg

IBM, Yorktown Heights:
H. Krasnow

MCKINSEY & COMPANY, New York City
UNIVERSITY OF ROCHESIaat, Rochester:

0-. :Kramer
W. Riker

PENNSYLVANIA

UNIVERSITY OF PENNSYLVANIA, Philadelphia:
P. Dhrymes
R. Luce
T. Reiner
R. Summers

CARNEGIE TEGar, Pittsburgh:
H. Simon

CONSAD RESEARCH CORP., Pittsburgh:
W. Steer

DELAITAM VALLEY REGIONAL PLANNING COM-
missIoN, Philadelphia:

D. Seidman
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Mimeographed ( to be published 1966).

ALTERMAN, JACK, The Federal Government's Program of Economic Growth Studies, Paper given at
the Seventh Annual Forecasting Conference, American Statistical Association, New York Area
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No. 2469.
RTHUR D. LITTLE, INC., CRP, San Francisco Community Renewal Program, Final Report to City

Planning Commission, City and County of San Francisco, Calif., October 1965.

BOYD, D. F., The Emerging Role of Enterprise Simulation Models, Paper presented at the Interna-
tional Meeting of the Western Section of the Operations Research Society of America, Honolulu,

Hawaii, Sept. 14-18, 1964.
BIIOHIN, STANLEY I., The Harbets Simulation Exercise and Management Control, Paper presented at

the Stanford Graduate School of Business Seminar on Basic Research and Management Controls,
Feb. 20-22, 1963.

DAVID, MARTIN H., Design of Simulation Models of the Household Sector, Workshop on the Economic
Behavior of Households : Paper 6503, Social Systems Research Institute, University of Wiscon-

sin, August 1965.
DIIESENBERRY, JAMES S., and LAWRENCE R. KLEIN, "Introduction : The Research Strategy and Its

Application," The Brookings-SSRC Quarterly Econometric Model of the U.S. Economy, Rand
McNally & North-Holland, 1965, pp. 3-32.

EISNER, ROBERT, "Capacity, Investment, and Profits," The Quarterly Review of Economics and Busi-
ness, vol. 4 (autumn 1964).

,Realization of Investment Anticipations in a Quarterly Econometric Model of the Mated
States Economy (Address to CIRET Conference, Vienna, Apr. 18-20, 1963).

For, KARL A., Econometric Analysis for Public Policy, Ames, Iowa, State University Press, 1958.
FROMM, GARY, The Brookings Model : Structure, Solutions and Simulations (mimeographed).

, and LAWRENCE R. KLEIN, The Brookings-SSRC Quarterly Econometric Model of the United
States: Model Properties, Paper presented at the American Economic Association and Econo-
metric Society Meetings, Chicago, 1964.

HOLLAND, EDWARD P., Simulation of the Venezuelain Economy, Simubnatics Corporation, New York,

April 1965.
HOLT, CHARLES C., Quantitative Decision Analysis and National Economic PolicyHow Carn We

Bridge the Gap?, Paper prepared for the Conference on Quantitative Planning of Economic
Policy, Washington, D.C., August 20, 1964.

, and MARTIN H. DAVID, The Concepts of Job Vacancies in a Dynamic Theory of the Labor
Market, Workshop on the Economic Behavior of Households : Paper 6501, Social Systems Re-
search Institute, University of Wisconsin, February 1965.

WrmarN, LAWRENCE B., "A Postwar Quarterly Model : Description and Applications," National Bureau
of Economic Research, Models of Income Determination, Vol. 28, Princeton University Press,
1964.

, and A. S. GOLDBERGER, An Econometric Model of the United States, 1929-52, Amsterdam,
North Holland Publishing Co., 1955.

KRASNOW, HAROLD S., Dynamic Representation in Discrete Interaction Simulation Languages, Tech-
nical Report, Advanced Systems Development Division, IBM, 1965.

LEONTIEF, WASSILY W., The Economic ImpactIndustrial and Regionalof An Arms Cut, Harvard
Economic Research Project. 1965.

NERLOVE, MARK, A Tabular Survey of Macro-Econometric Models, Technicol Report No. 9, Stanford,
Institute for Mathematical Studies in the Social Sciences, May 7, 1965.

Osourr, GuY H., and HAROLD W. WATTS, Consequences of Data Aggregation Over Components for
Prediction of the Effect of Policy on Economic Aggregates, Systems Formulation, Methodology
and Policy Workshop : Paper 6511, Social Systems Research Institute, University of Wisconsin,
September 1965.

, "Microanalytic Models of the United States Economy : Need and Development," American
Economic Review, vol. LII (May 1962), pp. 229-240. Reprint No. 23.

, "Simulation of Economic Systems," American Economic Review, ol. L, December 1960, pp.
893-907.
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OROUTT, GUY H., MARTIN GREENBERGER, JOHN KORBEL, and ALICE RIVLIN, Microanalysis of Socio-
economic Systems: A Simulation Study, New York, Harper & Brothers, 1961.

RADNER, ROY, Notes on the Theory of Economic Planning, Center of Economic Research, Athens,
Greece, 1963.

SEIDMAN, DAVID R., Report on the Activities Allocation Model, Paper No. 22, Penn Jersey Transpor-
tation Study, Philadelphia, November 1964.

STEGER, WILBUR A., "The Pittsburgh Urban Renewal Simulation Model," Journal of the American
Institute of Planners, vol. 31, May 1965, pp. 144-149.

, "Review of Analytic Techniques for the CRP," Journal of the American Institute of Plan-
nen, vol. 31, May 1965, pp. 166-172.

STONE, RICHARD, and COLIN LEICESTER, The Methodology of Planning Models: A Preliminary Survey,
Conference on Economic Planning, November 22 and 25, 1964, National Bureau of Economic
Research, Inc.

Suns, DANIEL B., "Forecasting and Analysis with an Econometric Model," American Economic
Review, vol. 52, March 1962, pp. 104-32.

, Forecasting and Analysis With. ant Economic Model of the U.S. Economy, Paper presented
before the First World Congress of the Econometric Society, Sept. 10, 1965.

Timm, HENRI, Economia Forecasts and Policy, 2d ed., Amsterdam, North-Holland Publishing Co.,
1961.

TINBERGEN, JAN, Economic Policy, Principles and Design, Amsterdam, North-Holland Publishing
Co., 1956.

TOBIN, JAMES, and ROBERT SOLOW, The M.I.T.-Yale Study of Future U.S. Economic Growth,
(Mimeographed).

WOOD, MARSHALL, et al., Dynamic Economic Evaluation of Programs (DEEP), A System for Eval-
uation of the Economic Impact of Proposed Governtnent Programs, National Planning Associa-
tion, Economic Programing Center, Washington, D.C., 1964.

, "PARMAn Economic Programing Model," Management Science, vol. 11, May 1965, pp.
619-680.
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ABELSON, ROBERT P., and Aux BERNSTEIN, "A Computer Simulation Model of Community Referen-
dum Controversies," Public Opinion Quarterly. 1963.

BARRINGER, RICHARD E., and BARTON WHALEY, A Survey Study of the M.I.T. Political-Military Gam-

ing Experience, Report No. C/65-11, Massachusetts Institute of Technology, Center for Interna-
tional Studies, February 1965.

BERGER, JOSEPH, BERNARD P. COHEN, THOMAS L. CONNER, and MORRIS ZELDITOH, Jr., Status Charm-
teristics and Expectation States: A Process Model, Technical Report No. 14, Stanford Labora-
tory for Social Science, July 1965.

BOLT, RICHARD H., WALTER L. IKOLTIIM, and OSCAR H. LEVINE, "Thctoral Feedback into Higher Edu-
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PURPOSE AND SCOPE

This paper is directed to the question of assessing the most effective means of channeling new
technologies in promising directions. No single "most effective means" is recommended, since that
ideal probably does not exist. Certainly too little is known about the complex process of technology
transfer to permit any such sweeping judgments at this time.

To prepare the paper, the authors conducted depth interviews with personnel in the agencies
that currently have significant technology transfer and technical information dissemination
programs. A comprehensive literature search was also completed.
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Backgrounds, Guidelines, and Recommendations
For Assessing Effective Means of
channeling New Technologies in

Promising Directions

Conclusions and Recommendations

Devising means of channeling new technologies
in promising directionsand bringing about the
utilization of new technology for sigmficant pur-
poses other than the immediate use for which it
was developedhas become an activity ranking
among the most intellectually challenging of our
thne. It is recommended that Government agen-
cies and private organizations alike encourage tal-
ented people from the many disciplines who can
contribute to the work.

The transfer and utilization of new technology
offer immense opportunity to the Nation. There
is widespread agreement among those who have
studied the issue that the knowledge resulting from
public investment in R. & D. constitutes a major,
rapidly iacreasing, and insufficiently exploited na-
tional resource. Its effective use can increase the
rate of economic growth, create new employment
opportunities, help offset imbalances between re-
gions and industries, aid the international compet-
itive position of U.S. industry, enhance our na-
tional prestige, improve the quality of life, and
assist significantly in filling unmet human and
commumty needs. It is recommended that more
effective use of this technology resource become a
national goal established at the highest levels.

Measures exist to show that a considerable por-
tion of the technology resulting from military/
space/nuclear work is relevant to needs outside
those mission areas. It is recommended that those
-who can bring about or influence the use of this
technology in the civilian economy be alerted to
the relevance of the technology.

Traditional means of transferring technology
such as the intersectoral movement of knowledge-
able people, corporate diversification, conventional
library systems, the college classroom, and the
technical j ournalwhile still extremely important,
are no longer wholly adequate. This is due, in
part, to the sheer volume of new technology being
generated, the rapid pace of its discovery, the
increased complexity of the economy, and the tech-
nological gap between the military/space/nuclear

sector and the main body of the economy. It is
therefore recommended that complementary mech-
anisms be devised to aid in the channeling, trans-
fer, and utilization of new technologies from sector
to sector, industry to industry, region to region,
discipline to discipline, market orientation to mar-
ket orientation.

It is increasingly apparent that a communica-
tions gulf exists, as a derivative of the technology
gap, between the principal generators of new
knowledge and large bodies of potential users.
This is not a simple problem of language, but a
complex problem involving attitudes, values,
goals, work patterns, orientations, environments,
and other variables. This results in a need for
intermediaries or couplers who can operate effec-
tively at the interface between knowledge and
need, and who can communicate effectively with
those at both ends of the pipeline. It is recom-
mended that professional societies, foundations,
trade associations, and other groups aid in defin-
ing and developing necessary coupling mecha-
nisms and locating and training people who can
perform the function, with Government agencies
continuing an active role.

Technology transfer is one of many areas in our
economy where it is difficult to move programs for-
ward because the responsibility is shared by the
private and public sectors. The issue is compli-
cated further lay the fact that existing Federal pro-
grams to perform the function vary in their level
of Government involvement by several orders of
magnitude. It is recommended that a national
policy be devised spelling out the conditions under
which Federal agencies should conduct, foster, or
support programs at each of the various levels.

The pressing nature of the problem tends to lead
to proposed "solutions" of a sweeping, but im-
practical, nature. Several times it -has been pro-
posed that a "national system" be created. Far too
little, it seems obvious, is known at this time to
design a single national system, and it is unlikely
that this would be the optimum solution in any
case. It is recommended that serious and con-
tinuing analysis be given to the question, and par-
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ticularly to the feasibility of designing a national
capability made up of a multiplicity of coupled,
user-oriented systems, with workable switching
devices and the capability to tailor output for
specific, but continually changing, groups with
common needs or objectives.

Significant benefits can result from the appli-
cation of technology generated by one Federal
agency to the missions of other agencies. It is rec-
ommended that interagency efforts be encouraged
and fostered, and where practical, that special
skills of one agency be employed on an ad hoc
basis by other agencies.

Federal expenditures for scientific and technical
information are large and increasing. In order to
reap the maximum rewards from this investment,
there should be as much commonality as can be
achieved among information handling systems in
their languages, abstracting and indexing ap-
proaches, and other points of interlock, consistent
with the overriding requirement for each to best
serve its particular audience and to continue to ad-
vance the state-of-the-art in information handling.

The solution of pressing urban problems, -from
a technological viewpoint, and the enhancement of
economic growth as a result of technological ad-
vance, rest on the ability of private companies to
innovate. Thus, the focus for any broad-scale
program to transfer technology must be the in-
novative technical community within private in-
dustry.
Teclmical information is a marketable com-

modity. True transfer programs add value to
that information by abstracting, categorizing,
separating out the significant, dividing the rele-
vant from the nonrelevant, and by interpretation,
analysis, repackaging, and provision of local ac-
cess. The user of a system should therefore be
expected to share in the cost of its operation.

Awesome opportunities for slippage exist at
each stage in the processing of technical informa-
tion. It is recommended that increased attention
be devoted to the software aspects of mechanized
systems and that special emphasis be given to edu-
cation in abstracting, indexing, and the design of
search strategies.

There is no substitute for the effect of a "per-
sonal champion" of new technology. Research
should be undertaken to determine the character-
istics of such people and the means of locating
them. Users of new technology should attempt to
fmd such people within their organizations and
place them where they can work toward develop-
ing the maximum benefit for their organizations
from the technology resource.

New technology has no value until it is recog-
nized. To glean the optimum knowledge from
Federal R. & D. programs, it is recommended that
all agencies with significant R. & D. budgets estab-
lish a means of identifying the new technology

they create, inhous3 and through contractors and
grantees.

New technology has no value until it is used, and
it cannot be adapted for use by an organization
unaware of its existence. It is recommended that
all those involved in programs to channel new
technologies in promising directions spend some
time on the marketing aspects of the business,
communicating to prospective users the vast po-
tential value of the knowledge resource and re-
1:.3ting to the needs of special groups of users by
t --;lormg programs to fit their requirements.

Mew technology is besi; transferred intersector-
aily by those Nt 110 comprehend it and perceive its
secondary applications and ultimate implications.
It is therefore moramended that Federal agencies
generating siolicant new technology should _per-
form central roles in bringing about the applica-
tion of that technology.

Introduction

This year, more than $15 Ulla.). in Federal funds
will be used to create new knowledge through
research and development. We are generating
more new knowledge in. 1 yrear than we generated
in a full decade less than half a lifespan ago.

In fact, looking upon the last 50,000 years of
man's existence in terms of lifespans, the speed
of progressthe pace of changeis readily
apparent.

Eight hundred lifespans can bridge more than
50,000 years.

But of those 800 people, 650 would have spent
their lives in caves or worse; only the last 70 had
any truly effective means of communicating with
one another, only the last 6 ever saw a printed
word or had any real means of measuring heat
and cold; only the last 4 could measure time with
any precision ; only the last 2 used an electric
motor; and the vast majority of the items that
make up our material world were developed within
the lifespan of the 800th person.

Such has been our progress, but we have created
equally awesome problems : We send men more
than 160 miles above the earth's surface and
return them safely, but we kill one another on our
highways ; we can create a comfortable living
environment 300 feet below the surface of the
ocean, but we breathe garbage-laden air in our
cities.

How much of our available knowledge is really
being used for all relevant purposes f How much
of our new technology can be translated into im-
proved products and processes to spur economic
growth and improve our standard of living?

No answers can be given to such quantitative
questions. But this study shows th.at there is
much to be gainedboth the quantity and quality
of lifefrom better exploitation of available
knowledge.
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Technology As a Factor in Economic Growth

While this paper is concerned with means of
making new tech.nology available to those who can
use it, it seems important first to ask if the benefits
of employing new technology warrant an invest-
ment in the means of making it available. All
indications are that it will.

Only recently have economists devoted much at-
tention to causal relationships in economic growth.
But throughout the literature, one can trace the
awarenessby economists and policymakersof
the importance of science and technology in
economic health.

More recently, economists have attempthd to
measure the contribution of technology to the rate
and volume of economic growth.

Robert M. So low estimated that of the total in-
crease in U.S. output per man-hour from 1909-19,
only one-eighth was due to the increase in capital
investment while seven-eighths was due to tech-
nological progress.'

Solomon Fabricant has found that, during the
1871-1951 period, technological advance accounted
for 90 percent of the rise in output per man-hour
(versus 10 percent for capital formation) .2

Benton Mossell, found that (during the 1919-55
period) technological changes accounted for ap-
proximately 90 percent of the rise in output per
man-hour.3

Edwin Mansfield, in a study of innovation and
its effect on the growth of individual companies,
found that the innovative companies grew much
more rapidly ( during a 5-10-year period after the
innovation occurred) than other firms in their in-
dustries. The average growth rate of the innova-
tors was often twice that of the others.4

Zvi Griiches asserted that:

It is clear by almost any conventional method of
measurement that productivity increase has been the
most important component of economic growth in the
United States in recent decades. The growth in pro-
ductivity in turn can be divided into two parts: (1)
The improvement in efficiency due to the elimination
of various disequilibria ; and (2) the expansion of the
boundaries of knowledge.5

I Solow, Robert M., "Technical Change and the Aggregate Pro-
duction Function," The Review of Economics and Statistics, vol.
39 (Aug. 1957), pp. 312-320.

2 Fabricant, S., "Resources a Id Output Trends in the United
States since 1870," American Economic Review, vol. 46 (May
1956).

Mossell, B. F., "Capital Formation and Technological Change
in U.S. Manufacturing," The Review of Economics and Statistics,
vol. 42 (May 1960)9 PP. 182-88.

