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ABSTRACT

RESEARCH PARKS GROWTH, DEVELOPMENT
AND PLANNING CONSIDERATIONS

By

Chester C. Jandzinski

The past decade has witnessed the growth and develop-
ment of a specialized type of land use--the research park.
Many communities across the country have been "sold" on the
research park concept and have made strong efforts to attract
them, recognizing them as a clean, nuisance-free type of
industry.

This study attempts to provide a greater understand-
ing of this type of land use by providing some insight into
the research industry--its source of financing, performance,
and fields of concentration. The emergence of the research
park and its significance, characteristics and necessary
attraction requirements are presented to give insight into
the planning of the park. Since most of the material per-
taining to research park planning is found only in technical
journals, and since little has been done to present compos-
ite findings that would be useful to planners and others
interested in planning for this type of development, the

study attempts to provide the pertinent information to



Chester C. Jandzinski

adequately analyze the research park within the framework of
planning.

Much of the material for this study was gathered
from leading technical and professional journals, brochures
received from developers and promoters of parks, personal
correspondence and several personal interviews.

The study reveals that research must take place in
an environment that is stimulating to the researcher. This
emphasis upon the environment of the community as a proper
setting for the park, together with emphasis upon personnel
attraction distinguishes the planning of this type of land
use from other uses. From a planning standpoint, the need
for planning criteria to better assess the research park and
its impact upon the community is stressed, together with the
need for establishment of meaningful policies by local gov-
ernment which take into account public and private costs,
both direct and indirect. Physical planning criteria are
also developed which pertain to the actual planning of a

research park site.
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INTRODUCTION

Research and Development (commonly referred to as
R & D) has, in the last decade, spurred the communities
and institutions across the country to take stock of their
resources in an effort to attract research parks. These
communities and institutions recognize that with the re-
search park come certain economic and social benefits.

Since R & D expenditures have now reached $25-
billion, having doubled every five to eight years, the
conduct of R & D activity in suitable places of environment
has been receiving considerable attention. As a result, the
research park, created to provide such places of environment,
has become a relatively new type of land use and has been
receiving serious attention by promoters, developers, and
planners across the nation.

The purpose of this thesis is to provide an insight
into the planning of research parks. But in order to better
understand this type of land use, the historical growth of
R & D is provided with considerable information on why
important research centers have already developed across the
country and the reasons for their growth. The reader is
provided information on who the developers of research parks

are, the parks' occupants, how the parks are financed, and

vii



their success. Recognizing that all parks are not success-
ful, an insight is provided into some of the main ingredients
to consider in developing a successful research park. Suf-
ficient material is available today to assess the trend in
park location and to identify the general criteria for the
success of such facilities.

Lastly, planning criteria for the physical planning
of the park site and the important considerations relating
to it are presented.

Much of the material for this thesis was gathered
from leading technical and professional journals, brochures
received from developers and promoters of parks, personal
correspondence, and several personal interviews. These pro-
vided some of the key references from which planning crite-
ria were developed.

The planner, because of his intimate involvement
with the planning and development of his community, fre-
quently becomes involved in the early stages of research
park planning. It is hoped that the reader of this thesis,
especially those in the planning profession, will gain a
greater understanding of the research and development activ-

ity and a deeper insight in planning for the research park.
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CHAPTER I

THE PROGRESSIVE GROWTH OF

RESEARCH AND DEVELOPMENT

Research and development--commonly known as "R & D"--
is a process which leads to discovery and innovation. Today,
R & D activity plays a major role in the economy, and in
many communities has become recognized for its great impact

upon the growth and development of an area.

concepts and Definitions

Definitions of research and development are provided
to establish a clearer understanding of the processes in-
volved in this field of activity. As the name itself
implies, there are two stages involved in organized research
and development: the research stage and the development
stage. A distinction is also made within the research stage
between basic research and applied research.

Although it appears that the character or stages of
research and development may be readily reported, in actual
practice it is difficult to do so, and statistics relating
to this activity are frequently combined. Nevertheless, it
may be helpful to briefly review the definitions. The defi-

nitions are those used by the National Science Foundation



which has conducted countless surveys and provides respon-
dents to the surveys with these definitions in order to
obtain comparable data.

