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CHAPTER I
lliTRODUCTION
Purpose of Study
Research and development (R&D) play an increasingly important role in
the economy of the United States.

Total expenditures for R&D during the

decade of the 1950 ' s were greater than in the entire history of the United
States previous to that time .

As a percent of gross national product , R&D

has grown from 0 .2 percent in 1921, to 0.4 and 0 . 6 percent in the 1930 ' s
and 1940 's, and is now more than 3 percent . l
Much has been said of the impact that the growth of R&D has on t he
genera l economy.

R&D had also had a significant economic and sociocultural

impact on the local areas of R&D concentration - -an aspect of R&D which is
difficult to measure and frequently ignored.

Although a general view of

R&D in the United States as whole is given , the present study is mainly
concerned with the economic impact of R&D on a local area .

Although not

exhaustive , this study represents an attempt to gain information in a
vitally important area of the economy wtich has general l y been ignored .
Selectton of a Study Area
The main justification for examinir.g a local area is the fact that
most of the economic impact take place within the local area , more so
lNe stor E. Terleckyj, Research and Development: Its Growth and
Composition (New York : Industrial Conference Board , Inc. , 1963), p . 21 .
Figure for present date estimated by the author .
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than in the general economy .

The direct impact of a wage increase for

automobile workers will have a greater impact in Detroit, Michigan , than
it will have for al l employees in the United States .

This is true , if for

no other reason, than most of the payrolls are spent where the y are earned .
R&D

Because of the relatively high income of scientists and engineers ,
would logically have a greater i mpac t in the local area than most in -

dustries .

In addition to this direct inpact on employment and income,

there is a socio - cultura l impact
tion of highly-trained

R&D

result~ng

from the geographic concentra-

personnel.

In selecting an area for the study of R&D 's economic impact , the pur -

poses for which the area is selected should be kept in mind.

These purposes

consist of ( l) data collection, ( 2) analysis and comparison of data with
national trends , and (3 ) study of the local impact in depth .
Data available from government agencies are generally collected on a
political basis depend ing on the governmental level at which the information is gathered .

Data are available for counties , states , and Standard

Metropolitan Statistical Areas (SMSA) .
other two .

The latter is a combination of the

The availab ility as well as t he accuracy of this data is gen -

era lly greater for states than for counties .

Quite often data for a part -

icular industry are withheld for a country to pre vent disclosing information on a partic ular firm , but this rare ly occurs in data for an entire
state .
~conomic

areas rarely correspond to state and county boundaries .

An

economic area is generally the same as a trading or market area and usually
encompasses all or parts of several counties and even states .

What is a

market area for one good or service is not the same for all goods and ser vices and makes it difficult to determine exactly what constitutes an

3
economi c area .

A closer correspondence between economic and political

areas is t hat of the SMSA , but this often cuts off the fringe areas because
the boundar y of the SMSA is the boundary of the county or counties.
Sin ce this study is concerned with the economic impact of R&D , the
s t udy area should be one in which R&D employees spend their payrolls ,

It

can be seen that the determination of the economic area is a function of
d i s t ance.

The proportion of total payrolls spent diminishes as the dis -

t a nce f r om the place of employment increases until a point is reached when
the impact would be greater from an area other than the one under consider ation .

It is at these points of discontinuity that the boundaries of

e conomic ar eas exist .

The area should not be so large that it encompasses

several areas of apparent discontinuity, nor so smal l that it does not
cover the entire area .
For p urposes of this t hesis, since the author is a student at Utah
St a t e Un iver s ity, the most feasible area of study was within or in the
vicinity of the State of Utah.

Most of the economic activity of the State

i s concentrated in the north-central part, in the vicinity of Salt Lake
City and Ogden .

Possib le areas of study were the Ogden, Sa l t Lake City and

Provo-Orem SMSA's .

To limit the study area t o (a county, group of counties ,

or one of the SMSA ' s) would have limited the study considerably, and would
not have been justified on the basis of economic boundaries as discussed
in the previous paragraph, since all three SMSA 's border each other.
To include the three SMSA's which embrac e Weber, Davis , Salt Lake and
Utah counties (the "Wasatch Front") seemed logical.

However t h i s excluded

substantial R&D per formed in Cache and Box Eld er counties, and the impact
in the neighboring counties whose residents were employed in R&D facilities
in the Wasatch Front.
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An important factor influencing the choice of a study area was the
fact that more data were available for the entire state than for any of
the other areas mentioned above .