'Reviews of Data on Research and Development, No. 38 (Na-
tional Science Foundation, Washington, D.C., March 1963). See
also : Mansfield, Edwin, "The Expenditures of the Firm on Re-
search and Development," Cowles Foundation Discussion Paper
No. 136 (Yale University, 1962).

6 The Rate and Direction of Inventive Activity: Economia and
Social Factors, Report of the National Bureau of Economic
Research (Princeton University Press, 1862).
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Edward Denison predicts that advances in
knowledge will be the most significant stimulus for
economic growth during the 1960-80 period.6

It is apparent to even the most casual observer
that advancing technology has drastically trans-
formed the ch.aracter of man's activity. A. cen-
tury ago, men and animals provided nearly all the
musclepower in industry. Machines supplied
about 1 horsepower per production worker. Ma-
chines now provide more than 10 times that amount
of energy. The farm population in that time pe-
riod, has decreased from 8 in 10 toless than 1 in 10,
thanks to increased farm mechanization. And
since 1860, the average lifespan has jumped from
around 40 to around. 70 years, owing to medical
advances in the prevention and cure of disease and
to gains in sanitation and nutrition.

It is clear that the infusion of new technology
can speed the rate of economic advance. But the
importance of new technology to society cannot be
measured solely by its contribution to our gross
national product. GNP measures, with limita-
tions, the output of goods and services in the na-
tional economic system. But any realistic assess-
ment of economic performance must also consider

ihow that output s distributed, the ability of the
system to make the generation of that output per-
sonally rewarding, and the environmentor the
quality of lifecreated by the system. GNP does
not measure the economic system s performance in
terms of giving people what they really want.

Much of the benefit of the infusion of new tech-
nologyr into the economy is not reflected in. meas-
ures of productivity. For example if technology
permits the making of a better proauct without a
corresponding change in production costs, the re-
sult is not reflected in statistics of outputbut is
a decidedly beneficial action.

One approach to the full realization of the bene-
fits of new technology, it appears, would be to ar-
rance for its effects to be more widely feltto be
difrused into more industries, more governmental
missions, and more regions of the country. In
others words, programs to channel new technol-
ogies in useful and satisfying directions can have
the effect of notably enhancing the rate of economic
growththough the full effect of such programs
would likely not be measured by conventional
methods.

Denison has shown that differences in levels of
formal education attainment create significant dif-
ferences in productivity.1 It follows that differ-
ences in practical professional knowledge acquired
after completion of formal education can have
a similar effect. In other words the scientist,
encrineer, or businessman who conAnued to accu-

6 Denison, Edward, The Sources of Economic Growth in theUnited States and the Alternatives Before Us, SupplementaryPaper No. 13 (New York : Committee for Economic Development,1962).
7 Ibid.
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mulate new knowledgevia being somehow up-
dated in the latest R. & D. results in his field
would be more productive than the one who was
not. If that logical assumption were indeed
proved true, then mvestment (public or private) in
programs to identify, evaluate, and utilize new
technology would pay significant dividends in pro-
ductivity improvement at the level of the firm or
end user of the technology.

Many studies of the contribution of technology
to economic growth have concentrated on the ec-
onomic impact of major inventions and innova-
tions. But the most important contributions to
economic growth may be stimulated by widespread
adoption of incremental improvements.

Jo Im Jewkes noted that :

There is no evidence which establishes definitely
that technical or economic progress receives greater
contributions from the few and rare large advances
in knowledge than from the many and frequent small-
er improvements. Economically, it might for a
period well pay a community to starve its scientific
and major technical work and to devote resources
to the most thorough and systematic gathering to-
gether and exploitation of all the immediate and
tiny practical improvements in ways of manufacture
and design.

Students of the question see many serious eco-
nomic and social implications in this situation.
Among the difficulties mentioned. as growing out of
this problem are :

Regional economic imbalances. With the three
States of California, New York, and Massachu-
setts obtaining approximately half of total Fed-
eral funds for performance of research and de-
velopment, there is a tendency, for industry in
those regions to reach a level of technological so-
phistication far above that possible in some other
States. But if the technology resulting from
R. & D. performed in California could readily be
channelecl into those industries in other areas, the
chances for regional imbalances in technological
capability would be lessened.

Industry imbalances. The current pattern of
R. & D. fund distributing could also tend to create
serious interindustry imbalances. For example,
consider the machine tool industry. Its technolog-
ical health is important to the national defense
posture and to the ability of other industries to
reach high levels of productivity. But nearly
every significant new advance in metal cutting and
metal forming has been developed by a firm not
trRk; itionally part of that industry. It is argued
C3/4ar let better means must be developed to channel
the technical advances made in the aerospace and
related industries to the machine tool industry and
other basic industries, where such technical ad-
vances can be commercialized and in turn con-

a Jewkes, John, David Sumers, and Richard Stillman, "The
Sources of Invention" (St. Martin's Press, New York, 1959).

tribute to the technical and economic health of still
other industries.

Timelag. Enlarging the use of new scientific
and technical knowledge, it is argued, would con-
tribute to economic growth by reducing the time-
lag between discovery of new knowledge and its
economic exploitation.

Interactional competitive position. Early and
effective utilization of new technology -will log-
ically have a beneficial effect on the U.S. balance
of payments via increased exports of U.S. goods.
This comes about in several ways : (1) Cost reduc-
tions enabling; U.S. goods to be more price com-
petitive in international markets; (2) new
products and product improvements can expand
overseas markets ; and (3) creation of entire new
industries whose output can be sold worldwide
(e.g., commercial jet aircraft and computers).

Perhaps none of the specific arguments in. them-
selves make a conclusive case for the fact that chan-
neling of new technologi.es in promising directions
will significantly speed economic growth. But the
arguments that have been imt forth by various
students of the questionwhen examined in com-
positemake a formidable ease for the theory.

Briefly, the individual arguments are:
The use of new technology can reduce produc-

tion costs, thus increasing productivity.
The use of new technology can sometimes

permit the output of a wider range of customer-
satisfying products and services without a cor-
responding increase in capital investment, thus
raising the return on invested capital and/or per-
mitting price reductions.

The use of new technology can shorten the
timelag between the development of new knowl-
edge and its widespread applications, thus spur-
ring the growth process.

The use of new technology can enhance the
international competitive position of U.S. indus-
try, thus improving our balance of trade.

The use of new technology in the civilian
sectorbecause such new technology will gen-
erally be adapted and coupled with other technol-
ogy to create another sheath of new technology
can in turn provide new technological input to
Government programs in space and defense, thus
enhancinfr our defense posture and aiding our in-
ternif ; i. al prestige.

tie use of new technology in some areas
medi .31 research, urban design, mass transporta-
tion, to name a fewcan improve the quality of
life.

The use of technology in one sector that was
originated in another can help to provide a bal-
ance in. the economy in terms of technological
capability, thus avoiding problems that might
though would not necessarilybe created by the
concentration of research and development effort
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in a relatively few companies within a few indus-
tries in a few g,eographical regions.

The use of new technology can stimulate the
production of new products, thus creating new
Jobs.

The use of new technology can reduce the
cost (and, hopefully, the price) of producing
existing products, th.us freeing purchasing power
for the acquisition of other products, creating
additional jobs in those areas.

Is Technology Available for Transfer and
Utilization?

It seems clear that more rapid and more -wide-
spread use of available new knowledgewould have
many benefits. It would, for example, tend to
speed the national rate of economic growth,
smooth out regional and interindustry imbalances,
and enhance the U.S. position in international
trade.

But is new technology available for use? And
importantlyis the new technology- relevant to
the needs of society ? This section is devoted to
answering those questions.

Sources of New Technology

This paper emphasizes new technology devel-
oped as a result of Federal programs, since only
that portion of new technology is sufficiently in
the public domain to be made available for wide-
spread use via channeling and coupling
mechanisms.

The Federal Government is currently support-
ing research and development programs at an an-
nual rate of more than 815 billion. That is double
the outlay in 1960, triple the amount expended in
1958, and 15 times the outlay in 1950.

Since 1940, Federal spending for research and
development has risen at an average annual rate
of nearly 20 percent, from $74 million in 1910 to
$15.2 billion m 1965.

For every $100 spent by the Federal Govern-
ment this year, approximately $15 will be spent
for research and development. That compares
with $10 in 1960, $5 in 1955, and $1 in the mid-
1940's.

Federal spending for R. & D. is also increasing
far more rapidly than total economic activity.
Before World War II, federally supported R. & D.
was equivalent to a few tenths of 1 percent of the
gross national product. By 1953, it equaled 1.4
percent of GNP and is now close to 3 percent.

Three agenciesDepartment of Defense, Na-
tional Aeronautics and Space Administration, and
Atomic Energy Commissionaccount for nearly
90 percent of Federal R. & D. spending. The
nature of the missions of these agencies demands
that the funds be spent across the full spectrum of
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R. & D.from the most basic type of research to
the most applied kind of development (which is
really closely akin to plant engineering) . Table 1
shows the sources of Federal R. & D. funding by
agency.

TABLE 1. BUDGET EXPENDITURES FOR RESEARCH AND
DEVELOPMENT, 1954-66 (IN MILLIONS OF DOLLARS)

Fiscal year DOD I NASA' AEC D/
HEW

NSF Other Total

1954 ..... - 2,487 00 383 63 4 121 3,148
1955....... 2,630 74 385 70 9 140 3,308

1956 . 2,639 71 474 86 15 161 3,446
1957 ..... ___._ 3,371 76 657 144 31 183 4,462

1958........--- 3,664 89 804 180 33 220 4,990

1959.-- -. 4,183 145 877 253 51 293 5,803
1960. _ -. 5,654 401 986 324 58 315 7,738
1961 ___ 6,618 744 1, 111 374 77 356 9,278
1962 ..... ......_ 6,812 1, 251 1,284 512 105 409 10,373

1963....... 6,849 2,540 1,335 632 142 490 11,988

1964 7,516 4,171 1, 503 791 197 496 14,674

1965- ...... 7, 222 4, 900 1, 569 801 208 655 15, 355

1966 6,880 5,100 1,557 936 266 706 15,445

I Includes civil iunct ons.
3 National Advisory Committee for Aeronauticsprior to 1958.

Souacz: National Science Foundation.

In. the last 10 years, Federal funds have paid for
more than $88 billion worth of R. & D.more
than. 60 percent of it as a result of defense require-
ments. More recently, R. & D. in support of space
exploration has risen to a place of importance
nearly equal to that of the defense realm. And
continued expansion of R. & D. by the Depart-
ment of Health, Education, and Welfare is bring-
ing that agency into a funding position as im-
portant as the Atomic Energy Commission was in.
1960.

Most R. & D. continues to be performed by pri-
vate industry, with the bulk of new technology
generated within profitmaking corporations (see
fig. 1). Thus any effective program aimed at
channeling new technologies in promising direc-
tionsor any program aimed at finding secondary
uses for the results of federally funded R. & D.
would have to incorporate some means of identify-
ing and reporting new concepts, inventions, in-
novations, and other useful information generated
within a diversity of corporate entities. The hn-
plications of this requirement will be discussed
I ater.

There is no indication that Federal funding for
R. & D. has reached a peak ; in fact, all signs point
to continued growth of such outlays. While no
rapid growth in Federal spending for defense
R. & D. is likely, continued expansion in such areas
as health, space, and socioeconomic areas seems
likely.

One writer suggests that, by 1995, if present
trends continue, there will be 8 times as much scien-
tific and technical information available as exists
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FIGURE 1. Trends in Federal Obligations for Research, and Development, by Performer

Research centers

Other performers

Educational institutions

Total

1964 1965
(est.)

1966
(est.)

Profit organizatkins

'56 '57 '58 '59 '60 '61
Fiscal Year

Souscn : National Science Foundation.

today.° Numerous measures exist to show the vol-
ume of new technology being generated via U.S.
Government programs. Among the measures are :

Around half the scientists and about one-third
the engineers in the United State- are currently
employed in research and development or its ad-
mmistration and management (the others teach,
work in production, etc.) 10

'The United States currently accumulates more
than 100,000 Government reports each year, plus
450,000 articles and countless books and papers.
On a worldwide basis, the literature is growing at
the rate of an. estimated 60 million pages per year.11

On December 31, 1962, the U.S. Government
owned 13,671 patents and the number was increas-
ing at the rate of about 1,900 annually. A. survey
disclosed that around 10 percent of the inventions
assigned to the Government also reached a stage
of commercial utility.12

In January 1963, NASA reported that its
work, conducted both in Government laboratories

*Hines William, "A Scientific Data Moratorium ?," Waching-
ton Evening Star, Apr. 27, 1965.

20 Rosenbloom, Richard S "Technology TransferProcess and
Policy," National Planning mociation Report No. 62, July 1965.

11 Watson, Thomas J., Jr., cestimony before the ad hoc Subcom-
mittee on a National Research Data Processing and Information
Retrieval Center, U.S. House of Representatives, May, July, and
September 1963.

1/ Holman, Mary A., "Government Research and Development
InventionsA New Resouree?," Land Economics, August 1965.

'65 '66
(est.) (est.)

and private facilities, had led to 786 inventions.
By August 1964, the number had increased to
2,500 ; and by May 1965, that number had doubled
to 5,000.

But volume of tecimology alone is an insufficient
basis for justification of an effort to channel tech-
nology into the civilian economyalthough it is
one necessary indicator. As H. G. Barnett pointed
out :

The size and complexity of the cultural inventory
that is available to an innovator establishes limits
within which he must function. The state of knowl-
edge and the degree of its elaboration during his day,
the range and kind of artifacts, techniques, and in-
struments that he can use, make some new develop-
ments possible and others impossible. The mere ac-
cumulation of things and ideas provides more ma-
terial with which to work. A sizable inventory allows
for more new combinations and permits more different
avenues of approach and problem solution than does
a small one.is

It is clear that Federal support of R. & D. has in
recent years generated "a sizable inventory." But
how relevant to the needs of society are the items
of knowledge stocked in that inventory ?

Certainly, man's capability to accumulate and
retrieve information has always paced his progress.
But the sheer volume of information available to-

33Barnett, H. G., Innovation: The Basis of Cultural Change
(McGraw-Hill Book Co., New York, 1953).
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dayunless properly managed in an organized sys-
tem that permits the right information to be found
by the right person at the right timemay be
tending to inhibit progress.

The man who has been forced, in the course of
his work, to seek out that available information
which is relevant to his objective will readily attest
to the maze of pathsmost of them unmarked
which he must follow to uncover even a small por-
tion of the information that is potentially relevant.
And in the process, he is likely to be forced to sift
through a great deal of information that is not
relevant.

While sig it strides in information manage-
ment have . Jade in the last 5 years by such
groups as CO6ATI, AECI NASA's Scientific and
Technical Information Division, the Science In-
formation Exchange, the L. xary of Congress, the
Defense Documentation Center, and others (includ-
ing a number of nongovernmental organizations) ,
the state of the art hi information retrieval (as
distinct from document retrieval) is still woefully
inadequate.

The size of the inventory of information in a
quantitative sense is best illustrated by pointing
to some standard. measures of information volume :

The last issue of the TV orld Bibliograph, of
Bibliographies lists more than 100,000 separately
collated volumes of bibliographies.

More than 30,000 scientific and, technical con-
ferences are held each year throughout the world.
Many publish proceedings.

There are nearly 1,900 independent abstract-
ing and indexing service organizations dealing in
scientific and technical fields throughout the
world, with 365 of them in the United States.

Scientific and Technical Aerospace Reports
(STAR) , the NASA. indexing guide to the world's
unpublished reports in aerospace, carries about
30,000 new listings annually. The companion
journal, International Aerospace Abstracts, which
lists published articles in the aerospace field, con-
tains about 28,000 new entries annually.

Technical Abstracts Bulletin (TAB), the list-
ing of new access.'Ins in the Defense Documenta-
tion Center (DDC) , carries nearly i,000 new en-
tries each month.

In the last 12 months, the Science Information
Exchange added 100,000 records of ongoing re-
search tasks to its information bank.

The National Science Foundation lists Fed-
eral obli,-ations for scientific and technical infor-
mation for fiscal year 1966 at 258,673,000.
However, total Federal expenditures for scientific
and technical information procea'ng are far
greater. For example, NSF reports total obliga-
tions of the AEC for this type of work at
$5,474,000. The AEC, however, estimates its total
expenditures in this area for fiscal year 1966 at
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$28,842,000. Of the total, formal budget items
account for only $1,522,000.

Obviously, the volume of Go -ernment-generated
scientific and technical information has reached
the stage where, --ithout systematic information
management and dissemination, the odds that an
interested scientist and engineer could obtain
needed information would be very low indeed.

The question then becomes : Is the available in-
formation sufficiently, relevant to the needs of so-
ciety to justify investmenteither public or
privatein the means of making the right infor-
mation available to the right person at the right
time?

Is Government-Generated Technology Rele-
vant?

It is obvious to even the casual observer that
an extremely large technological base has been
generated by the research and development pro-
grams of the Federal Government, principally the
DOD, AEC, and NASA. But does this knowl-
edge have any value in the context of meeting
community and human needs ?

Critics of existing programs to transfer tech-
nology from one industry or one discipline to an-
other generally state the proposition this way :
"If we spent billions of dollars to develop better
home appliances, would we, in the process, get a
man to the moon, or build a better ballistic mis-
sile ?"

The answer, obviously, is "no." But the wrong
question has been asked.

Rephrasing the question to recognize the nature
of R. & D. efforts of NASA, AEC, and DOD, we
would ask : "If we spent billions of dollars in re-
search and development in every scientific and
engineering discipline, is it likely that the new
knowledge thereby generated might find wide ap-
plicability in helping to meet the problems of an
industrialized society ?"