Research, as defined by the National Science Founda-
tion, is the process of seeking and discovering previously
unknown facts and principles regarding some phenomenon,
process or problem. In other words, it is a search for new
knowledge.

Basic Research. For the Federal collegés and uni-

versities, and other non-profit institutions sectors, the
definition of basic research stresses that such activity is
directed toward an increase of knowledge in science. It is
research in which ". . . the primary aim of the investigator
is a fuller knowledge or understanding of the subject under
study rather than a practical application thereof." With
particular reference to research conducted by the profit-
making organizations, the following is added: "original
investigation (s) for the advancement of scientific knowledge
. . . which do not have specific commercial objectives,
although they may be in fields of present or potential
interest to the . . . company." (Note: Basic research is
also termed "fundamental" or "academic" research.)

Applied Research. The core definition used by the

National Science Foundation is summarized in the colleges
and universities sector: "Applied research is directed
toward practical application of knowledge." Again with

specific reference to profit-making organizations, the



following distinction is made: "Research projects which
represent investigation directed to discovery of new scien-
tific knowledge and which have specific commercial objec-
tives with respect to either product or processes."

Development is "the systematic use of scientific

knowledge directed toward the production of useful materials,
devices, systems, or methods including design and development
of prototypes and processes."l

It can therefore be summarized, from the above
definitions, that basic research essentially entails a
searching of new scientific knowledge with no specific,
practical application in view; applied research builds on
the results of basic research and consists of scientific
investigations and experimentation when a practical or com-
mercial objective is more or less defined. Development
embraces the long and expensive stages of work between
developing an idea and actually translating this idea into
a tangible prototype product or process.

Research and development can be considered as a
collection of highly diverse and unique operations that
differ fundamentally from each other in such important
respects as the intended use of the results, the field of

knowledge being investigated, the kind of skills, and the

lU.S. National Science Foundation, "Trends in Funds
and Personnel for Research and Development, 1953-1961,"
Review of Data on Research and Development, No. 33, April
1962, p. 8.




depth of knowledge required. The projects are conducted
under varying organizational arrangements and, depending on
the kind of a project, require different types and amounts
of human, material, and financial resources. There are,
however, important features common to all R & D projects.
One such feature is that all R & D projects are concerned
with either creation of new knowledge or new practical uses
of knowledge. Thus, all research and development can be
viewed as devoted to pro&uction of new technology. A second
general trait is that the product of research activity is
not known with any reasonable degree of certainty in advance.
All that can be available, in effect, are judgments regard-
ing the probabilities of various outcomes.z

Not all research and development activity is divided
equally among the various stages (basic, applied, develop-
ment). While 64 percent of R & D spending in the United
States is currently devoted to the development stage, 22

percent devoted to applied research, only 14 percent is

geared to basic research.3

2Nestor E. Terleckyj, "Research and Development:
Its Growth and Composition," Studies in Business Economics,
No. 82, March 1965, pp. 10-11l.

3Victor J. Danilov, "R & D Expenditures," Industrial

Research, . X, No. 1 (January 1968), p. 60.




The sections following in this chapter will provide
a broader perspective of this activity as it has emerged

through history and as it exists today.

Historical Review

Much of the scientific progress in the United States
has resulted from the involvement of the Federal Government
in the support of science. The Federal Government through-
out most of its history has been concerned with the status
and progress of science and has endeavored in a variety of
ways to encourage scientific activity.

National interest in science dates from the time of
Jefferson and Franklin. Our forefathers expressed eagerness
to promote science, recognizing its usefulness to the devel-
opment of the nation. It is notable that the Declaration of
Independence appealed to "natural law” and that the Consti-
tution empowered the Congress to "promote the Progress of
Science and the useful Arts" at a time when the very word
"science" has not yet become a part of the popular vocabulary.

In the field of education, the notable contribution
by the Federal Government is found in the Morrill Act, passed
in 1862, which provided land grants to help the states estab-
lish colleges and thus encouraged a cooperative working
relationship between the Government and the universities.

The establishment of experimental stations at these land

grant colleges also assisted to promote agricultural research.