Now the answer, obviously, is "yes."
Of course, if major R. & D. programs were ini-

tiated specifically to seek solutions to given prob-
lems outside the space/defense/nuclear realm, the
odds in favor of generating specifically useful new
howledge would very likely increase.

But the priorities have been assigned. The Na-
tion is already committed to major R. & D. in sup-
port of defense, space exploration, and utilization
of nuclear energy. For the purposes of this paper,
then, the question is whether the results of that
R. & D. might have secondary utility; whether the
problems and objectives outside the space/de-
fense/nuclear realm in. any way overlap those
within that realm.

Certainly, there is overlap.
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nized until 1939.15 An English patent for a
4l machine for transcribing and printing letters"
was issued in 1711. Not until 150 years later
when Remington bought the patents of Latham
Scholesdid the typewriter become commercially
available.

These examples illustrate the generally experi-
enced timelag between the discovery of new knowl-
edge or articulation of a new concept and its prac-
tical application.

Even with a modem climate that permits pro-
vision of some Government development funds and
an available defense market, there is a notable time
lag. For example, it was 6 years from the inven-
tion of the transistor to the commercialization of
the first transistorized amplifier.

That there should be timelags is natural. Tech-
nology does not spring forth in full bloom from the
genius of a single discipline or single generation.
It moves forward step by step, building on experi-
ence, drawing from a multiplicity of individual
endeavors and growing steadily more complex,
drawing its strength and applicability from an
ever-widening range of human skills and an ever-
expanding pool of scientific knowledge. Occa-
sionally, several of technology's life sources con-
verge, resulting in a quantum jump.

But in a society as complex as ours, there are
considerable elements of luck and coincidence in
the meeting of the prcducer of new lmowledge
with the laotential user. But to rely on mere
chance to bring about utilization of new lmowledge
would seem to be a most inefficient means of obtain-
ing the maximum return on our large national in-
vestment in research and development.

Since early and widespread use of new tech-
nology can provide numerous national benefits, it
seems in the national interest to effect means of
shortening; the time gap between the discovery of
new knowledge and its use. To do that requires
systematizing communication between those who
generate new technology and those who can apply
it to meeting unmet human needs.

And in a society structured such as oursa struc-
ture that encourages increased specialization
traditional means of communicating no longer
suffice. When new knowledg;e was generated in
smaller amounts and fewer fields, the professional
j ournal provided an admirable means of communi-
cating it. When our industrial structure was less
complex, the trade magazine provides a channel for
communication of comprehensive information
within industry. But specialization within dis-
ciplines and fragmentation of manufacturing ac-
tivities have not only made it increasingly difficult
to communicate across industry and disciplinary
linesit has become extremely difficult to corn-

15Dryden, Hugh L., "Interaction Between Space Exploration,
Science, and Technolog,y," Speech before the Twin Cities Section
of the American Institute of Aeronautics and Astronautics,
Minneapolis, Mar. 11, 1965.
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municate among fields of specialization within a
sin le industry or discipline.

d just as one innovation or bit of new knowl-
edge can have applicability in numerous areas so
also the development of a new device or system
may require inputs of knowledge from a multi-
plicity of endeavors. Knowledge is not provin-
cialbut people sometimes tend to be. While new
technology may have utility in diverse areas, it
is likely not to be recognized unless deliberately
brought to the attention of innovative people
working in those areas, in an understandable form,
and at a time when it can be given sufficient evalu-
ative attention.

Because a capability exists does not mean it will
be used. When Baird called on the Marconi Co.,
he was told they could find no reason to be inter-
ested in television. Optimum utilization of new
knowledge will not take place as a natural process.

The discoveries of extreme magnitude, those
that lead to the creation of whole new industries,
for example, have sufficient inherent force to bring
about their own exploitation. Like the gold coin
in the coal bin, they are easily distinguished. But
the incremental improvements in technology,
which individually have seemingly lesser sigmfi.-
cance but which in composite underpin our indus-
trial might, are less easily brought to the atten-
tion of all who can use them. It seems clear that
any mechanism created to transfer technology
should devote some emphasis to identifying and
communicating incremental advances.

It is also apparent that only a relatively small
amount of new technology will be rapidly trans-
ferred and utilized for secondary purposes without
the existence of mechanisms specifically created
to perform that function.

Or could the generators of the new technology
themselves effect rapid and widespread utilization
of that technology ? The answer appears to be
"no." For one thing, not all of them have either
the skills or the inclination to bring about the ap-
plication of that knowledge. Also, many of the
generators are locatedboth geographically and
in terms of professional and market orientation
some distance from the focal points of effective
utilization. As James Webb pointed out:

People performing the actual work in the NASA
centers and in the plants of NASA. contractors are in
the best position to recognize new departures in tech-
nology and techniques and to indicate the areas of
potential application. But we must still rely on the
business community to supply the "profile of indus-
trial or consumer needs." '6

The situation is aggravated by the fact that Fed-
eral funds for research and development ale
heavily concentrated among a relatively small
number of organizations within a few industries

leIn Business Horizons (Indiana University), fall 1963.
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concentrated in a few geographical regions. If the
generators of new technology were encouraged to
bring about its commercial utilization without the
assistance of disseminators deployed geograph-
ically and industrially, the tendency would be to
accentuate whatever regional and interindustry
economic imbalances are brought about by the ini-
tial concentration of R. & D. performance.

Obviously an effective means of spreading new
scientific and technical knowledge is through the
migration of people possessing such knowledge.
In the 16th, 17th, and 18th centuries, the move-
ment of large groups of people was, in fact, the
mechanism by -which the diffusion of new tech-
nology took place. But the rate of diffusion was
painfully slow.

At least 35 years after Abraham Darby had suc-
cessfully burned coke in his iron-smelting blast
furnaces, for example, many English smelters were
under the impression that only wood could be used.
Frenchmen first melted glass in coal furnaces al-
most a century after an English innovator had
done so, and they acquired the secret of making
flint or lead from the English after a lag of more
than a century and a half.

Historically, the diffusion of technology by the
mass movement of informed people was obviously
effective. Equally obvious, it was slow.

Any modern governmental atempt to encourage
mass movement of skilled technologists across re-
gional and industry lines would seem to be po-
litically untenable.

But the generators of new scientific knowledge
and technological advances must cooperate in any
program to channel new knowledge to its points of
potential use It is in their best professional inter-
ests to do so.

The case has been stated in the famous Weinberg
Report :

Transfer of information is an inseparable part of
research and development. All those concerned with
research and developmentindividual scientists and
engineers, industrial and academic research establish-
ments, technical societies, Govermnent agencies
must accept responsibility for the transfer of informa-
tion in the same degree and spirit that they accept
responsibility for research and development itself.
The technical community generally must devote a
larger share than heretofore of its time and resources
to the discriminating management of the ever-increas-
ing technical record. Doing less will lead to frag-
mented and ineffective science and technology.17

The scientist or engineer working in the de-
fense/space/nuclear cormnunity has an additional
motivation for aiding in the technology transfer
process. The civilian applier of his principles and
techniques may, in the process of application, de-
velop additional technology of value to the de-
fense/space/nuclear community.

17 science, Government, and Information, Report of the Presi-
dent's Science Advisory Committee, Jan. 10, 1963.

That point was well made by H. Roy Chope of
Industrial Nucleonics Corp. :

Techniques and products which have been invented
and created for industrial processes in turn provide
unique solutions to defense or space problems. Ex-
tension of this self-funded R. & D. has now been
applied to (1) precision mission tracking ; (2) meas-
urement of space radiation ; (3) measurement of
cryogenic fuels in missiles ; and (4) guiding aircraft
and helicopter.18

Hence, a full circle has been made. A federally
created technology (nuclear technologry) was fur-
ther developed and applied to peaceful purposes
with private funds. The extension of the peace-
ful applications then provided new space uses
which mayr not have been dreamed of by the prac-
titioners of the original technology.

The point is clearly stated by Robert A. Solo :
"The value of information increases directly in
proportion to the speed and breadth of its dis-
semmation."

It might be useful to think in terms of "value
added by transfer," much in the same sense as we
recognize value added by transportation, corn-
mumcation (publishipg, broadcasting, etc.), and
retailing. Certainly, information has no value to
a potential user unless he is aware of its existence.
Further, its value increases as the information is
assembled and delivered in terms of the user's lan-
guage, interests, outlook, points of reference, set
of values, and experience. _And when the informa-
tion is combined with other information that com-
plements and supplements itand the full pack-
age is delivered rapidly and in a meaningful form
(related to the needs and objectives of the poten-
tial user) , its value increases still more.

One measure of the economic value of having
the right information available for the relevant
purposes e the opportune time has been made by
Allen and Andrren." They found, in studying
four Government-funded, parallel, R. & D. proj-
ects, that between 13 and 11 percent of total time
spent by the teams was devoted to information
gathering.

It seems clear that numerous significant eco-
nomic and social benefits could be derived if
mechanisms could be developed to effectively chan-
nel new technologies to the points where they could
be applied to public benefit.

The Transfer Process

Commercial utilization of Govermnent-gener-
ated technology is a very old story indeed. About

Is Testimony before the Senate Commerce Committee on Tune
10, 1965, in support of the State Technical Services Act of 1965.

" S010, op. cit.
3° Allen, Thomas and Maurice P. Andrien, Jr., "Time Alloca-

tion Among Three Technical Information Channels by R&D
Engineers," Report on an MIT research program in the manage-
ment of science and technology under NASA and NSF grants,
August 1965.
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3000 B.C., Sumerian metal smiths saw how a new
weapon, the ceremonial battle mace, made the royal
bodyguards invincible against their foes. But his-
tory mdicates it was more than a century before
the religious mystisque which surrounded the or-
namentation and d.esign could be discarded and
someone was able to abstract the essential concept :
Namelyr, that a long handle with a bronze head en-
abled the warrier to smite his enemy harder than
the foe could strike back with his stone hand axe.
At that pointthe "eureka" point in the transfer
processbronze hammers with long handles were
introduced, to replace hand-held stones for metal-
working.21

Rosenbloom cites other examples : Food canning
was first developed to preserve supplies for Na-
poleon's army. The electronic computer was in-
vpnted and improved in a World War II military
project.22 These were cases of "spinoff" and "fall-
out." The transferoccurred largely by chance and
seemed to take place in a short time interval only
in the cases of extremely significant advances in
technologyadvances of the importance of the
computer and food preservation. "The modern
temper," says Rosenbloom "seems to demand more
rapid evidence of civilian benefits." 23

.As has been indicated, that demand stems largely
from increased concern with spurring economic

owth coupled with a growing awareness that
overnment-generated technology can be applied

to civilian needs. In so doing, both the rate of
economic and. growth and the quality of life can be
raised. Increased governmental concern with cre-
ation of jobs also contributes to the demand.

The process by which the transfer of technology
occurs can be simply stated :

Technology utilization . . . involves the use of
tectnokgy developed for one purpose to fulfill a need
elsewhere. It requires : (1) The knowledge that an
advance has occurred in one field ; (2) the recognition
of its significance in a different field ; and (3) the
capability to make the required adaptations."

The effective channeling of new technologies,
then, demands more than document dissemination,
and even more than communication of information
from one point to another. For the assumption
is that knowledge will not only be transferred ; it
will be utilized. The process, it is hoped, will
take place over a short timespan with resulting
significant benefits.

Therefore,

a change of approach must be in the offing. A change
from an approach that views the transmission of the
results of space/military research into industrial op-

n Gadberry, Howard M., "The Need to Borrow Ideas from Other
Industries," paper presented at the Valve Technology Seminar,
Midwest Research Institute, Kansas City, Mo., Oct. 21 1965.

22 Rosenbloom, Richard S., "Technology Transfer-Process and
Policy," National Planning Association Report No..62, July 1965.

22 nu.
24 Transference of Non-Nuclear Technology to Industry, op. cit.

TECHNOLOGIES V-2 69

plication as a happy instance of spillover to ono that
views it as part of an immensely difficult task of

social engineering.26

Clearly, no one transfer technique will be suit-
able for technology of such variety as that being
federally generated in the second half of the 20th
century.

In an early study of the NASA technology
untilization program, the Denver Research Insti-
tute noted six types of contribution to the com-
mercial sector : (1) Simulation of basic and ap-
plied research; (2) development of new or im-
proved processes or techniques; (3) improvement
of existmg processes ; (4) increased availability of
materials, testing equipment, and laboratory equip-
ment ; (5) development of new products; and (6)
cost reduction.26

Sumner Myers has pointed to a more funda-
mentaland seemingly very significanttype of
transfer. He sees such, activities as the space pro-
gram setting new standards of achievement for
the entire technical community. He asserts that
"the space program may be stimulating the process
of technological innovation by changing profes-
sional norms and general attitudes," and- sugg6sts
that "the very existence of the space program as
a model of technological achievement may prove
more important to the economy than either the
multiplier effect of its investment or the spiiove.r
of its technology." He points out that "people are
influenced by and tend to accept as th.eir wants
those goals and values shared by their reference
Erroups. Space scientists and engineers are a ref-
erence group for industry's staff professionals." 27

The space program and, to a lesser degree, the
atomic energy program above established a new
environment for iimovation. This is important,
for the climate must be conducive to entrepreneur-
ship if any technology transfer program is to be
effective. The innovator, or changemaker2 must
be acceptedeven encouragedby societyr if new
concepts are to be exploited in the areas where they
have the most promising potential.

Even with the right climate, transfer of tech-
nology is difficult. While a great deal has been

learned from experimental programsconducted by

AEC, NASA, SBA, the Department of Commerce,

and others, these programs have not covered a very
broad spectrum of transfer techniques and chan-

neling mechanisms in relation to the number that
Might be usefully attempted.

For example, little has been done to effectively

foster the utilization, in the civilian economy, of

the methods and concepts used to solve military/

Solow, Robert A., "Gearing Military Research and Develop-
ment to Economic Growth," Harvard Business Review, November
December 1962.

22 Denver Research Institute, The Commerdal Application
Missile/Space Technology, September 1963.

rt In The Impact of the U.S. Civilian Space Progratn on the
U.S. Domestic Economy, op. cit.
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space problems. David Allison and others have
suggested :

The most important derivative of this [military/
space] R. & D. effort is likely to be a ne-y ability to
solve problems. Not strictly technical problems, but
those involvine a mix of components : Technical,
managerial, psychological, social, political. If this is
true, then we are unwise to watch for spunoff gadgets.
Instead, we must develop the means and the wisdom
to transfer an intangible."

Some of the problem-solving ability has been
transferred, of course, in the process of transfer-
ring items of technology. Most such transfer de-
mands some degree (often large) of adaptation on
the part of the receiver of the technology. At that
point, there is often intensive communication be-
tween the purveyor of the technology and its
recipient. In the process, the recipient gains addi-
tional insight into the problem-solving and man-
agerial concepts employed by the technology
generators.

Sumner Myers takes a similar view :

The NASA experimental programs often involve
firms that would not ordinarily seek out technical
help of any kind. Some interesting results have
emerged through this process. These firms have had
some of their problems solvedoften with nonspace
information. They have also been shown that they
have solvable problems they didn't know they had.
The NASA. program also provides a good setting for
serendipity. For example, one R. & D. manager
after declaring in no uncertain terms that he couldn't
use any of the space technology offered his firmwent
on to relate how one of the men he met at a NASA-
sponsored conference led him to the solution of a
problem that had been bothering him for years. One
Is reminded that to discover anything you've got to
be looking for something. The various transfer pro-
grams get people looking for something. This may
not seem to be an efficient way to transfer R. & D. in-
formation but as yet no one knows how to organize
the information-innovation linkage more effectively."

Significant transfer simply seldom occurs in the
sense that a piece of hardware developed for mili-
tary/space/nuclear use can be transplanted intact
to another application. More often, it occurs by
imitation or analogy.

Because effective transfer demands degrees of
imitation, of concept displacement, of "imagineer-
ing," "adaptioneering," innovating, knowledge
association, and extrapolationbecause it is a
process to which many diverse disciplines can
contributeand because it demands hard work on
the part of both purveyor and receiver for its effec-
tiveness, there are obvious barriers to its accept-
ance. Likewise, incentives are required.

"The real barriers," in the words of Dr. Charles
Kimball, "are neither financial nor technical. The

21 Allison. David, "Civilian Technology Lag," International
Science and Technology, December 1963.

29From The Impact of the U.S. Civilian Space Program on the
U.S. Domestic Economy, Report of the National Planning Associ-ation, July 1965.

barriers are outdated institutional practice, lack of
entrepreneurship, and of reluctance to accept new
ideas and new practices." He sees barriers to the
transfer of technology in four major areas : (1)
Within corporate managementan unwillingness
to take risks, the absence of adequate mechanisms
to deal with all the implications of new products
and new processes, an unwillingness to render ex-
isting plant and organization obsolete by adoption
of the new, a concentration on the short term
rather than the long term, and lack of knowledge
of the Government sources of new technology ; (2)
within the scientific communitythe Ph. D. who
cannot communicate his finding: or who has little
economic understanding or drive, the inability to
distinguish between the transfer of information
and the transfer of documents, the confusion be-
tween -publication and communication, the orienta-
tion of some scientists who seem to regard research
as a special privileged way of life, and the scien-
tist's inadequate appreciation of management's
skills and functions; (3) in institutional factors
the lack of rapport between industry and univer-
sities, the unwillingness of some academics to re-
late their research to the needs of industry, the
geographic separation of the generators of new
knowledge from those who could employ it; (4)
within the human mind itselfcreativity is gener-
ally thought of as an essentially individual endeav-
or but American society has moved in such a way
that most things are done in groups. We have not
yet learned how to provide the climate that fosters
creativity, and there is a need for more people to
become "innovation prone." s°

Another compilation of the barriers to utiliza-
tion of new technology frequently encountered in
private companies has been made by Philip
Wright.31 The barriers were brought to light
when Mr. Wright invited companies being offered
new NASA technology to state their views about
the difficulties involved in the effective transfer of
new technology for the purposes of its commercial
utilization in industry. The barriers he cites are :

The discouraging effect of abortive reviewing of
technical information.

Difficulties of evaluating advantage.

Difficulties of assimilation.

Inhibiting effects of companies' new idea receptive
procedures.

Cheerless effect of the high cost of evaluation.

Frustration owing to delays in response to ques-
tions.

3° Kimball, op. cit.
=In a report to the NASA Office of Technology Utilization on

activities of the Office of Industrial Applications at the Univer-
sity of Maryland, a NASA regional dissemination center.
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The impediment of the difficulties of locating.

Adverse effects of inadequate disclosures.

Adverse results of unfavorable economics.

Barriers owing to educational deficiencies.

The obstructing consequences of inadequate
finances.

Adverse influence of government policies.

Obstructions owing to impractical nature of in-
novations.

Difficulties owing to inappropriate orientation of
the presentation of technical information.

Discouraging effects of limited applications.

Inhibiting effects of the absence of information
about applications.

Hampering situations created by company dis-
interest in nonexclusive licensing.

Adverse effects of inability to devote time to
evaluation.

Deterrent effect of obsolescence.

Impending outcome of weak patents.

Handicaps due to poor communications.

Deterrent effect of proprietary design ownership.

Obstructing impact of security regulations.

Preventative effects of fear of lawsuits.

The findings of these and other investigators
point up the importance of the social environment
in acting as a stimulus or barrier to innovation.
The problem must be recognized, or the objective
defined, or the goal established if innovation is to
be applied without considerable suasion. All the
technology necessary to providing the optimum
means of controlling air pollution can be available
but it is not likely to 'be applied until society
recognizes air pollution as a major problem ; peo-
ple communicate their desire to have the 13rol3lem
solved to those who can influence action ; those who
are influential recognize the availability of the
technology ; the economics are found to be permis-
sive; and the balance of power among those who
influence the decision swings in favor of an early
and effective solution to the problem.

That is, of course, a gross simplification of an ex-
tremely complex and dynamic situation. But the
central point needs emphasis: The specific social
environment must be receptiveand preferably
activefor technology to be effectively transferred
and applied.

-
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From the foregoing, four conclusions can be
stated :

(1) For technology to be effectively transferred,
the climate must be receptive to innovation and
change. Thanks partially to the space program
having become wid.ely accepted as a standard for
achievement or a, reference point for scientific
and technological excellence, such a climate does
exist in the United States today, at least to an
acceptable degree.

(2) For tecimology to be efficiently transferred,
there must exist recognizable specific social needs
to which it can be applied. Certainly, the list of
social needs frequently citedhigher rate of eco-
nomic growth, pollution abatement, improved mass
transportation, better health care, more effective
crime prevention, more systematic and sanitary
means of wastes disposal, improved education and
training methodsare recognizable to the major-
ity of U.S. city dwellers and a great many rural
residents as well.

(3) The process by which technolog can be
transferred from its point of origin to utility in
another context is extremely complex. Too little
is known about the total process; no readily acces-
sible body of knowledge exists. But empirical
knowledge is being generated by existing experi-
mental programs.

(4) An awesome list of barriers to acceptance
of innovation has been compiled by those who
have practiced transfer or studied the transfer
process. Some of the barriers will likely always
exist and need only be recognized in the design of
transfer programs. Others, once recognized, can
be prevented by designing transfer methods that
avoid them. Still others can only be changed by
evolution of the environment. And some perhaps
appear as barriers only because we know too little
about creativity, innovation, human behavior,
group dynamics, and the processes by which ideas
become accepted within organizations.

What Is Government's Role?

If we accept that it is in the national interest to
attempt to channel new technologies in promising
directions, we must ask who will perform the chan-
neling function.

No firm recommendations will be made here on
the extent to which this function should be con-
ducted in the public sector. But the authors will
raise some of the questions, attempt to define some
of the issues, and report on the degree of Govern-
ment involvement in some past and present pro-
grams of this type.

A central issue is the degree to which the Fed-
eral Government should accept responsibilities for
direct action programs to stimulate economic
mrowth.
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Another issue is the degree to which the Govern-
ment should accept responsibility for the active
development of national resources. Logical argu-
ments can be made that technological knowledge
has become as important to regional and national
economic health and growth as were natural re-
sources in the past. Those favoring substantial
G-overmnent involvement in programs to transfer
technology argue that the precedent for such Fed-
eral involvement is in past and present Govern-
ment programs to make rivers navigable, to aid in
the exploration, use7 and conservation of the Na-
tion's mineral supplies, and other such programs.

A third question concerns regional balances.
Arguments have been made in favor of Govern-
ment support of technology transfer programs on
the basis that such programs will tend to offset re-
gional imbalances in technological sophistication
resulting from the concentration of Federal
R. & D. funding in a relatively few States.

A fourth and thorny question involves the issue
of whether Government support of prcgrams to
transfer technology to the private sector would
tend to work in favor of the marginal producer.
The argument is that such Government involve-
ment would interfere in the private economy be-
cause it would tend to bring to the marginal
company, a partial capability that must otherwise
be gained through relatively high investment on
the company's part.

fifth debate centers about historical precedent
for Government involvement in programs to pro-
mote scientific activity, and technological achieve-
ment and to bring about the diffusion of science
and technology tliroughout the economy. A few
events of that type are mentioned here.

One of the first patent applications under the
patent law of 1790 was for "a mixture which was
supposed to help make salt water fresh [through
a distilling process] ." Thomas Jefferson, who was
then Secretary of State and as such was also the
administrator of the patent law, proved by
experiment . . .

That the fresh water came from the distilling proc-
ess, long known and used at sea, and that the mixture
added did not enhance its efficiency. Nevertheless,
Jefferson suggested to Congress that instructions for
building an evaporator be printed at Government ex-
pense and distributed to all shipmasters.

That Jefferson should propose the dissemination
of the knowledge thus incidently called to his atten-
tion suggests that the Federal Government had a duty
to promote the general welfare by broadcasting this
useful bit of information."

That example is from among scores of Federal
ventures into the application of science. Clearly
the Federal Government has long been involved,
and the mandate has not been based solely on mili-

Fairand, Max, "The Records of the Federal Convention of
1787" (New Haven, 1911-1937), p. 12, as taken from American
State Papers, misc., I, 45.

tary preparedness. Instead, from the begi
there has been the implied, and often express
conviction that science and knowledge should be
exploited by and for all mankind.

One of the more forceful argtunents for Govern-
ment involvement in programs to channel new
technologies into civilian applications rests on the
dual points that (1) the Government is the gen-
erator of the vast bulk of new science and tech-
nology ; and (2) a significant potential use for the
new technology is in activities generally considered
to be wholly or partially in the public sphere. This
case was stated as follows by the National Acad-
emy of Sciences :

It is clear that with increased urbanization and
industrialization, our country is developing a num-
ber of problems that can only be faced on a national
basisfor example, education, air pollution, water
resources, weather forecasting and control, pesti-
cides, radioactive wastes, public recreation, natural
resources, air traffic control, highway safety, and
urban transportation. The degree of Federal re-
sponsibility in these areas will always tend to be
a matter for political debate. However, there is
greater consensus on the Federal Government's re-
sponsibility for seeing that the foundations of knowl-
edge are laid in these areas than on its operational
responsibility. Research related to social goals tends
to be recognized as a Federal responsibility even
when operation or regulation is delegated to the
State or local level or left to private enterprise."

Another frequently heard argument is that the
Federal Government should support vigorous ef-
forts to transfer technology bwause it has a
responsibility to the taxpayers to ensure the opti-
mum return on the public investment in research
and development. While the goal is desirable,
the logic of the argument is debatable. If the
secondary beneficiaries of the new technology can
make optimum use of it without artificial stimula-
tion, then Government assistance would not seem
warranted. History shows, however, that opti-
mum use is not likely to occur naturally. A d
history proves quite emphatically that there will
likely be a longer timelag between development
of new technology and its civilian application via
natural processes than would occur with some
form of catalytic action.

Although the existence of some Federal re-
sponsibility in this area seems beyond doubt, there
is a serious question of degree. Since two-thirds
of all R. & D. work is supported by Federal funds,
the Govermnent clearly has a responsibility to
make the results of this work available for the
widest possible use. However, how far should the
Government go, not only in making fmdings
available, but also in selecting and tailoring re-
ports for most effective use by private enterprise

=Basic Research and National Goals, a report by the National
Academy of Sciences to the Committee on Science and Astronau-
tics, Washington, D.C., March 1965.
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and even in promoting the receptivity of private
enterprise for utilizing the advanced technology ?

Science and technology can flourish only if each
scientist interacts with his colleagues and his
predecessors,_ and only if every branch of science
interacts with other branches of science; in this
sense science must remain unified if it is to remain
effective.

Inasmuch as the Federal Goverment now sup-
ports three-fourths of all science and technology
m the U.S., the Government bears heavy responsi-
bility to prevent our scientific-technical structure
from becoming a pile of redundancies or contra-
dictions simply because communication between
the specialized communities or between members
of a single community has become too laborious.
Moreover, since good communication is a neces-
sary tool of good management, the Federal Gov-
ermnent, as the largest manager of research and
development, has a strong stake in maintaining
effective communication.

Almost everyone who has seriously studied the
question agrees that the Federal Government has
some responsibility in bringing about secondary
applications of technology generated via public
funds. The question is the degree to which the
Government should go. This is one of the many
areas in our economy where it is difficult to get
programs underway bwause of the confusion be-
tween the proper roles of the public and private
sectors. These difficulties seem greatest in areas
where the responsibility is shared. Technology
transfer is clearly one of them. And the preo3-
dents for successful sharing are few.

With the hope that existing programs might,
in composite, show some pattern of legislative
understanding of the degree of public responsi-
bility in this arena, the authors spent considerable
time examining the more significant ongoing pro-
grams in the various Federal agencies whose

statutory responsibility embraces technology
transfer efforts to any significant degree. Pro-
grams were studied in the following agencies :

De artment of Agriculture.
O ce of Science Information Service, National

Science Foundation.
Defense Documentation Center.
Atomic Energy Commission.
National Aeronautics and Space Administra-

tion.
Clearinghouse for Scientific and Technical In-

formation, Institute for Applied Technology, Na-
tional Bureau of Standards, U.S. Department of
Commerce.

National Library of Medicine.
Office of Technical Resources, National Bureau

of Standards, U.S. Department of Commerce.
Science Information Exchange, Smithsonian

Institution.
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National Referral Center, Library of Congress.
Small Business Administration.
Government Printing Office.

The various programs currently underway
within Federal agencies range; in degree of Gov-
ernment participation toward achievement of tech-
nology utilization, over a very broad spectrum.
In fact, several orders of magnitude in terms of
level of effort and level of support involved sep-
arate the programs of some agencies from those of
others. And within some agencies, several differ-
ent levels of effort are apparent.

Obviously, there is a need for a more clearly
defined national policy in regard to technology
channeling efforts. Let us pose the potential role
of Government in the process in terms of eight dis-
tinct levels of effort, all representative of ongoing
programs in one or more agencies at present.

Should the responsibility of the Federal Govern-
ment end with:

Publication, i.e., making the results of research
and development available (as in libraries, deposi-
tories, and journals) for interested parties, but
placing the full burden of discovery and use on
the potential user ?

Bibliographic control, i.e., making it eas7 for the
interested parties to seek out relevant publications ?

Dissemination, i.e., actively delivering relevant
publications to interested parties?

ommwnkation, which hnplies some personal
(versus only paper) involvement in defining the
needs and objectives of the user and seeking to
match specific technical information to those needs,
so that understanding is achieved ?

Education, which implies not only communicat-
ing specific information but also building the back-
ground of the recipient ol: the information to a
level where the relevant information can be more
effectively utilized ?

Encowrag ement, i.e., actual continuing consulta-
tion with the user of the information to promote
utilization ( versus transfer, per se) of the tech-
nology ?

Assistance, i.e., Government aid in adapting
technology generated for a Government mission to
make it useful for nongovernmental purposes
(or one Government agency pting its technol-
ogy for the use of another 1: .:rnment agency) ?

Development assistance, 1. ilich implies Govern-
ment action to add to the knowledge base and de-

velop new technology specifically to meet needs
and objectives in the civilian economy?

National policy in regard to technology utiliza-
tion programs has been established in an ad hoc
manner. Perhaps the time has come to reexamine
all such ongoing programs to determine the value

of each hi relation to the accepted or recommended
responsibilities of the Federal Government.
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It is not recommended that any national policy
limit governmental involvement to any one of the
eight levels of effort outlined above. To do so
would be to place undue emphasis on some sources
and uses for technology and too little emphasis on
others. Certainly, it would seem that the Federal
Government has a legitimate role in developing
weather satellites and medical research equipment
(the ultimate level of Government involvement)
and at the same time it has some responsibility
for making available (perhaps only by storage)
the results of its seemingly least useful R. & D.

What is recommended is that a national policy
spell out the conditions under which Federal agen-
cies should conduct, foster, or support programs
at each of the various levels.

But before any such policy can be established,
certain questions should be considered. Among
these are :

To what degree, if at all, can known innova-
tors employed by Government agencies be diverted
from their primary missions to assist in the trans-
fer of technologyby, for example, speaking at
seminars (dissemination) ; by conducting short
courses (communication) ; by serving on task
forces to adapt mission-generated technology to
uses by other Government agencies (interagency
assistance) ; by giving advice and counsel to scien-
tists and engineers in private companies and other
governmental bodies who have a demonstrated ca-
pability to utilize it (encouragement) by sabbat-
ical leave to champion an area of technology; by
personal in-house development of innovations not
oriented to the mission of the employer agency
(development assistance) ?

To what degree should control of technology
transfer efforts be centralized ? This question ap-
parently cannot be answered on the basis of avail-
able information and should be the subject of
detailed and careful study.

How can technology relevant to the problems
and objectives of external groups be identified by
the originating agency ? This function is, of
course, mandatory for the success of a technology
transfer program. One approach used by
NASAstationing "technology utilization offi-
cers" at facilities responsible for the generation of
technologyhas been effective. Should other
agencies be encouraged to select capable personnel
to perform a similar role?

Much of the science and technology generated
by Government is of a very complex and sophisti-
cated nature. In its primary formthe technical
reportit frequently is readily understandable
only by scientists working in the same specialty.
But external utility might be in industries or disci-
plines much different from that of the researcher
who generated the technical report. Should Gov-
ernment serve an interpretive function in such
cases?

Efforts to effect the utilization of new tech-
nology for economic advancement would be greatly
enhanced by a better understanding of the proc-
esses and varying modes by which new ideas be-
come accepted and innovations adapted in various
organizations expected to use the results of Gov-
ernment research and development. Sufficient
fragmentary evidence exists to permit the formu-
lation of several hypotheses. Detailed analysis
should be made of the innovative process and
seozching study of the environmental factors that
contribute to entrepreneurship. The results
would be extremely useful in developing the most
effective means of channeling new technologies in
promising directions.

Smaller businesses, which generally have lim-
ited scientific and technical resources, pose a spe-
cial problem for those concerned with the nongov-
ernmental utilization of Government-sponsored
research results. NASA, for example, has de-
signed its technology utilization program in such
a way that much of the dissemination activity will
eventually be self-supporting (i.e., paid for by the
beneficiary rather than the originator of the tech-
nology). But smaller businesses have difficulty
justifymg expenditures for this purposeeven
though th.e cost is relatively low. (The larger or-
ganization generally not only has better inhouse
capability to interpret and understand the implica-
tions of new scientific information but also has a
broader technology consumption pattern, i.e., its
technical interests are less specialized, generally,
than those of the small company.) Effective, low-
cost means of serving the needs of smaller busi-
nesseswithout subsidizing them in opposition to
the principle of open market competition vis-a-vis
the large companies they compete withshould be
explored. Currently, NASA. and AEC have un-
derway joint experimental programs with the
Small Business Administration. These programs
may provide some understanding of how to cope
with the seemingly special needs of smaller
business.

In effecting technology utilization it is impor-
tant to have a thorough defmition of what tech-
nology is available for use. This demands efforts
to pinpoint innovations and new knowledge, to
describe such innovations and. knowledge in terms
understandable to potential users in. many indus-
tries and disciplines, and to arrange all such
knowledge in a system that permits the potential
user to find what he wants without having to sort
through a lot that he does not want. (Because of
sheer volume, this argues for computerized sys-
tems and for switching devicas among various sys-
tems.) This is necessary for even the lowest
levelspublication ar d bibliographic controlof
Government involvement in true technology trans-
fer (as differentiated from mere publication).
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The most effective forms of technology utili-
zation demand a personal champion of the tech-

nology. This argues for wider use of a type of

specialized information center not commonly
found, i.e., a center staffed by articulate, knowl-

edgeable, adaptive, extrapolative "missionaries"
wbo can communicate an understanding of new
technology and encourage its use. While the cost

of such efforts should be borne in large part by the
users, the initial investment is heavy. Should the
Government help with "startup" costs ?