The Federal Government assumed positive responsibil-
ities in other areas associated with science and technology.
The Patent Office, one of the oldest Government agencies,
was established in 1790--its function provided for in the
Constitution. An ambitious coastal survey to promote ship-
ping, and the construction of a national turnpike leading
into the new country opening up in the West was approved by
Congress in the early 19th century. The Army also surveyed
the Great Lakes and lent technical assistance in the con-
struction of canals and railroads. The Smithsonian Insti-
tute was created by an act of Congress in 1846 for the
increase and diffusion of knowledge "through scientific
research, exhibits and publications." The National Academy
of Sciences was established in 1863 to furnish advice and
technical support for the Federal Government in its dealings
with scientific matters.4 Therefore, it is clear that the
Government has played an important role in research activity
from the beginning of our history.

Beginning with the textile mills of New England, the
wave of technological development swept the Nation. The
growing economy stimulated the search for better techniques

in agriculture, manufacturing, transportation and commerce.

4Proceedings of a Conference on Academic and Indus-
trial Basic Research, Princeton University, November 1960,
sponsored by the National Science Foundation, from article
by Richard H. Bolt, "Role of the Federal Government in Basic

Research," p. 7.



The great majority of scientific work during the 19th cen-
tury was devoted to the solution of practical problems--the
invention of "things" and processes that would immediately
become useful and profitable. Science lived in close prox-
imity with trade and industry and material development.
Science gave little time to basic research--the quest of new
knowledge for its own sake and without practical application.
All of the inventions and technological advances that went
into building industrial America were based on an inherited
body of scientific knowledge--the sum of scientific discov-
eries which had originated largely in Europe.

In the latter part of the 19th century, however,
American universities began to engage in scientific research.
Beginning in a few of the leading institutions, recognition
of the importance of academic research gradually spread,
until by the end of World War I, it had become traditional
in all the major universities and many others. Private
industry also entered the research field. 1In 1900, General
Electric established the first American research laboratory
in private industry. Some 100 such laboratories were in
operation by World wWar I, mainly in the fields of electric-
ity and chemistry. This number had tripled by the end of
that war. This trend grew throughout the 1920's and 1930°‘'s,
in spite of financial setbacks during the Great Depression.
The importance of research became recognized firmly, and

increasing numbers of forward-looking industries engaged in



it themselves and, in some instances, supported it in univer-
sities. A few private non-profit research institutions also
came into existence. Thus, by the advent of World War II,
research had become a widespread enterprise, though its
value had not yet been recognized by the public as a whole.5

During the war years, the Government turned in large
measure to private industry to carry out military research
and development. This method led into the peacetime era,
and did not decrease once the war was over.

In the initial postwar years, support for science
and its applications was largely motivated by the goals of
national security, better health, and other practical ends.
As the public and Congress recognized that progress in the
applications of science could flourish only with a strong
base in basic science, the National Science Foundation was
established by Congress in 1950 as an independent agency
devoted to the support of science and scientific education
without regard to practical misssions. Thus, basic research,
together with other research, began to be accepted as a
proper objective of Federal support.

Two reasons are frequently cited for the growth of
research after WOrlq War II. First, peace was not accompa-
nied by relaxation of international tensions. It therefore

became necessary to maintain the strongest possible military

5U.S. National Science Foundation, Fourteenth Annual
Report for the Fiscal Year Ended June 30, 1964, pp. xiii-xv.




establishment. This required the continued improvement of
0ld weapons and development of new ones. Second, there is
a growing recognition that money spent on research is an
investment that brings to the nation a handsome return in
the form of greater wealth, higher standards of living,
and better health--as well as increased military security.
Expenditures for research provide the seeds for the future
growth of the national economy. 1In addition, the new break-
throughs in electronics and atomic science have greatly
accelerated the overall pace of research. The development
of the transistor and electronic computer have opened up
wholly new industries and have opened doors to new discov-
eries once thought to be years away.

Today, research and development has grown into a
multibillion dollar activity, ranking in size with the chem-
ical, electrical equipment or petroleum industries. 1In
total dollar volume of expenditures, it actually exceeds
rubber, textiles, paper, electrical power or automobiles--

all major support groups in the national economy.