Most potential users of Government-gener-
ated technology seem unaware of the channels
through which such technology can be made to
flow to them regularly. There appears to be a
need for local or regional "referral centers," to
which any qualified seeker of knowledge can turn
for guidance in obtaining that knowledge. Such

centers might function as pipelines to smooth and
expedite the fiow of new technology into promis-
ing potential applications.

o readymade answers of substance exist for
any of those complex questions. All demand care-
ful study which should probably involve the tech-

nology's originators (for example, DOD, AEC,
NASA, NSF, and NIH), its potential users (pri-
vate industry? Federal, State, and local govern-
ment, and universities), those with experience in
transferring technology (for example, research in-
stitutes, universities, and publishers) , and those

who must, in the encL determine policy

(legislators).
When a national policy has been decided upon,

the question may still remain as to where ideally
to house the function or functions within the Fed-
eral Government.

It is highly likely that a single agency to per-
form the function would not be the best solution.
Too many different levels of activity and kinds of
mechanisms will be required for effectiveness to
permit such an easy answer. Centralizing the re-
sponsibility would also probably place the obli-
gated agency in a most uncomfortable position
vis-a-vis other Federal agencies. To transfer tech-
nology, one must have some technology to trans-
fer. For one agency to police the activities of oth-
ers to the deg,ree necessary to ensure the reporting
of new technology would seem to place the entire
program in jeopardy. (Discussions relevant to
this issue have occurred in relation to the estab-
lishment of a National Research Data Processing
and Information Retrieval Center 34 and to the
oft-proposed establishment of a department of
science.) 35

34Hearings before the ad hoc Subcommittee on a National Re-
search Data Processing and Information Retrieval Center of the
Committee on Education and Labor. U.S. House of Represent-
atives, May, July, and September, 1903.

33This proposal has been debated at various times for 85 years.
In the 1880's, it was proposed and the issue resolved by the
Allison Commission. a ,Toint Congressional Commission, which
concluded that the Government's scientific establishment and the
scientific community in the universities had already grown too

complex for such a change in organizational structure.
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While it might readily be feasible to assign some

abstracting, indexing;, publishing, referral, and

document dissemination functions to a central

agency, intensive efforts that demand inhouse
adaptation and development as well as thorough
understanding of the technologies involved are
probably best left to the agencies originating the

technology.
Between those two extremes (represented on the

one hand by the Clearinghouse for Scientific and
Technical Information and on the other by the
Atomic Energy Commission's fostering of civilian
nuclear energy generating capability) lies much
around for debate. It is possible that social in-
ventions of a high order will be needed to meet the
requirements of effectiveness and efficiency. Cer-
tainly, such recently established efforts as the
AEC's Office of Industrial Cooperation, NASA's
Office of Technology Utilization, and the Com-

merce Department's State Technical Services Pro-
gram will provide valuable empirical evidence
some years hence of the relative effectiveness of

various experimental approaches. Meanwhile, in-

teragency cooperation and exchange of knowledge
gained should be encouraged, and organizations
such as COSATI might be assigned some respon-
sibility for collecting and synthesizing the lmowl-

edge gained through these programs.

Some Existing Programs

This section reports on some existing Federal
programs to channel technology or technical in-
formntion or documents from originator to poten-

tial user.
While no existing program shows promise of

becoming a full answer to the need for a mecha-
nism to channel new technologies in promising
directions, several programs are providing valu-
able experience in the design of better systems.
Some of them can likely become components of a
national system that might be designed at a
future date.

Following are reports on some of these pro-
(trams :

Science Information Exchange. A component of

the Smithsonian Institution, SIE is funded prin-
cipally by the National Science Foundation. It is
primarily an inventory of current and ongoing
research tasks. It can therefore tell a pruticing
scientist or engineer who is working in his field
and supply a brief sketch of what these investi-
aators are doing.

SIE's main method of operation is to obtain
copies of detailed proposals or work statements
for R. & D. from various Federal agencies,
write descriptions of tasks expected to be per-
formed, and categorize the tasks in terms of the
various disciplines and topics to which the re-
search might be relevant.
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STE was established to serve R. 85 D. program
managers in Federal agencies, helping them to
avoid duplication, establish priorities, maintain
balances among related research fields, locate
special research capabilities, and perform other
useful tasks.

The existence of the information, however, al-
lows SIE to perform a kind of technology transfer
function in that SIE will tell any qualified scien-
tist or engineer who is working in specific fields of
interest. SIE thus serves a referral or clearing-
house functionor acts as a coupling mechanism
among technical men with similar interests in dif-
ferent disciplines, industries, sectors, and regions.

SIE got its start in 1949, when rapidly ex-
panding Government programs in medical re-
search caused several agencies (NEI,. ONR, and
others) to establish voruntarily, via interagency
agreement, a Medical Sciences Information Ex-
change. In 1953, the mission was broadened to
become the Bio-Sciences Information Exchange,
and the Smithsonian Institution was asked to run
the.program. In 1960, the mandate was enlarged

into clude the physical sciences and the organi-
zation was renamed the Science Information
Exchange.

Since 1949, the Division of Life Sciences has
accumulated approximately 300,000 records of
research grants, contracts, projects,and tasks. In
1962, the Division of Physical Sciences was or-
ganized and began the collection of information
on current basic and applied research in chemistry,
physics, mathematics, earth sciences, materials,
electronics, and engineering sciences.

SIE differs sigmficantly f-rom library, documen-
tation center, and technical reference service op-
erations in a number of respects. SIE is con-
cerned only with records of research, planned or
in progress. It does not receive progress reports,
abstracts, or other forms of published research re-
sults. All information is supplied to SIE on a
voluntary basis.

Information about each research task is regis-
tered on a single-page Notice of Research Re-
port by SIE professional analysts with the follow-
ing information :

(1) The name of the supporting agency, sup-
porting bureau or office and, if it is multiply
funded, the cosponsors; (2) a specific title for the
project ; (3) the names, departments, official titles,
and locations of professional people engaged on the
project ; (4) the name and address of the institu-
tion conducting the research ; ( 5) a 200-word sum-
mary of the proposed or undertaken work ; (6) the
specific location where the work is being done; (7)
the startup date for the research and planned
conclusion date; and (8) the annual level of effort
in dollars.

The 200-word summary of 11:!, research is in-
dexed with 1 to 45 descriptiT - words for each
project.

In the life sciences, Dr. Monroe Freeman of
SIE estimates that 90 to 95 percent of all the re-
search underway-45,000 to 50,000 tasks annu-
allythat is of a federally funded nature is
brought into the SIE information stream. Com-
prehensive coverage of the physical sciences has
not yet been achieved.

In addition to its referral function, SIE pro-
vides other kinds of services. These are :

1. Preparation of catalogs. There are two types
of catalogs : the first is a listing of all projects
supported by a single agency with the projects
ind.exed according to a predefined method estab-
lished by the sponsoring agency. In the second
type SIE has the job of collection and the major
intellectual task of organization and editing.
These catalogs are multiagency and multidiscipli-
nary. A good example is the water resources
catalog prepared at the request of the Department
of the Interior and now being sold by the Gov-
ernment Printing Office. Catalogs are prepared
by SIE for Government agencies only. However,
at the option of the requesting agency, they may
be provided to the public through the Govern-
ment Printing Office or in some other fashion.

2. Compilations. These are computer printouts
of work in a given field. For example, a job cur-
rently in progress involves preparing a compila-
tion to show all work underway relating to the
mobilization of urban resources.

3. Specific topical searches. Where a scientist
or engineer wants to learn who is working in his
specific field, SIE will provide a summary sheet
for each ongoing project in that field.

4. Name searches. This is provided to program
managers and project officers in Federal agencies
to help them select grantees and contractors and
allocate research priorities. For example, a pro-
gram manager or an awards committee in a Fed-
eral agency may have 150 applications for grants
whose names they send to S1E. SIE will conduct
a computer search of all its information and tell
how many ongoing research projects each grant
applicant has, in what agencies, at what level of
funding, how far toward completion they are, and
other salient information.

During 1964, SIE answered 5,000 questions of
the type 3 kind, and during the last 12 months, it
supplied about 1 million full-text copies of sum-
mary sheets of ongoing work.

Atomic E'nergy Commission. Since its inception
in 1946, the AEC has had a vigorous program for
the dissemination of unclassified scientific and
technical information to encourage industrial
usage. The Commission has provided consulting
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services, training, and other assistance to the nu-
clear industry.

Recently, A.EC decided to extend the boundaries
of its industrial cooperation program to encourage
consultation with respect to nonnuclear applica-

,. tions of its nuclear-oriented work and to allow the
use of its facilities, equipment, and services in the
performance of limited research and development
work toward nonnuclear industrial applications.

For that purpose, AEC has established Offices of
Industrial Cooperation to serve as a bridge be-
tween the laboratory and industry. The Offices

are charged with carrying out the following
functions :

(1) To actively search for items of information
and disseminate this information to industrial or-
ganizations.? (2) to be aware of the needs of par-
ticular sections of industry ; (3) to encourage the
industrial participation program ; (4) to arrange
industrial consultation and visits by industry rep-
resentatives; (5) to workwith such local organiza-
tions as now exist which will be suitable for its
general purposes.

The major difference in the AEC's technolc ;y
utilization activities since the establishment of
Offices of Industrial Cooperation is that the lab-
oratories where these offices exist can now make

overt gesturee toward industry to enhance the
transfer of nonnuclear technology resulting from
nuclear R. & D.

The following statement comes from the first
semiannual report of the Argonne Office of In-
dustrial Cooperation, January 1 to June 30, 1965 :
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An observation which occurred quite early was
that the size range of the transfer items in the com-
panies to which technology can be transferred is very
great. For example, a transfer item can be any-
thing from an experimental boiling reactor to a thick-

ness gauge ; or anything from a voting machine to a
Holmium Heat Sink. It can be a finished product
ready for production or an idea. An entire new
company can be created and therefore be a transfer
item as is the man who takes a skill to the company.
The industries involved in this business of technology
transfer may range in size from General Electric
or du Pontcompanies with sophisticated research
capabilities and intereststo a two- or three-mah
production shop with no research capability or inter-
est. This means that the system which is set up to
transfer technology from Government research to in-
dustry must be flexible and versatile enough to cover
these wide ranges.

It is also observed that there are two essential
components of technology transfer. These are an
automated information retrieval and dissemination
system and a personal contact. The information pile-
up has become so great that information is essentially
lost unless a selective dissemination system is per-
fected. In addition to the identification and location
of information, there must be a personal contact be-
tween the source of information and the industrial
user. This personal contact serves several functions.
He ean help locate information, aid in adapting it for
use, and probably more important, convince the in-
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dustrial user that the available information could pos-
sibly be of use to him.

In the Atomic Energy Act oi 1954, the Congress
established policies that bear upon makMg avail-
able to industries, for nonnuclear uses, the results
of the AEC's research, development, and industrial
operations. Section I of the act declares it to be
the policy of the United States that :

The development, the use, and control of Atomic
Energy shall be directed so as to promote world
peace, improve the general welfare, increase the stand-
ard of living, and strengthen free competition )11. pri-
vate enterprise. . . . The dissemination of scientific
and technical information relating to atomic energy
should be permitted and encouraged so as to provide
that free interchange of ideas and criticism which
is essential to scientific and industrial progress and
public understanding to enlarge the fund of technical
information.

In keeping with that national policy, the AEC
strongly supports the objective of assuring the
maximum availability of results of Government-
generated research for beneficial use of the civilian
economy. Reports Dr. S. G. English, assistant
general manager for research and development,
AEC:

Cur national laboratories and other principal con-
tractors have been encouraged to take all reasonable
steps to promote the transfer of the results of AEC
technological developments to the civilian sector. In
1964, a copy of the implementation of this policy was
extended beyond application for nuclear-oriented pur-
poses into the area of potential use for nonnuclear
purposes. This underscores our recognition that our
ideas, inventions, developments, processes, techniques,
materi:ls, equipment, instruments, etc., which resulted
in AEC research and development should be available
for use throughout the national economy.

The AEC has been using 13 different means of
transferring the results of its R. & D. efforts.
These areas were recently reported upon in an
AEC study of its technology transfer activities,
and excerpts follow :

DTI Services. AEC's Division of Technical
Information is the onlyAEC information program
which has a specific "line-item" budget appropria-
tion. Its most important services are :

Publication of five quarterly Technical Progress Re-
views dealing with civilian power reactor and isotope
technology.

Publication of the semimonthly Nuclear Science Ab-
stracts, which is the world's most comprehensive ab-
stracting and indexing service devoted to nuclear
science and engineering.

Publication of 12 to 15 books and monographs per
year.

Management of the Engineering Materials Program,
which makes available drawings, specifications, and
design criteria.
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Management of ABC's publication distribution net-
work.

Coordination with other Government agencies, in-
cluding the Clearinghouse for Federal Scientific and
Technical Information.

Topical Reports. AEC encourages contractors
to publish topical reports, which are often annual
reviews of the status of programs at the various
sites.

Technical Journals and Meeting Papers. Al-
most all of AEC's contracts provide specific en-
couragement for scientists and. engineers to pub-
lish unclassified fmdings in the open literature.

Trade Journals. Probably the most widely read
items of technology are those which appear in
trade journals. This is an attractive mechanism,
for more than others it tends to get the right kinds
of information to the right people. AEC-funded
technology naturally appears in journals specializ-
ing in nuclear development. Only occasionally
does it appear in others, such as those in the metal-
working field or those more business oriented.

Seminars and Information Meetings. Almost
all AEC facilities conduct regular seminars and
information meetings. However, only a limited
number of such meetings have been held for the
express purpose of transferring AEC-sponsored
technology to industry.

Advisory Boards. There are currently 21 com-
mittees and boards which provide advice and guid-
ance to AEC. Most of these advisory committees
are concerned with specific programs or problPms,
such as Nuclear Cross Sections Advisory Gro;ip,
Computer Advisory Group, Reactor Physics, Bi-
ology and Medicine, etc. The members of the
committees are leaders in their respective fields,
and as such provide a subtle mechanism for the
transfer of information.

Information Centers. At the present time there
are 12 specialized information centers located
throughout the AEC contractor complex. Each
operates in a very specific, very narrow' range and
is designed to be the most complete repository of
information in its field.

Consultation Services. AEC policy provides
for several types of consulting services to industry
on a nondiscriminatory basis. One type, offered
without charge and more properly identified as a
conferring service, is short term; for example, the
need for clarifying information on requests for
bids, or an inquiry relating to a published article.
When formal consultation is required, such as in-
volving the solution of a specific technical prob-
lem, a somewhat more regulated approach is used
and costs are recoN3red by a system of fees estab-
lished by AEC.

Work for Private Industry. To meet its own
program needs, AEC has established certain
unique facilities. AEC's policy as expressed in

Immediate Action Directive No. 7600-2, Septem-
ber 14, 1964, encourages the use of these unique
capabilities by private industry insofar as : (1)
It would not aclversely affect AEC's programmatic
work ; (2) it would be conducted on a nondiscrim-
inatory basis; (3) it would be provided on a full
cost recovery basis wherever practicable ; (4) it
would act to provide "effective" technology trans-
fer ; (5) it would apply only with respect to AEC's
unique or special capability.

Access Permit Program. Since 1954 the AEC,
under its Access Permit Program, has made avail-
able classified information to individuals and com-
panies engaged in the civilian use of atomic en-
ergy. This is accomplished through plant tours,
briefings, and the furnishing of reports and draw-
ings. At the present time there are about 550 Ac-
cess Permits in effect; in almost every case the
permit holder must bear the cost of obtaining
security clearances.

Vendor Subcontracts. The vendor-buyer re-
lationship is an excellent means of technology
transfer. To begin with, the circulation of re-
quests for bids informs manufacturers of chang-
ing requirements. Although the direct kne w-how
is transferred to the successful bidder, there is
usually an appreciable gain in the state of the
art for the entire industry.

News Releases. News releases by AEC and its
contractors are an important method of informa-
tion dissemination. While they do not contain
detailed technology, they are useful to highlight
the existence of new developments and provide
references for further contact.

Patent Policy. The AEC's patent policy is to
ensure that atomic energy technology, developed
with public funds is made available freely to all
U.S. citizens.

NASA Office of Technology Utilization. The
Space Act of 1958 charged NASA with the ob-
ligation to "provide for the widest practicable
and appropriate dissemination of information
concerning its activities and the results thereof."

In response, NASA has evolved a program
under an assistant administrator for technology
utilization to identify new technology resulting
from the agency's broad ranging R. & D. ppgrams,
to report it, where practical, in industrial term-
inology, and to communicate it to civilian organi-
zations through several mechanisms, including re-
cional dissemination centers.

The NASA Technology Utilization Program
draws upon a resource provided by the Scientific
and Technical Information Division, which col-
lects (on a worldwide basis), abstracts and indexes,
and brings under bibliographic control published
and unpublished literature relating to aerospace
activities. Thus, the information bank available
for the NASA technology utilization effort is
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broader than the results of NASA research and
development alone.

The NASA technical information collection now
totals about 200,000 documents and is increasing at
the rate of about 5,000 items per month.

At the same time that incoming reports are being
processed for aimouncement, a copy of each report
is microfilmed (on microfiche) by the NA.SA
Scientific and Technical Information Division
(STID). This permits the contents of 1,000 aver-
age-size reports to be contained in a shoebox.

The reports are indexed in great depth on mag-
netic tape to permit literature searching by com-
puter. The tapes are updated twice monthly, per-
mitting retrospective searching from a variety of
viewpoints. This also forms the basis of the
NASA. Selective Dissemination of Information
Program (SDI), a computer-based system for
notifying individual scientists and engineers of
new reports and journal articles of value in their
particular work. SDI can be likened to a library
run in reverse, where people (i.e., their specifically
defined interests) are catalogued as well as acquisi-
tions. As new reports are received, they are
matched against the interests of individual users.

NASA is currently beginning an experimental
program to examine the feasibility of giving scien-
tists and engineers remote access to the computer-
ized information bank to permit them to "browse"
and search as they desire on a time-sharing basis
via remote consoles connected to the central com-
puter.

The major program elements of the NASA Tech-
nology Utilization Division are : (a) Identification
of industrially relevant new technology ; (b) eval-
uation of that technology to determine its signifi-
cance and import; (c) publication of especially
useful new information in industrially oriented
language and format; and (d) dissemination of
the information via traditional means and via
reolonally deployed contracting organizations
(universities and research institutes) which match
the new technology to the needs, interests, and ob-
jectives of organization in their regions.

The identification function is performed at
NASA field centers primarily by technology utili-
zation officers who monitor ITASA research and
development work at the centers and in contractor
organizations to Ezntify useful new technology.
Important new technology is reported in the form
of a "flash sheet" and described in considerable de-
tail with potential nonspace applications sug-
gested. The flash sheets are then sent to research
institutes under contract to NASA where the re-
ported innovations are evaluated to determine
their significance, novelty, and industrial rele-
vance. Innovations that pass this screening are
published in one of two formats : (a) As Tech
Briefs, one- or two-page bulletins ; or (b) as Tech-
nology Utilization Reports, lengthier documents
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covering in detail innovations deemed especially
significant and useful for secondary purposes.
(Approximately 150 industrial inquiries are gen-
erated, on the average, by each Tech Brief.)

In addition7 the NASA Technology Utilization
Division publishes new technology information in
(a) Technology Utilization Notescollections of
groups of innovations in a given field, such as Se-
lected Welding Tips; 1.13s) Technology Surveys
state-of -the-art reports on aerospace contributions
to entire areas of technology, where the space pro-
gram has brought about a significant increase in
the available imowledge in a given area. Surveys
published thus far include Advanced V aye Tech-
nology, Inorganic C oatings, Plasma Jet Technol-
ogy, Microelectronics in Space Research, Magnetic
Tape Recording, and Hazardous Materials Han-
dling (surveys are prepared under contract by au-
thorities in the fields to be covered) and (c) spe-
cial publicationshandbooks, conference proceed-

special studies, and selected bibliographies.
AgA's eight experimental regional dissemina-

tion centers are special coupling mechanisms at
the local level. The centers are: (1) Midwest
Research Institute, (2) Indiana Umversity, (3)
Wayne State University, (4) University of Mary-
land, (5) University of Pittsburgh, (6) North
Carolina Science and Teclmology ResearchCenter,
(7) Southeastern (Oklahoma) State College, and
(8) University of New Mexico.

Each center offers a variety of services toprivate
companies or other organizations in their regions:
Among the services are :

Application Engineering. Prof essional_person-
nel in the regional dissemination centers (RDC's)
help company technical people define their prob-
lems and objectives.

Retrospective Searching. Each RDC either has
a computer or obtains computer service from
another RDC. A. corporate engineer can pose
his question to the RDC, whose personnel will
devise a search strategy and conduct a retrospec-
tive literature search via computer to seek relevant
information.

Selective Dissemination. Each RDC builds an
interest profile for its "customers." This is a
description of each person's (or organization's)
continuing. interest in language compatible with
the NASA Technical Information System. As
each new computer tape with references to the
latest NASA technical information is made avail-
able to the RDC, interest profiles can be matched
against the descriptors on the tape and a set of
references with abstracts will be called out by
the computer for each person being served.
Thus technical people can be continuously updated.

Other Services. RDC's also bring about the
coupling of new technology and potential new
application by conducting occasional conferences
and seminars, which bring companies into contact
with leading scientists and engineers in. NASA
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centers, NASA contractor organizations, and else-
where. The RDC's also perform a referral func-
tion, leading customer companies to sources of ad-
ditional infOrmation and to individuals in NASA
who can provide them with needed information
in depth.

The dissemination portion of the NASA Tech-
nology Utilization Program is designed to be
eventually self-sustaining via users' payment
of fees for services rendered. Membership fees
are based on company size, volume of service
rendered, and other factors, and range from less
than $500 to more than $15,000 per year. More
than 130 companies are now paying annual mem-
bership fees at three centers. At other centers
more than 100 additional companies have paid for
seminar attendance, individual literature searches,
and the like. More than 3,000 companies are
receiving some measure of service from the centers.

Table 2 gives some other measures of the NASA.
Technology Utilization Program :

TABLE 2. SOME MEASURES OF EFFECTIVENESS OF NASA
PRO GRAM

Services
Fiscal
year
1963

Fiscal
year
1964

Fiscal
year
1965

Fiscal
year
1966

Tech Briefs published
T.U. special publications pub-

lished
Active RD C's_

0

0
3

123

9
7

300

11
8

1600

240
10

I projected on basis of first quarter, fiscal year 1966, processing and expected
input from expanded contractor reporting.

projected on basis of first quarter, fiscal year 1966. production of publications
and work in process.

Clearinghouse for Federal Scientific and Tech-
nical Information. Located within the National
Bureau of Standards in the Department of Com-
merce, the clearinghouse is primarily a document
sales agency, but also performs other information
dissemination functions.

It was established in answer to a recommenda-
tion in 1964 by the Federal Council for Science and
Technology that the Department of Commerce ex-
pand its clearinghouse functions, building upon the
Office of Technical Services, then in existence.

The clearinghouse makes available, at low cost,
copies of unclassified and unlimited R. fi- D. docu-
ments resulting from the work of many Govern-
ment agencies. Its principal services are :

(1) Sale of reports (more than 50,000 a year)
based on Government-sponsored R. & D. and sale
of translations of foreign scientific and technical
literature.

The availability of new documents is announced
in several ways : (a) Via mention and abstracting
in Fast Announcements, a new release sheet indi-
cating the availability of significant new docu-
ments and grouped by subject fields; and (b) via
announcement in one of the accepted announce-
ment journals, including U.S. Government Re-

search Reports, which list documents generated
by agencies other than NASA and AEC; Nuclear
Science Abstracts, which lists nuclear science doc-
uments and publications; Scientifw and Technical
Aerospace Reports (STAR), which lists new re-
ports of the aerospace community ; and Technical
Translations, which lists new translations of im-
portant publications originally, issued in foreign
languages. Recently, the clearinghouse has begun
issuing a Governm,ent-Tricle Index, a monthly con-
solidated index to Government-sponsored R. & D.
documented results.

(2) Literature searching services, which have
recently been broadened. Clearinghouse collec-
tions searched include unclassified and unlimite,d
research reports on defense, atomic energy, space,
and other agency projects, as well as technical
translations and information on Government-
owned patents. The service is operated by the
clearinghouse in cooperation with the Department
of Agriculture, the Department of Interior, and.
the Science and Technology Division of the Li-
brary of Congress. The clearinghouse reports that
steps are being taken to make available the litera-
ture resources and specialized information services
of other Government agencies as well.

(3) A referral function is also performed by the
clearinghouse, which is setting up a master file of
information sources in the _physical sciences and
engineering that include Government-sponsored
centers and private industry. The clearinghouse
cooperates with the National Referral Center of
the Library of Congress in providing the service.

(4) Selective bibliographies are also compiled
in many areas of broad interest, such as plastics,
welding, transistors, lasers, etc. A. free list of these
bibliographies can be obtained by, writing to the
Clearinghouse for Federal Scientific and Techni-
cal Information.

(5) Technical information contained in selected
Government research reports is examined, re-
viewed, and "packaged" for industry's use and
distributed to such local groups as universities,
technical assistance organizations, State and
regional economic agencies, professional technical
consultants, and others. The packages consist of
selected abstracts, indexes, literature reviews, and
other information aimed at specific industrial
needs, e.g., metal working, textiles, chemical
processing.

The clearinghouse now has 4,000 subscribers to
its biblographies, with about 80 percent from
large companies. Often, one company represents
a dozen or more subscribers, and for example, one
large Midwestern firm has 119 people subscribing
to the bibliographies.

Fast Annoumements are presently mailed to
20,000 people. Local groupsState chambers of
commerce, manufacturers' associations, consulting
engineering groups, and otherscosponsored im-
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tial meetings with field offices of the Department
of Commerce to explain the program and en-
courage industry use of it.

State Teeknical Services Program (Department
of Commerce). The newest Federal service in
technolozv transfer is based on legislative au:
thority only 6 months old, and, of course, will
likely not reach operational status for some time.
This is the State Technical Services Program,
to develop institutions in the States to dissemi-
nate technical information and otherwise assist
local business and industry- to obtain and make
use of scientific and technical information ema-
nating from federally funded research and.
development.

The purpose of the program is broadly stated
in the enp')Iing legislation as providing "a na-
tional prugram of incentives and support for the
several States individually and in cooperation
with each other in their establishing and main-
taining State and interstate technical service pro-
grams designed to achieve the ends" of wider
diffusion and more effective application of science
and technology in business, commerce, and
industry.

The technical services to be provided by the
State institutions under the program are classi-
fied as (1) preparing and disseminating technical
reports, abstracts, computer tapes, microfilm, re-
views, and similar scientific or engineering infor-
mation, including the establishment of State or
interstate technical information centers for this
purpose; (2) providing a reference service to
pientify sources of engineering and other scientific
expertise; and (3) sponsoring industrial work-
shops, seminars, traming programs, extension
courses, demonstrations, and field visits des;gned
to encourage the more effective application of
scientific and engineering information.

The initial step under the program is the
preparation of a plan and development of a means
of implementing it. Specifically, the legislation
states :

The designated agency [organization within each
State appointed to administer tne program by the
governor] shall prepare and submit to the Secretary
[of Commerce] in accordance with such regulations
as he may publish : (a) A 5-year plan which may be
revised annually and which shall : (1) outline the
technological and economic conditions of the State,
taking into account its region, business, commerce,
and its industrial potential and identify the major
regional and industrial problems ; (2) identify the
general approaches and methods to be used in the
solution of these problems and outline the means for
measuring the impact of such assistance on the State
or regional economy; and (3) explain the methods to
be used in administering and coordinating the tech-
nical services program. (b) An annual technical
services program which shall (1) identify specific
methods, which may include contracts, for accomplish-
ing particular goals and outline the likely impact of
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these methods in terms of the 5-year plan ; (2) con-
tain a detailed budget, together with procedures for
adequate fiscal control, fund accounting, and auditing,
to assure proper disbursement for funds paid to the
State under this act ; and (3) indicate the specific
responsibilities assigned to each participating institu-
tion in the State.

This program, then, is designed to provide local
access to unclassified and unlimited information
generated by Federal R. & D. It will not
permit special tailoring of the information to the
specific needs of the individual user, however, be-
cause the law states that no services may be
specifically related to a particular company, pub-
lic work, or other capital project except insofar
as the services are of general concern to the indus-
try and commerce of the community, State, or
region.

Some Proposed Mechanisms

The application of technology to needs and ob-
jectives in the civilian economy can result in impor-
tant economic, social, and cultural benefits. A.

huge and rapidly growing inventory of scientific
knowledge and technological capability exists in
the United States Ps a result of continuing high
public investment in research, development, and
engineering. Reliance upon traditional processes
for the diffusion of science and technology results
in undesirable lags in the application of that
knowlege and capability in contexts outside the
military/space realm.

It is possible to catalyze the transfer process.
Existing experimental programs have been success-
ful in bringing about some transfer and have pro-
vided an opportunity for learning. But we still
have much more to learn if we are to effectively
create a catalytic effect.

Our ability to bring about technical innovation
appears to have outrur. our capability for social
invention, at least momentarily. "It is a fair
comment that industrial societies have shown little
originality or ingenuity in creating institutions to
ensure that all new ideas will be swept into the net
and that nothing will be lost." 36

In recent years, when at last noteworthy schol-
arly attention has been paid to the question of
technology transfer, it has become increasingly
apparent that new mechanisms must be devised to
perform the transfer or channeling function.

It is now recognized that :

In a society as complex as ours, it would be sheer
coincidence if the producer of new knowledge or abil-
ity should meet with the potential user.

We need intermediaries, variously described as in-
novators, merchandizers, advocates, couplers, entre-
preneurs. No matter what they are called, it is they

N T7ze Sources of Invention, op. cit., P. 9.
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who must match the potential of scientific knowledge
gained through research, the production capability
resulting from engineering development of research
results, the physical needs and wants of society as
interpreted by marketing research and analysis, and
the cultural values of this society as reflected by
economic, social, and political attitudes and activ-
ities. Without them, there will be haphazard match
at best between the means and ends!'

What is being demanded are mechanisms that
will take the technology to the potential user rather
than to hope that the potential user might seek out
or stumble across the technology. That implies
making available relevant and accurate informa-
tion to the potential user in a language and form
that he understands, at the time when it is useful to
him, in an environment conducive to his accept-
ance of it.

A. competitive free enterprise system works in
favor of the application of new technology. The
pressures of the marketplace spur the innovative
process. As one spokesman noted : "In today's
economy., if you can't say your product is 'new and
improved,' you had better be ready to say '20 per-
cent off.' " But motivation and desire are not
sufficient conditions for solution of the problem.
The desire to keep from drowning does not always
teach a man to swim.

In an earlier time, when the technology was less
complex and less voluminous the technically
trained entrepreneur was able tO seek out the in-
formation he needed. That capability diminishes
each day.

The pace of technological change, the volume of
new technology being generated, the multidis-
ciplinary impact of teclanology, and the multi-
plicity of diverse uses for new lcnowledgre, create
a need for social invention. Doingless leaves us
in a defensive rather than an offensive posture in
relation to change.

The unmet human and community needs with
which we are most concerned today have ene com-
mon element: Their solution, in a technoloffical
sense will be largely dependent on the ability af
privae companies to muster all of the required
technology and apply it in a highly specific
fashion.

No one doubts the ability of existing corpora-
tions to design systems to solve many of the prob-
lems. But these will not be the optimum systems
imless all the reasonable alternatives can be
examined.

The develop
iment

of a desirable mass transit sys-
tem depends, n the end, on an ability to make the
best bearings and seals, the best low-cost auto-
matic control systems, the most efficient air-con-
ditioning equipment, the most effective sound and
vibration damping, and other related hardware
items.

31 Schrier, op. cit.
3s Gadberry, op. cit.

Thus, the channeling of new technologies to
teclmical people in private companies must be the
central objective of any effective technology trans-
fer program. As Sumner Myers noted :

An invention might be conceived in or out of a
business firm. It may be perfected in or out of a busi-
ness firm. But, sooner or later, if it is to be introduced
into the economy, this will be done through a business
firm.3a

Perhaps social invention is required on two
planes : One, to get new technology to those private
companies who can apply it, both as a means of
speeding economic growth and as an essential
element in the solution of public problems, via a
system responsive to the needs of individuals in
the technical community ; and two, to aid, from a
systems viewpoint, in creating the means or an
effective market for applying new solutions to our
problems.

For example, the many technological inputs use-
ful in the design of better air-pollution control
devices need to be channeled to private companies
serving that market. Secondly, a means must be
devised to bring together all the fragmentary in-
fluences which will determine whether new control
methods are indeed put to use.

To solve effectively, for example, the air pollu-
tion problem in any metropolitan area demands
the cooperation of the many municipalities, coun-
ties, and, other political subdivisions that make up
that metropolitan area. In some cases (the New
York, Kansas City, and Cincinnati areas, for ex-
ample), more than one State is involved. Solving
the water pollution problem in Lake Erie and
making maximum use of that natural resource
must involve two countries, eight States, and un-
counted local governmental bodies.

The greatest motivation for the use of new tech-
nology is the existence of a market to which it can
be applied. But how can private industry be ex-
pected to make huge investments in the engineer-
ing effort required to convert new technological
knowledge into practical hardware when there is
not the least assurance that the resulting devices
can be sold at a profit? Thus, an apparent need
arises for social innovation at the market level.

Some entrepreneurial efforts of this type have
been accomplished. One good example is the
School Construction Systems Development Project
in California, where advanced building design con-
cepts are being applied because several school dis-
tricts indicated a willingness to buy the resulting
product. The entrepreneurs involved created a
market of sufficient size to justify the investment
by several private companies in the engineering
of advanced building components and subsystems.

It must be remembered that technology does not

3'Myers, Sumner, 'Attitude and Innovation," International
Science and Technology, October 19135.
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occur in readily usable packages. To solve a spe-
cific problem in one context may demand the _pull-
ing together of technology developed for a dozen
other purposes, its adaptation to the specific situa--
tion (at considerable cost), plus, often, the inven-
tion of additional technology. Making effective
use of new technolog7 often requires more invest-
ment and more creative ability than did the crea-
tion of that technology in the first place. The com-
petitive market is an exceptionally fine mechanism
for bringing about that investment and applica-
tion of ingenuity. But the marketplace has not
been able to function effectively in relation to the
pressing urban problems of today. The influences
that would create a market are so fragmented that
no market has been shaped or defined.

Where a problem exists, there generally is eco-
nomic opportunity. Where there is economic op-
portunity, private business should be capable of
response. B:ut in the case of most urban problems,
there is a missing linka defmable, responsible
consumer.