Research Performance and Source

Approximately $25-billion was spent on research and
development in 1968 in this country. Considering that only

$2.5-billion was spent in 1940, one can readily see the
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great upsurge that this activity has experienced in this
country--ten times as much as in 19506 (see Figure 1).

Who are the performers of research and development
and what percentage of activity does each perform? Four
major sectors perform R & D work:

l. Industrial companies, within their laboratories or
in other establishments.

2. Government laboratories and testing sites.
3. Colleges and universities.*
4. Other non-profit institutions.*

Table 1 presents the amounts of funding and perfor-
mance of R & D activity among the four major sectors. It is
quickly noted that the Federal Government furnishes most of
the R & D funds while industry performs the greatest amount
of R & D activity. Although not reflected in Table 1, indus-
try is the chief performer of federally-financed R & D work,
accounting for 66 percent of all that was accomplished in
1968. Industry concentrates heavily on development work for

the federal government because it is best organized to handle

6Victor J. Danilov, "Research Funds," Industrial

Research, VII, No. 1 (January 1965), 28.

*Colleges and universities comprise all institutions
of higher learning and include professional schools such as
medicine and engineering, affiliated research institutions,
hospitals, and agricultural experiment stations. Other non-
profit institutions consist of private philanthropic founda-
tions, non-profit research institutes, voluntary-health
agencies, professional societies, etc,
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p. 48.

Level of R & D expenditures, 1950-1968.
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Table 1. R & D funding and performance in 1968 (billions of

dollars)

Sector Funded % Performed %
Federal Government 15.7 63 3.5 14
Industry 8.6 34 17.3 69
Universities 0.5 2 3.3 13

Other non-profit
institutions 0.2 1 0.9 4
Total 25.0 100 25.0 100

Source: U.S. National Science Foundation, "Research and
Development in Industry, 1968," Reviews of Data on
Science Resources, No. 17, February 1969, p. 1l.

large-scale testing, engineering, and assembly of complex
machinery and instruments.7

It is interesting to note that the Federal Govern-
ment, performing in its own establishments only 14 percent
of all R & D work, financed nearly two-thirds of the national
total, while industry, performing 69 percent, financed only
a little over one-third. Non-profit institutions as a group,
while performing about 17 percent of the national total, paid
for only about 3 percent. According to the National Science

Foundation, the percentage relationships have remained fairly

7U.S. National Science Foundation, Federal Funds for

Research, Development, and other Scientific Activities, Fis-
cal Years 1967, 1968, and 1969, Vol. XVII (Washington, D.C.:
Government Printing Office, August 1969), p. 8.
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constant since the Foundation's first survey of 1953, and
are anticipated to continue in a similar relationship for
the remainder of the decade. An exception, however,
occurred in the financing of R & D funds in the industrial
sector. In 1953 total R & D funds amounted to $3,630 mil-
lion, of which 39 percent was federally financed and 61
percent company financed. 1In 1968, however, of the $17.3
billion spent for industrial research, 66 percent was fed-
erally financed while 34 percent was company financed. This
points out the increasing involvement of federally sponsored
research in the industrial sector. Because of the heavy
reliance by private industry on the Federal Government, the
decisions of the Federal Government as to R & D programs
have had a profound effect on the economic growth and com-
position of individual industries. In many companies,
emphasis has changed in recent years from production line
items to research and development, especially in the air-
craft and missiles industry. Similarly, the number of
scientists, engineers, and other professional personnel has
increased in relation to production workers in many com-
panies contracting with the Federal Government for R & D

projects.

Fields of Concentration

Research is not evenly distributed throughout the
economy but is focused upon two key areas--military, atomic
energy and space research plus industrial research by pri-

vate industries.
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During the 1960's, the Federal R & D programs have
reflected largely the national security and foreign policy
objectives established since World War II. Three federal
agencies (Department of Defense, National Aeronautics and
Space Administration, and Atomic Energy Commission)--by
magnitude in the order named--spent nearly 90 percent of
Federal Government's $15.7-billion R & D budget, the
remainder devoted to such programs as health, welfare and
natural resources.

Since nearly two-thirds of industrial research is
financed by the Federal Government, it follows that a heavy
concentration of industrial research is devoted to the three
federal agencies programs--military, space, and atomic
energy. Whether financed by Federal funds or company funds,
however, industrial R & D activities are concentrated in
relatively few industries. They are aerospace (aircraft and
missiles), electrical equipment and communications, and chem-
ical and allied products. These three major industry groups
accounted for approximately two-thirds of total funds for
industrial R & D performance.

R & D performers in the four sectors (industry,
government, colleges, universities, and other institutions)
have specialized in different kinds of R & D work. Accord-
ing to the 1968 data, the R & D performers in industry and
government have specialized relatively more in development
and in applied reéearch and relatively less in basic re-

search. On the other hand, the universities and non-profit
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organizations concentrated heavily on basic research and do
relatively little development work.

According to the allocation of professional manpower
to projects in different fields, the National Science Founda-
tion reported that in 1964 (the latest year for such data)
industry specialized more in engineering and relatively less
in physical sciences research, while its share in life sci-
ences was low. As a whole, government research and develop-
ment is somewhat more oriented toward physical sciences and
engineering and less toward life sciences. Non-profit and
educational institutions are highly specialized in life
sciences and less toward physical sciences. See Table 2
showing the distribution of scientists and engineers which

provides the basis for the above analysis.
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Future Growth

Research and development growth in the United States
has made this activity one of the largest in the economy.
As indicated earlier in this chapter, research and develop-
ment has grown into a multibillion dollar industry--from
$2.5-billion in 1950 to approximately $25-billion in 1968.
Similarly, while funds for research and development amounted
to about 1.5 percent of the Gross National Product in 1953-
54, R & D funds amounted to 3 percent of GNP in 1963-64 and
have presently increased to nearly 4 percent.8

The continuing interest and participation by the
Federal Government in R & D work and the acceleration of the
aerospace program will continue to play an important role in
the future. While there will continue to be a heavy concen-
tration in federal defense and space programs, the benefits
of such research will provide new ideas which will become
applicable to civilian purposes. Past military research and
the existence of the government market is known to have
played an important part in the introduction of major new
civilian products and services, such as jet travel or elec-
tronic computers, and also to have aided in developing prod-
ucts of higher quality whose development might have been |
less rapid otherwise. Some products and processes resulting

from federally sponsored industrial research apparently have

8Danilov,"Research Funds," op. cit., p. 32.
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had civilian applications at an early stage. For example,
recent space research has already led to such civilian
applications as the adaptation of space suits for victims
of paralytic strokes, surgical hearing-aid devices, X-ray
photos with drastically reduced radiation exposure, and a
wide range of electronic devices.

Although it is anticipated that the total R & D
program will continue to expand, defense and space research
may not continue to consume such a dominating share of the
R & D budget. The United States is entering an era of
gradual R & D growth in which a greater proportion of the
federal funds probably will be devoted to public benefit
programs such as health, transportation, pollution, educa-
tion, and ocean resources.

The increasing amounts spent annually for basic or
fundamental research has important implications for all
segments of the economy. While basic research amounted to
only about 4 percent in the early 1950's, it is currently
14 percent of total R & D activity. It is inevitable that
a greater reliance upon basic research for furthering sci-
entific knowledge will result in a need for even greater

R & D expenditures as man continues new discoveries.

9Daniel R. Roman, Research and Development Manage-
ment: The Economics and Administration of Technology (New
York: Appleton-Century-Crofts, 1968), p. 63.
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Planning Implications

This chapter, providing a brief review of R & D
activity in this country, indicates the increasing growth of
a particular segment of the economy. Together with a vast
technological change being experienced within the country,
the R & D effort is of great significance for possible
economic and industrial development of cities and states.
Certain types of research have concentrated in certain geo-
graphical regions as pointed out in the next chapter, and
this has had a tremendous effect upon the social and eco-
nomic aspects of those areas.

The clamor in different parts of the country, as
indicated in the next chapter, indicates a strong competi-
tion to attract research-oriented industry. New types of
facilities to house such research activity in suitable,
complementary surroundings must be provided. Communities
will need to study their potentialities in a bold effort to
attract research industries. Planning for these "think"
factories will necessitate a new approach from traditional

industrial planning.