Perhaps a related reason why these problems
have not been solved is that a highly sophisticated
systems approach must be employed for factors
to be considered are many and in dynamic rela-
tionship. The systems capability required exists
in few places outside the space/military sphere.

That khid of reasoning stands behind the ex-
perimental programs underway in California
where large private companiesaccustomecl to
working on space/military problemshave been
asked to consid.er questions like the control of crime
and delinquency.

When the State of California decided to sponsor
four studies of such earthly problems, more than
50 companies, mostly from aerospace, competed
for the four $100,000 contracts. That each win-
ning company has reportedly spent more than
twice that amount in consideration of the prob-
lem indicates the responsiveness of private indus-
try to the existence of a market.

Our problem, it seems, is that we have not been
able to convert, our unmet human and community
needs into definable markets that would be recog-
nized economic opportunities. Senator Gaylord
Nelson has recently proposed studies similar to
those in California on a national scale. In intro-
ducing the proposed legislation (S. 2662), the
Senator noted, in part:

It would be highly in the national interest to begin
devoting a portion of the talents and brains of our
defense and space industries to other national goals
of a great society. This would require no diminution
in either our defense or space commitments. We can
do bothwe can have guns and butter ; we can have
a moon shot and a national plan for the abatement
of pollution ; the Polaris project is not incompatible
with a new and scientific attack on the terrors of
crime. Moreover, the California studies have shown
that private firms can help us achieve this objec-
tive. . . .
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In fact this capability and brain power already
available throughout the Nation is . . . a scientific
weapon of demonstrated power and a source which
represents a high national investment.

Our task is to recognize that we have the scientific
know-how, and the men, to solve almost any problem
facing society. Once we understand this, I am con-
fident we will choose to use the resource; we will
choose to set our highly trained manpower loose not
only on space probes but on down-to-earth problems ;
we will choose to use systems analysis, the computer,
and every modern resource available to us in the
quest for progress.

A. possible ir -wans of using those resources and
at the same time bringing together the fragmen-
tary influences for the solution of urban problems
was suggested at the Engineering Foundation
Research Conference on Technology and Its Social
Consequences, held at Andover, N.H., July 26-30,
1965.4o

The suggestion involves local competitions for
Goverment grants to design systems solutions
to urban problems. Patterned in part after the
AEC's request for proposals on the location of
its proposed nuw linear accelerator, the sugges-
tion would be for the Federal Government to offer
a sizable grantor matching fundsto the win-
ner or -winners of a competition for the design of
systems for mass transportation, waste disposal,
and other urban problems. Proposals would be
submitted by and on behalf of entire communi-
ties.

The demonstration system that would likely be
designed by the winning community with Federal
support would be adaptable to the needs of other
communities.

The value of this proposed mechanism lies
largely in. the ability of such a potential award to
create a recognizable marketto draw together
all the groups within a community who will in-
fluence the solutions to the community's problems.
Thus it is felt that much will be gamed even by
communities that do not win awards because many
diverse interests will have worked together to de-
sign proposals. Such a cooperative effort is seen
as a stimulus to further cooperative efforts, and
would tend to achieve a degree of cohesiveness
and cooperation in many communities that did not
exist before. In part, this is using the systems
concept in a social and political as well as tech-
nological sense.

There is no doubt that a systems approach is
required for the solution of most of the pressing
problems of our urban communities, and it is fre-
quently suggested that companies now serving the
space/military market be encouraged to diversify
into areas where the major problems lie. The
California experiment tends to reinforce that view.

4° Credit for the suggestion must go primarily to Dr. Lyle C.
Fitch, president, Institute for Public Administration, and Dr.
Arthur Weimer of Indiana University.
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Whether such diversification would be the op-
timum approach to solving the problem is debata-
ble, for the record of successful diversification by
defense contractors is meager. Murray Weiden-
baum has pointed out :

Since the end of World War II many major defense
contractors have sought to diversify their operations
into commercial lines of business . . . . These cora-
panies attempted to utilize the technological capabil-
ities developed in the course of their military work
to design and produce a great variety of commercial
items . . . . With one major exception, these diversi-
fication attempts have each been relatively small in
comparison with military equipment. The exception,
of course, is transport aircraft for the commercial
airlines . . . . Other than the few firms selling to the
airlines, the large defense suppliers, especially in the
aerospace field, have reported commercial sales of 1 or
2 percent, or even less over the years. The list of
abandoned commercial ventures is a long and con-
stantly growing one. The surviving efforts continue
generally at marginal levelseither actually losing
money, barely breaking even, or showing profit results
considerably below military levels.`i

Solo has also explored this question :

Differences setting the civilian apart from the
space/military forms of business organizations also
appear to be growing. The two sectors have taken
different paths of development. It is entirely natural
that this should be so, for those who produce and sell
to the civilian market and those who produce weap-
onry control systems, instruments, and components for
the military market operate in quite different environ-
ments, and are shaped by quite different forces. Sharp
variances between two sectors show upin the nature
of risk, in the appropriate ethics and standards of
conduct, in the means of survival and growth, in the
emphasis on the costs of production in the one in-
stance and on performance characteristics on the
other, in the fabrication of the complex, perpetually
changing, prototype in the one and in prerequisite
long runs of standardized outputs in the other, in the
buyer-seller relationships, and in the nature of orga-
nization controls.'2

The problems of defense contractor diversifica-
tion into other areas of endeavor are obviously
formidable, but considering the capability that
exists in such corporations, their ability to con-
tribute to the solution of civilian problems dare not
be lightly dismissed.

Another frequently proposed means of bringing
the knowledge to the needor focusing the capa-
bility on the problemis to encourage the mobility
of technically trained people. It has often been
suggested that sophisticated technologists and ex-
perienced systems analysis from military/space
organizations be "transplanted" to organizations
with marketing know-how in dealing with the

41 Weidenbaum, Murray L., "The Transferability of Defense
Industry Resources to Civilian Uses." Reprinted in Convertibility
of Space and Defense Resources to Civilian Needs: A Search for
New Employment Potenrals, Report on selected readings in em-
ployment and manpower prepared for the Senate Subcommittee
on Employment and Manpower. Washington. D.C.. 1964.

42 Solo, "Gearing Military Research and Development to Eco-
nomic Growth," op. cit.

civilian sector to raise their level of technical capa-
bility.

Allison has reported on that issue :

One of the most serious phenomena we are up
against is the direction in which "people transfer"
goes : For it goes in the wrong directionfrom
civilian to defense. Donald Fink, ex-head of Philco's
research activities, tells how it happens in the elec-
tronics fields: "In electronics there are two groups of
engineers : Those who are still working on consumer
and industrial products and those who have gone on
to Government work. These two groups are quite
distinct and the path from one type of occupation to
the other is strictly a one-way path. They [scientists
and engineers] do not go back because Government
work allows them to work near the frontier of science
and technology; if they are clever and hard-working,
they will, use the proper engineering solution, and it
will be paid for." The result of this, says Fink, is
that technological advance in consumer products is
at a standstill compared with weapons systems. . . .

We are developing scientists and enginers who dc not
know the free enterprise system, because they have
only lived in the Federal Government environniont.43

Most of the evidence gathered tends to support
the conclusion that there is little movement of per-
sonnel between the two sectors. But whether or
not such mobility can be brought about seems be-
side the point. It would certainly not be proper
for the Government to attempt to intervene in the
process by which people choose where they want
to work. Nor does any other means of encourag-
ing such mobility on a large scale seem practical.

While the lack of intersectoral mobility may be
viewed as a problem per se, it represents what may
be an even more difficult problem in the context of
technology transfer, i.e., the difficulty in com-
municating from one sector to the other.

I message is more likely to gain understanding
and response if it fits the pattern of experiences,
attitudes, values, and goals of the receiver. True
communication is dependent on a number of forces,
and the sender of the message can really only con-
trol a few of them. He can shape his message, and
he can decide when and where to introduce it. He
cannot control the environment in which the mes-
sage is received and in which response takes place.
the attitudes and personality state of the receiver,
or the receiver's group relationships, standards,
objectives, and priorities.

The problem has been eloquently described by
:Robert A. Solo :

Rendering articulate the complex and the new is a
most difficult task ; difficult even when those who
would speak together share a common language. And
sharing language is far less the usual case than is
ordinarily supposed. Such a language is no mere
matter of grammar, syntax, and standardized vocab-
ularly. It is also in the habits of thought, in the in-
dividual's points of reference, in his philosophy, his
values, and his experience, in the form of establish-

" Allison, op. cit.
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ing credibility, and in his manner of ordering the
evidence. We speak at each other but we hardly ever
converse. And if the one speaks openly and clearly
of the significantly new, the other must not merely
listen. He must have the capacity to comprehend and
assimilate. He must be able to understand. There
are two sides always, the speaking and the listening,
the giving and the receiving; both require effort and
skill. The communication of significantly new in-
sights, invention, thoughteven between two individ-
uals face to faceis difficult and rare. But how
infinitely more difficult when the communication of
invention or discovery is not from man to man but
from group to group, from company organization to
company organization, from industry to industry,
from sector to sector, from nation to nation, from
social culture to social culture. Language, interest,
outlook, distance, and timesheath upon sheath
separate the thought and perception of one from the
perception and thought of another."

The point is: Any means of channeling new
technologies in promising directions eventually
boils down to communicatmg information on new
technology from its point of origin to its point of
potential use.

Rosenbloom has agreed :

The transfer of technologywhether it be from
person to person, firm to firm, industry to industry,
or government to private enterprisedepends pri-
marily on the exchange of information rather than
upon the exchange of things. In the long run, there-
fore, the fullest utilization of the technological by-
products of military and space development will flow
from a healthy and effective technical information
system. This system is not a single monolithic entity,
but rather is an amalgam of many loosely interlock-
ing institutions and procedures, serving many pub-
lics, concentrating on various aims. Within it, in-
formation is exchanged not only by the storage and
dissemination of documents, but also by many inter-
actions, formal and informal, between people.°

Thus the mechanisms devised to perform the
function will center on the gathering, evaluation,
packaging, analysis, interpretation, categorizing,
extrapolation, assembly, association, handling, and
communication of information.

To perform those tasks well, we must learn con-
siderably more about both man and machine. We
must develop mechanical and electronic tools, pri-
marily computer systems, to permit us to speed
the routine portions of the task. And we must
find, educate, and motivate people to perform the
more imaginative portions of the work.

As has been reported here, some of the experi-
ence and knowledge necessary to build these man-
machine systems has already been achieved and
more is being accumulated from programs now
underway.

An examination of history also shows that we
have numerous models we might borrow from and
some we might want to deliberately duplicate, ex-

" Solo, Robert A., "Studies in the Anatomy of Economic Prog-
ress," a working paper.

45 Rosenbloom, op. cit.
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perimentally, to learn how to design ultimate
systems.

In many instances, there is a real question
whether money should be spent to search for a
document, to search for knowledge and skills, or
to start from scratch. Perhaps one reason that
question occurs so frequently is that our models
have been less than adequate, and that we have
failed to combine elements of several models into
one system.

There is increasingly a need to provide a means
of taking the technology, to the potential user,
rather th.an hoping he will be willing and able to
unearth it from its variety of resting plac.a. The
transfer of technology depends primarily on the
effective communication of information, implying
relevance of the information and understanding
on the part of the potential user.

Meeting many unmet needs will depend, in large
measure, on the ability of innov ators in private
companies to obtain a wide range of scientific and
technical information in a form conducive to their
use of it. That means that innovators in private
companies must be a focal point in the design of
channeling methods.

Thus we must next consider what we have
learned and understand in regard to the essential
elements of a system that will successfully channel
new technologies from their multiple points of
origin, in a variety of combinations, to their many
potential points of use.

The Elements of a Transfer System

We all take the telephone for granted. When we
have to wait more than a few seconds for a dial tone,
we grow impatient and frustrated. When we call
informationseconds seem like hours. We also take
for granted the telephone directorythat innocuous
book which methodically lists names and numbers in
alphabetical order. Imagine the chaos in the tele-
phone company information centers if one day every
other page in everyone's phone books were missing.
Imagine your frustration if most telephone numbers
were "unlisted"if a special, prolonged, and elab-
orate effort was necessary each time you made a call.

Contemplate the chaos in your city if there were
hundreds of different phone bookssome arranged by
people's national origins, others by occupations, by
district or by nameyet none of them complete. Each
time you needed a phone number you would have to
know whether your friend was Irish, or a janitor, or
whether he lived in the north side of town. Suppose
that in each city the system was differenteach used
a different terminology or system of spellinga jan-
itor might be a superintendent or a maintenance
engineer.

Suppose each of these phone books, large and small,
is only half complete and at least a year old when it
arrives. Suppose that phone books were not free but
cost so much that only libraries could purchase them.
Imagine your frustration if you had to go to the li-
brary each time you wanted to make a phone call.



V-286 STUDIES: APPLYING TECHNOLOGY TO UNMET NEEDS

Now what has all this to do with the so-called infor-
mation crisis? The situation I have just hypothe-
cated is a fairly accurate description of scientific
communication today. There are some obvious exag-
gerations. On the other hand, there are even more
chaotic aspects difficult to convey by simple analogy.
We all use the yellow pages, the classified directory,
and frequently find it difficult to locate a number be-
cause of peculiarities in our language. Gas stations
are listed under service stations and sell gasoline ; gas
companies may be listed under power companies and
sell gas. In science, terminology is constantly chang-
ingfaster than the lexicographers or dictionary pub-
lishers can cope with. Every scientific dictionary is
obsolete long before it is published.

In science communication we not only call local
numberswe are constantly trying to place long-dis-
tance transoceanic calls because science is interna-
tional. Our telephone operators, the information
scientists and librarians, must be able to handle
dozens of languages including Japanese, Russian, and
other exotic tongues.

However, this is only the beginning of the difficul-
ties. After painfully identifying the telephone num-
ber of the scientific document he needs, the scientist
can't simply dial tbe number. He must first identify
the telephone exchange that handles this number. He
may be lucky and find that it is a local exchange.
Quite frequently he will find that he must call a Wash-
ington exchange or some other remote city. But
scientists are stubbornly persevering, and having
learned the proper exchange, put throLgh the call
only to find that the line is busy. In fact, the average
waiting time is a few weeksand by thenif that
hasn't discouraged himhe may find that he called
the wrong exchange, the number is out of order, or
disconnected, temporarily or permanently. It is not
surprising that by the time his call does get through
he has sometimes forgotten why he called in the first
place.

The working scientist places hundreds and thou-
sands of such calls each year. He would call more
often if he did not anticipate, consciously or in-
tuitively, delay and frustration. The net result is
that he gives up and only makes a call when he is
absolutely desperate."

Dr. Eugene Garfield's analogy points up some of
the complexities involved in the design of a na-
tional system to channel technology. 'William T.
Knox, formerly manager of corporate planning
for Esso Research and. Engineering Co. and now
in the Office of Science and Technology and chair-
man of COSITI, served as manager of Esso's
Technical Information Division for 5 years. He
said:

During that time I changed from a research di-
rector ignorant of the enormous problems in the tech-
nical information fele: and skeptical of my interest
in it to one who believes that the successful solu-
tion of the technical information problem is vital to
the continued health of science and technology and
demands the very highest skills and capabilities of
profession ally tra ined people.°

"Dr. Eugene Garfield, in testimony before the ad hoc Subcom-
mittee on a National Research Data Processing and Information
Retrieval Center, op. cit., p 227.

41 Research Management, July 1964, p. 287.

A similar change of attitude on the part of
many highly placed Government officials and top
corporation executives will likely be required if
effective technology utilization programs are to
be developed.

Technology transferusing new technology for
purposes other than the specific one for which it
was createdis not now given much emphasis in
many Government program offices. Until it is
given higher priority, major problems will exist on
the input side of the transfer mechanism. For lo-
cating the technology which is truly new and
significant demands the cooperation of those pro-
gram offices with the scientific and technical mis-
sions, and therefore the R. & D. budgets.

And on the output side of the transfer mech-
anism, the quality of receivership must improve.
The executives and technical professionals in pri-
vate companies must be exposed to the benefits they
can derive from the utilization of Government-
generated technology.

Between input and output imist be built new
bridgesnot made exclusively of paperover
which the right information can be successfully
conveyed. A.nd the bridges must permit traffic
in both directions.

The steps in the transfer process are :
Finding the technical information.
Screening out that which has current rele-

vance for possible special emphasisbut not
abandoning what remains for it may have unrecog-
nized value.

Organizing it in a manner that permits its
rapid and efficient retrieval for a variety of po-
tenti al users with different languages, mterests,
and orientations.

Bringing relevant parts of it, on a selective
basis, to the attention of a variety of potential
users.

Arranging for seemingly unrelated pieces
origi nating in separated areas to be fitted
togetaer.

lEncouraging its use on the basis of its value.
Relating it to ongoing efforts that may en-

hance its value.
Organizing it so that it can not only be called

out to meet specific defined needs, but also be a
source of ideas to the technical man "browzing"
through it.

Permit the full inventory to be examined in
a way to allow the discovery of areas of lmowledge
convergency or potential breakthrough areas and
areas of need.

All this must take place in an economic and
social environment cond.ucive to change.

Let. us consider the implications at each step
in the process.

Finding the Information. Technology exists in
many formsin documents of man:; nds,in not-
yet-articulated concepts and mider:tanding, in
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physical devices and systems. The documents will
appear as patents, research reports, unanalyzed
data, handbooks, trade press articles, papers in
technical journals, proceedings of conferences and
seminars, scrawlings in the notebooks of scientists
and eng;ineers, and countless other diverse forms.