CHAPTER II

RESEARCH CENTERS AND BROAD

LOCATIONAL CRITERIA

This chapter outlines the factors which have led to
the locations of R & D oriented centers in the country. The
information is presented from a regional rather than local
level. R & D centers do not locate haphazardly but tend to
gravitate to certain areas for specific reasons. The begin-
ning of this chapter provides a broad picture of the loca-
tional patterns of research facilities and a discussion of
the dominant research centers in the country--where they are
located and the prime factors which have led them to locate
in these areas. The remainder of the chapter describes some
of the criteria which prompt a specific type of R & D facil-
ity to locate where it does.

Dominant Research Centers in
the United States

Several large research centers dominate the R & D
scene today. The dominant centers are in the Boston area,
New York-New Jersey area, Washington—Balpimore area, Los
Angeles area, and the San Francisco area (see Figure 2).
These locations of scientific concentration account for a

heavy percentage of the nation's total R & D effort. They

20
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exert a strong influence--almost a control--over the other
scientific areas of the country.

Greater Boston area.--The largest complex in a

localized area, perhaps, is to be found in Boston and its
immediately adjacent environs. This area received its major
impetus during World War II when the Federal Government
located four of its key research laboratories at Harvard
University and Massachusetts Institute of Technology.
Attracted by the excellent teaching and research facilities
and personnel at these schools and numerous smaller colleges
and universities, industrial laboratories of every type have
moved in to occupy locations conveniently accessible to
these laboratories and institutions. Thus, an exceptionally
strong educational base provided a solid foundation for R &
D activity. Today there are several hundred companies in
this area engaged in R & D operations.

The heaviest concentrations have developed at key
points along Highway 128, which passes to the immediate west
of Boston and links together a group of smaller suburban
towns which have developed campus-like research parks during

the past ten years.

Greater New York area.--Another large, dominant

center which must be recognized for its sheer volume of
R & D capability is that which has developed in and around
New York City. Actually, the research-oriented activities

spill over into Northern New Jersey and Connecticut, with



23

most of the laboratories shunning the central city to locate
in the suburban communities.

This complex probably offers more variety than any
other in the nation. R & D operations range from small one-
scientist labs up to such giants as Bell Telephone Labora-
tories. Areas of research range from cosmetics and similar
consumer products to satellite communications and rocket
propulsion. The New York City area also has a monopoly on
investment research in the wWall Street complex, on marketing
research in the Madison Avenue area, and proximity to the
pre-eminent biological center of the world.lo

The development in and around Princeton is espe-
cially noteworthy. Since World War II, about 50 industrial
research organizations have moved into the Princeton area
primarily to be close to the University. Though proximity
to Princeton itself is of primary importance, convenient
accessibility to New York and to the headquarters offices of

the research-oriented industries is a major factor also.

Washington-Baltimore area.--This complex has been

experiencing accelerated growth and many R & D firms have
chosen the area in order to be close to the fund-granting
agencies of the Federal Government. Some of the major

government research facilities located in the Washington-

Baltimore area are the Atomic Energy Commission, the NASA

loH. McKinley Conway, Jr., "Sites for Science,"

Industrial Development and Manufacturers Record, August 1962,
p. 24.
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Goddard Space Flight Center, the National Institute of
Health, the U.S. Army Biological Laboratories, the Naval
Research Laboratory, the Walter Reed Army Institute of
Research, the Metallurgy Research Center, and the National
Science Foundation, to name but a few.

The presence of these vital Federal activities has
led to a fast growth of private R & D firms eager to main-
tain close liaison with program administrators. Over 500
firms are now located in the area.

Los Angeles area.--This area has maintained a dom-

inant position in the aerospace industry and supporting
industries. In Los Angeles the chief attraction has been
the amenities of the area--the climate, higher educational
level, emphasis on informal living, etc., plus the proximity
of major aircraft manufacturers and similar defense facil-
ities which developed on a large scale during World War II.

San Francisco area.--Most of the R & D activity in

this locality are found in the San Francisco Bay Area near
Stanford University. University of California and Stanford
University are both noted for science education which has
proven to be a big factor in attracting R & D activity in
the general area. The Stanford Research Institute became
one of the largest, non-profit research organizations in the
country which helped to attract highly qualified teaching

and research personnel.
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Other Important Research Centers

Many other important centers are gaining prominence
in various parts of the country and containing a large num-
ber of scientists. While Figure 2 provides the locations of
many of these centers, only some of these centers are dis-

11

cussed below.

The Milwaukee-Madison area, which ranks high nation-

ally in terms of scientists per unit of population, is capi-
talizing on the resources of the University of Wisconsin and
Marquette University, plus such R & D operations as those
conducted by Allis Chalmers and A. O. Smith Corporation--
each employing more than 100 scientists.

The Detroit-Ann Arbor-Lansing complex offers Mich-

igan, Michigan State, and Wayne Universities. Important
research activities are concentrated at these universities
as well as GM Tech Center in Warren (near Detroit) and the
private research firms based around Ann Arbor.

The Buffalo-Rochester-Syracuse area is particularly

strong in research activities. Rochester contains the large
Eastman Kodak laboratories, while Buffalo contains units of
Bell Aerosystems, Du Pont, Hooker Chemical, Union Carbide
and Westinghouse. Syracuse has the large General Electric
plants. Cornell University, Syracuse University and Univer-

sity of Buffalo are located within the area.

Mipia., pp. 26-27.
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Pittsburg has long been a steel research center,
with laboratories of steel companies; Westinghouse, Gulf,
and Alcoa. Cleveland has considerable research as a result
of National Aeronautics and Space Administration (NASA) and
such companies as Sohio and Republic Steel.

The Dayton-Columbus-Cincinnati triangle provide

considerable R & D activity, through such institutions as

Wright-Patterson Air Force Base, historic home of aviation
research; Batelle Memorial Institute, one of the nation's

leading consulting research organizations; and Ohio State

University.,,

Another center is St. Louis, home of Monsanto
Chemical's main laboratories, and McDonnel Aircraft, the
latter produced the Mercury capsules used for global orbits.

While the listing of above centers is by no means
complete, with many more research centers located across the
nation, as indicated on Figure 2, the listing is sufficient
enough to identify types of research-based complexes, the
elements of such complexes and some of the main attractions

of the areas for R & D activity.

Elements of Research Complexes

The research-based complex, sometimes referred to as
a "scientific complex" can be identified as containing one

or several elements.12 They are:

12James F. Mahar and Dean E. Coddington, "The Scien-
tific Complex--Proceed with Caution," Harvard Business
Review, XLIII (January-February 1965), 140-141.
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1. Science-based industry composed of:

a. Industrial research and development laboratories
which may or may not be part of manufacturing
facilities.

b. Technically-oriented manufacturing plants (i.e.,
plants employing a high proportion of scientists
and engineers, producing products embodying
advanced and rapidly changing technology).

c. Supporting suppliers and services.

2. One or more major universities which emphasize:

a. A wide range of graduate studies in science,
engineering and mathematics.

b. Basic and applied research in science and
engineering.

c. Graduate studies in business management.

3. Federal government research facilities administered
either:

a. Directly by the government, such as the National
Bureau of Standards Research Laboratories in
Boulder, Colorado.

b. By private industry or universities, such as
Johns Hopkins University's Applied Physics
Laboratory near Baltimore.

The full three-element complex--science-based indus-
try, universities, and government laboratories--is the best
known type of research-based complex. The Greater Boston
area is the leading example of the three-element complex.

Palo Alto, California and Ann Arbor, Michigan are
good examples of complexes built around strong universities
and science-based industry. Stanford University has its own

research park occupied by over 40 firms. Ann Arbor's com-

plex is still in the formative stages, but since 1957 the
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University of Michigan has spawned over a dozen firms and
has been a key factor in attracting several other firms.

The Washington, D.C. area is a leading example of
the complex composed of government facilities and related
science-based firms. San Diego, with its large aerospace
firms and small supporting firms, is an example of another
complex--the technically oriented industry, containing
research facilities in direct association with it.