The chances of finding it will not be good unless
at least two conditions are met: (a) Capable
people are assigned the task of seeking it out as
their primary responsibility ; and (b) those who
generate itthe practicing innovators and their
supervisorsrecognize the value of transferring
the results of their work and agree to cooperate."

Some pioneering efforts of this type on a formal
basis are underv ..y. The Science Information
Exchange, for example, has elicited the effective
cooperation of most segments of the Government
community sponsoring and conducting research in
the life sciences which now bring to SIE's atten-
tion their current R. & D. activities. SIE has put
professional analysts to work documenting those
activities, for to be widely communicated, infor-
mation must be articulated and recorded.

NASA is providing another model. Its tech-
nology utilization officers deployed in the various
NASA. installations have the primary responsi-
bility for seeking out the important results of re-
search and development efforts conducted in
NASA centers and by NASA_ contractors. NASA
has put teeth in its philosophy by placing con-
tractual responsibility on its contractors to report
new technology resulting from their work under
NASAApport.

The C has been successful in encouraging its
scientists and engineers to recognize the i.mpor-
tance of civilian applications of the nuclear tech-
nology, they generate, leading to many economi-
cally important activities in civilian industry.
Now. the AEC is considering giving some emphasis
to pinpointing the nonnuclear technical advances
macle in the course of its nuclear research and
development.

The Clearinghouse for Federal Scientific and
Technical Information is encouraging other agen-
cies to provide it with copies of their research
reports.

The editors of trade, technical, business, and
professional publications must also be recognized
for their extensive contributions to the location of
new technology via continued fieldwork.

The combination of those efforts is beginning to
create an environment for the recognition among
innovators of the potential secondary importance

49 The size of this task might be illustrated by the Gemini pro-
gram. McDonnell Aircraft Corp., prime contractor for the cap-
sule, has 3,196 subcontractors and uncounted suppliers to the sub-
contractors. Martin Co., responsible for the Titan II launch
vehicle, has an estimated 1,500 to 1,800 companies supplying serv-
ices, parts, and materials. The subcontractors range in size from
General Electric Co. to the Blake Rivet Co., a firm with 60 em-
ployees that made the special titanium alloy fasteners used in
assembling the capsule. The suppliers range in technology base
and orientation from IBM to the David Clark Co., a brassiere
and girdle manufacturer that made the space suits.
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of their work. But more is required. Perhaps
a national policy encouraging the reporting of new
unclassified technology generated with G" overn-
ment support would be helpful. There may also be
a need to analyze and more specifically define the
conditions under which limitations should be
placed on the communication of unclassified infor-
mation." Government agencies should continue to
be encouraged to declassify, documents at the earli-
est time consistent with national defense considera-
tions. And limitations on making documents
available should be justified against a standard.
Ideally, all agencies generating a significant
amount of new technology might be encouraged to
assign responsibilities for the identification of new
technology to qualified and enthusiastic personnel.

Screening the Information. With apologies to
Gertrude Stein (and dyed-in-the-wool documen-
talists), a document is not a document is not a
document. The value of one piece of information
is not necessarily equivalent to the value of another
piece of information.

Because the library has often served as the model
for technology transfer mechanisms, in many cases
a consideral3le amount of straw must be waded
through in search of the wheat. Too much straw
in the diet discourages eating, and also makes
for a lot of wasteful mastication. Burning the
straw may not be wise since new uses for it may
be found in the future. But it should not be served
as the main course.

Screening means are required to find informa-
tion of special significance and relevance and give
it special emphasis, perhaps by calling it to the
special attention of potential users.

In the process, information should not be dis-
carded solely because it appears to have no practi-
cal value at present. It should be retained and
categorized so that it can be retrieved at some fu-
ture date. Some effort is being devoted in Gov-
ernment to this evaluative function.

NASA, for example, employs several private
research institutes to evaluate innovations reported
by the NASA technology utilization officers. In-
novations deemed of special merit are given special
emphasis by publication in the form of 'Tech Briefs
and TU Reports.

The clearinghouse, with the aid of the Office of
Technical Resources, screens incoming reports to
find those of special significance, then calls atten-
tion to them via Fast Announcements.

The AEC holds conferences and undertakes pro-
grams to encourage the use of specially significant
items such as its liquid zonal centrifuge.

But only a relatively small portion of the new
technology generated through Government R. & D.

49 Of the total number of documents announced by the Defense
Documentation Center in the 12 months ending july 1965, 47
percent were unclassified but limited ; 32 percent were uncles..
sified and unlimited ; and 21 percent were classified.
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is evaluated for transfer purposes. Certainly,
some evaluation occurs outside Government. The
trade magazine and the technical journal are
screening mechanisms, and individuals who at-
tempt to IKeep abreast of the unpublished advances
in their fields do their own evaluating. But to ask
each potential user to evaluate all new technology
in his area is to waste a valuable economic re-
sourceskilled manpower.

Other means are necessary. The originator of
new knowledge might be encouraged to make a
judgment of its utility. Perhaps professional so-
cieties and trade associations could assist in per-
forming this function for their memberships.
More specialized information centers might be cre-
ated and, hopefully, paid for, at least in large meas-
ure, by the users to perform this task in given
areas. Ideally, organizations whose members de-
pend on knowledge of technological advances for
their personal and professional well-being could
perform the function.

The full burden of screening and evaluation
should probably not be the responsibility of the
taxpayer at large, since the benefits of the function
seem to be spread too unevenly. Some form of
cost sharing by the beneficiary is in order, al-
though this does not mean, of course, that he must
pay for the service directly. He can pay for it in
his purchase of resulting, services, such as mem-
bership in specialized information centers or re-
gional service centers; by purchase of publications
and announcement services resulting from evalua-
dons ; by normal support of his professional soci-
ety or trade association ; or via some other means.

Organizing for Retrieval. Few activities tha ap-
pear so simple to the uninitiated are, in reality, as
complex as the problem of arranging information
in a manner that permits its easy retrieval for all
relevant purposesand for those purposes only.

Report titles are wholly inadequate as a basis for
quick and accurate retrieval, since most titles are as
definitive of a report's content as any of the pro-
verbial descriptions the blind men gave after touch-
ing the elephant.

For example, consider the report title: Materials
Investigation: SNAP/50 Spur Program Mechan-
ical Properties of TZM.

The descriptive terms used to categorize the doc-
ument for later retrieval were: molybdenum al-
loys, turbine parts, ductility, titanium alloys, car-
bon alloys, zirconium alloys, processing, forging,
tensile properties, hardness, recrystallization,
transition temperature, creep, microstructure,
stresses, heat treatment, turbine blades, turbine
wheels, gas turbines.

While the descriptors add many dimensions to
the ability to retrieve the report, they admittedly
exhaust only a small portion of words and phrases
that might be used in posing a question for rele-

vont information in the report while a system
user involved in turbine design problems would
readily retrieve the document from the system,
the designer of a propeller shaft, for whom the
information might be equally important, would
have to phrase his question in terms other than
product language. He would have to design a
more imaginative search strategy in order to re-
trieve the document. Although not too much
imagination would be required in this case, because
the document is indexed under both "stresses" and
"forgings," likely areas for the shaft designer to
search, the problem is illustrated.

Thus indexing poses a major dilemma : Be con-
servative in the terms used and the document
will not be found in many instances where it might
be relevant ; be liberal in describing the document
and it will show up as an unwanted nuisance far
too frequently.

Some solutions exist. One partial answer is the
use of hierarchical description methods with con-
sieterable cross-referencing. Another is the devel-
opment of multiple systems with separate sets of
descriptors to serve different bodies of users with
reasonably homogenous interests and language.
The cost of operation of such systems is obviously
expensive, but the economic feasibility of moving
in that direction should be more fully explored.
There are significant tradeoffs between the cost of
performing the function and the time savings that
would result from reducing the need to examine
the abstracts of numerous unwanted documents,
plus the advantage of retrieving a greater propor-
tion of relevant information.

The entire question might be better analyzed if
more research in the documentation field were per-
formed from a user-oriented rather than source-
oriented viewpoint.

The question of abstracting comes up in the same
context. With most mechanized systems, and
many manual systems, the seeker of information
is supplied a set of abstracts as a result of an infor-
mation search. Seldom would it be practical, un-
der any conditions, to deliver a full set of docu-
ments. (The sheer awesomeness that would result
from stacking 30 pounds of paper on a man's desk
in response to an inquiry would defeat the utility
of the system, let alone other obvious problems of
logistics and cost.) The information seeker is then
in a position of making his own evaluation, deter-
mining which documents he wants to examine in
full, on the basis of the abstract. The degree to
which the abstract mirrors the content of the docu-
ment then becomes crucial. (Perhaps no one is
better equipped to write an abstract than the
author of the document, a function that should be
and is being encouraged.)

The entire subject of organizing information for
better retrieval demands continuing attention by
imaginative researchers. Such work should be en-
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couraged by the Government and private groups
alike. Contributions to this area are being made
from numerous civarters, public and private, in-
cluding OSIS, AEC, NA.SA, NIH, and many
others. But the problem deserves increased
emphasis.

Attention to Significance. Earlier in this paper,
the importance of incremental advances in tech-
nology was emphasized. The new lubricant for-
mulation, the new circuit design, the new inspec-
tion technique, and the improved composite ma-
terial, while having widespread potential utility,
are rarely significant enough to start the technical
grapevines buzzing. But incremental advances
often deserve special communication, and consid-
eration might be given to means of bringing them
to the attention of potential users more rapidly
on a selective basis.

Fast Announcements and Tech Briefs are two
existing means of doing so. Others might be
considered.

Soliciting the cooperation of specializedbusiness
publications in performing that function should
be encouraged. A more rapid means of communi-
cating such information to the correct aildiences
would be difficult to devise at low cost.

Knitting the Elements. Frequently, several seem-
key unrelated advances that occur at about the
same time derive special significance when ex-
amined in composite ; the addition of a new item
of information to a bank of other pieces of in-
formation can give the entire resource new signif-
icance. Related advances can occur in fields tradi-
tionally far removed from one another, such as a
medical discipline and a subdiscipline of electronic
engineering. This calls for switching mechanisms
among information systems. In a few cases, spe-
cialized information centers perform such func-
tions today. New methods must be found, includ-
ing mechanical or electronic aids that will speed
the process. Federal Government encouragement
of research and exploration in this area is
recommended.

Encouraging Use. Many who could benefit from
technology transfer have yet to be exposed to the
advantages. Many others, discouraged by at-
tempts at earlier times when little could be done
to assist them, mult again be exposed.

Information is a marketable commodity if it
meets certain tests, such as significance, currency,
relevancy, ease of availability, and comprehensive-
ness. But few practitioners in information serv-
ices or technology transfer programs employ a
total marketing approach. Bill Knox has urged :

Let us look at information services as a business
a business with service as its productnot abstracts,
not indexes, not books, but service . . . . Let us con-
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centrate on the marketing sidetoo long ignored
not on the production side. The major attention and
financial support given to hardware and information
processing techniques indicates an overemphasis on
production variables.

Marketing infornaation services in the wayit should
be done will probably not be easy. It will require
new attitudes, new patterns of thought, new ap-
proachesand new people. The record speaks for
itself.°

What will be required on technology channel-
ing mechanisms that can generate payment for
value received ? Several points are obvious :

(1) Information service and technology trans-
fer people must recognize the existence of seg-
mented markets. Tailored services must be
proffered to definable groups and subgroups. Se-
lective dissemination services will not be sufficient,
though they represent a significant step forward.
Needed will be bietter switching mechanisms, some
thoughtful repackaging of information, 13etter
categorization at the input side and better "interest
profile" building on the output side, better anal-
ysis of document content, more emphasis on inter-
pretation of the "why" and "what it means" in-
stead of the mere presentation of "what" and
"when."

(2) Improved local access will likely enhance
the marketability of information on new
technology.

(3) Better referral services will be required;
successful service organizations seldom tell their
customers "no."

(4) More communicators, sociologists, and econ-
omists might be needed to add to the engineers,
sr'sntists, and documentalists that make up the
full complement of know-how in many centers
today.

(5) More effort will be expended to determine
the real problems and objectives of a lootential user
of technical information, not just blind faith in
what he feels to be his problems. Some imagina-
tive effort t3 interest the potential user in new
technology outside his stated sphere of interest,
but within his reasonable sphere when viewed ob-
jectively, might also pay handsome dividends.

(6) Certainly we need to learn much more about
how new ideas become accepted or rejected within
organizations.

Joining Present and Future. The existence of
some fragments of technology can and does en-
courage investment in the development of needed
additions. But somethnes, after considerable de-
velopment cost, it is discovered that someone else
got there first. This should be avoided in the
broad area of the public domain, if possible.

50 Knox, William T., "Marketing-Oriented Information Services,"
Speech at joint dinner meeting of the American Documentation
Institute, American Medical Writers Association, Society of Tech-
nical Writers and Publishers, and Special Libraries Association,
Washington, D.C., Mar. 15, 1965.



V-290 STUDIES: APPLYLNG TECHNOLOGY TO UNMET NEEDS

Technology transfer implies not only the provision
of what now exists but the indication of what fac-
tors are sure to bear upon it.

Permission to "Browse." Technology transfer is
often looked upon as problem-solving mechanism
only. Certainly it is that, but it is also much more.
It can be a means of bringing about ideas for the
solution of problems not yet recognized and the
meeting of o'bjectives not yet defined. Bringing
that about requires the development of methods
that allow people to bre wse through the technology
available, much as a do-it-yourselfer shops about
in a hardware store or a reader scans the contents
of a magazine.

Since the volume of information available de-
mands the use of mechanized systems today, allow-
ing for browsing must be brought about mechan-
ically and electronically. A step in that direction
will be the use of remote consoles tied to a central
information bank on a computer time-sharing
basis. Project MAC at MIT is the current pace-
setter for systems of this type. NASA's Scientific
and Technical Information Division is examining
the feasibility of such a system on an experimental
basis.

Meeting this requirement, as well as others, de-
mands compatibility among information systems.
COSATI should be encouraged to continue to
strive for coordination of systems among Federal
agencies. Efforts to make Government and pri-
vate systems compatible must also be promulgated.

The Quality of Receivership. In terms of under-
standing how to create a climate for innovation,
society today is long on theories and short on sub-
stantive knowledge. We may also be long on
apathy.

But, as has been repeatedly emphasized, new
technology seldom occurs in "off-the-shelf pack-
ages." Innovations originating in the milituy/
space/nuclear realm generally require adaptation
for use in other contexts. Sometimes, a higher
order of innovation is required to make successful
adaption than was needed to conceive the original
advance, and the out-of-pocket costs can be high.

Obviously, there would be a high return on an
investment that would in fact define the elements
of a "creative climate," that would determine
the characteristics that set the innovative person
apart from others, or that would bring about an
understanding of the essential ingredients of
ent rep rene urship.

Encouragement of research in the fields of focus-
ing on those questions is recommended. Devising
means of overcoming the barriers to technology
trarsfer, and perhaps more importantly, determin-
ing how to provide incentives for the utilization of

te,qinology are goals worth pursuing.

Personal Invoh,ement. The written word is es-

sential to technology transfer, but it is insufficient

for effective transfer. Required is considerable
personal involvement and person-to-person com-
munication.

The implications of a new technology in a variety
of fields cannot be transferred by the written word.
Some interplay between individuals is necessary to
permit modification of the ideas of both the giver and
the receiver in order to have a meshing of the pro-
posals of each. Therefore, to increase the rate of
technology utilization, a means must be provided to
permit a meeting of qualified individuals. Publica-
tion is an important step in this process, but it is
only the first step. Its primary purpose is to bring
to the attention of the proper individuals the fact
that certain information s available and to identify
its source, thereby opening the way to subsequent
communication between people with mutual interest.
It is necessary to set up a system by which this can
be accomplished and a special effort should be made to
clarify the procedure to be followed."

The Personal Champion. A wealth of experience
on a variety of fronts documents the assertion that
the odds on a technology being employed are
greatly enhanced if it is chrmpioned by the in-
ventor, the man whc visualizes the application,
an intermediary, the management of the firm that
might use the concept, or by a person or group re-
sponsible for identifying and using rew tech-
nology.

A company employs purchasing agents to seek
out, evaluate, and bring in the optimum materials
and supplies. Why not then new technology
agents to seek out, evaluate, and bring in the best
and most useful new knowledge? These tech-
nology agents would be unusual pcople to whom an
air-travel card and a telephone would be far more
important than an office and desk. They are gen-
eralists with a technical bent, but not necessarily
engineers or scientists. They understand the
arithmetic of business but are not accountants or
mathematicians. They are imaginative and can
readily grasp new concepts: They are fully in-
formed on their company's manufacturing capabil-
ities and marketing objectives. They are outstand-
ing communicators, know how to sell ideas, and
are capable of dealing effectively at all levels in-
side and outside the firm. They know how to
attach themselves to the industrial, governmental,
and professional grapevines that bear the fruits
of knowledge most important to their companies.
These technology agents are really technoecono-
mists and sociotechnologists.

Effort should be expended in both the private
and public sectors to find men with the required
capabilities and interests to perform these func-
tions. Organizations seekin,. to benefit from the
results of Government R. & D. should also deter..
mine whether their organizational framework is
designed to permit the ready inflow and acceptance
of technology generated outside the firm.

m Transference of Non-Nuclear Technology, etc., op. cit.
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