Complexes which developed without the university
element, such as San Diego and Orlando, usually began as an
unplanned circumstance through accidental location or indi-
vidual company decision. On the other hand, for an area to
set out deliberately to develop a complex, the university
element appears to be an essential ingredient in order to
enhance the chances of success. The reasons for this are
discussed in later chapters.

Scientific complexes which have two or three ele-
ments are characterized by having close interrelationships,
or common bonds, which result in extensive communications
among the elements. A common interest in science and tech-
nology is usually the force which binds the elements

together.13

l3Denver Research Institute, University of Denver,
"The Scientific Complex--Challenge to Colorado," June 1964,
p. 1.
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Types of Research and General
Locational Criteria

The general locational pattern of research activity
found in this country indicates that important factors are
at play. As noted, in the discussion of elements comprising
scientific complexes, the forces of government, industry and
universities are involved. 1In addition, the important deci-

sions of the individual research firms or agencies to locate

within these complexes are based on many factors or criteria.
The type or character of R & D activity is an important con-
sideration, since it becomes oriented to certain areas which
meet its broad qualifications. The listing below indicates
some of the research types and one or more of the necessary
"ingredients" for its conduct. This, therefore, provides
some indication as to why individual research and develop-
ment firms locate where they do.

1. Research oriented to production.--This type of

research is usually located within the production plant or
within proximity to the plant. Typical of such research is
the automobile and aircraft production industry, where con-
trol tests are carried out from time to time during assembly
and the finished product subject to rigorous testing in
simulated conditions. Both industries, however, perform a
considerable amount of other research activity which does
not necessarily have to be located at the production plant.
This includes research in chemical analysis, metallurgical

examination of components, and research tests on plastics,



30

rubber plated components, o0ils, greases, adhesives and seal-
ing compounds, frequently leading to the improvement in
performance characteristics.

There is a great concentration of manufacturing and
research facilities in the great industrial centers, primar-
ily in the East and Midwest., Historically, a company
located where the idea was conceived, and its research staff
occupied the same plant where production took place, or some
nearby facilities. There was little searching for other
sites or organized pressure to locate in another community.
This is how Eastman Kodak Company happened to locate in
Rochester, New York; U.S. Steel Corporation in Pittsburg;
Ford Motor Company in Detroit; Armour and Company in Chicago;
and 3 M in St. Paul.14

2. Research oriented to processing.--Process re-

search comprises investigations of complete processes or
specific component of a process to find a better way of
producing new or old products. Usually such research cannot
be separated from production research (many industries con-
ducting both types of research) and the research facility is
therefore located at the production plant. An excellent
example of a process research takes place in the chemical

industry. Chemical research concerning the compilation of

14Victor J. Danilov, "Sites for Sale," Industrial

Research, VI, No. 5 (May 1964), 30.
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new formulas for manufacturing purposes can be, and fre-
quently is sited some distance from the factory location.
On the other hand, control research, concerned with the
testing of raw materials and with quality control must
necessarily be located within the factory environs.

3. Research oriented to raw materials and waste

utilization.--Such research, generally a part of process

research, is conducted by industry at plant locations where
large amounts of raw materials are utilized with consider-
able waste products resulting. Research of raw materials
insures a certain quality content necessary in processing,
whereas research of waste products may frequehtly result in
the production of a by-product. The o0il refining and paper
industry conduct large amounts of such research.

4, Research where natural geographical features are

egssential.~-Research in oceanography, geology, marine, and
wildlife, forestry, etc. necessitate natural bodies of water,
ground formations, biological life in its natural environ-
ment for its conduct.

5. Research where climatic conditions are of prime

importance.-~-The mild climate in parts of the country is

favorable for certain research where testing plays an impor-
tant role a?d economies are realized in the assembly, stor-
age and testing of products. In the aircraft industry, for
example, the majority of assembly and testing is conducted
in the West where favorable weather allows open-air type

storage sheds, and testing of aircraft can be conducted on
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a year-round basis. Many parts and engines are shipped from
the East to West for aircraft assembly for this very reason.

Other climatic conditions of an extreme nature are
required, for example, in polar exploration and research,
and research of this natur<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>