Cleary the best areas of study was the

entire State of Utah .
The State of Utah is a good approximation of a true economic area
because of the concentratior, of' business in the Wasatch Front, which is
due to the geography of' the State.

Almost all business in Utah is geo-

graphically segregated from the business of other states.

The only areas

which might have cons iderable state interaction wou ld be in the St. George
area of southeastern Utah , and in Box Elder and Cache counties in the north.
The evidence seemed to indicate that the number of R&D personnel working
in Utah who were residents of other states was small .

This was due to

the fact that the only close R&D facility to a state boundary was Utah
State University , which employed very few people , who lived in another
state .

There is also the possibility that some employees of Thiokol Chem-

ical Corporation in Box Elder County live in Idaho, but this in turn seemed insignificant .

Granted that in general , states are not a very good

approximation of an economic area , the "isolat ed" State of Utah appeared
to be a very good one .
Time Period
In establishing the bench mark year for historical analysis, it was

desirable tv stw· t at a time prece ding or coincident with the initiation
of extensive R&D in t he State, without going so far back in history that
data becomes immeasurable .
The period selected cover s the ten -year period from 1954 to 1964.
Virtually all

defense-ori~n ted

inst!:>lL,tions as well as the major increases

5
iu R&D expenditures at the universities and manufacturing facilities in the
State have occurred during this period .
R&D and "!ndustry"
An industry is defined as a distinct group of productive enterprises ,
the "distinctness " between one industry and anothe r being determined by
either its inputs or its outputs .
Fr om the standpo int of output R&D might be considered an industry be cause it product is distinct --new products and processes or new scientific
or technological information.

In the conventional meaning of industry it

would not be classified as such .

For example , research to produce new uses

of transistors woul d be classified as part of the electroni cs industry
rather than part of an R&D "industry . "

Howe ver , using the concept of "new

products or processes " thi s type of activity could be classified as part of
the same industry as that of finding better applications of nitrogen as
ferterlizer .
From the input side R&D might be considered an ind ustry because of its
employment of so any scienti sts and engineers.

Although some other in -

dustries are extensive employers of technical personnel a larger percent
are employed in R&D than

lu

most industries .

Even though R&D is not consider ed to be an industry in the usual
meaning of the term, it will be considered as such for convenience , and
will be referred to as the "R&D industry ."
Definition of Terms
To determine just what is involved in the R&D industry it is neces sary to have precise definitions of terms.

The National Science Foundation
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uses the following definitions:
Research and Development include basic and applied research in the
sciences and engineering, and the design and development of proto types and processes. Excluded from this definition are routine pro duct testing, market research, sales promotion , sales service , re search in the social sciences or psychology , or other non-technological activities or technica l services.
Basic Research includes original investigations for the advancement
of scientific knowledge that do not have speci f ic commercial objectives , although such investigations may be in fields of present
or potential interest to the reporting company .
Applied Research includes invedtigations directed to the discovery
of new scientific ~1owledge tha t have specific commercial objectives
with respect to products or ~rocesses . This definition of appl i ed
research differs from the definition of basic research chiefly i n
terms of the object ives of the reportin~ company.
Development includes technical activities of a non -r outine nature
concerned with translating research findings or other scientific
knm1ledge into products or processes . Development does not include
routine technical services to customers or other activities excluded
from the above definition of research and development.2
The R&D lndustry in Utah consists of the universi t ies and their assoc iated enterprises; manufacturing concerns, mainly those oriented to missiles , electronics , and basic metal; government defense installations ; and
a few research ,

develo~ment ,

and testing laborator ie s .

These will be dis -

cussed in detail in a later chapter.
Review of Following Chapters
Chapter I I is a hi s t or ical r evi ew of R&D in the Unit ed St a t es and
gives the general view of the impact of R&D on the economy .
Chapter III gives the seLLlng of tbe study area and a descript i on of
the economy of Utah .

I t also describes Utah ' s R&D -P opul ation , the maj or

performers of R&D , and the types of research performed .
2u . s . , National Science Foundation, Resear ch and Deve l opment in
Industry , 1961 (Washington , D. C.: U. S. Government Pr inting Office ,

1964 ),

p.

95 ·
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The analysis of the data is in Chapter IV .

The impact of R&D on

employment and income is determined through the use of an income multiplier .

The methodology and models usee in the analysis are discussed and

the var ious parameters of the mode l s determined .
In the fina l chapter t he models are applied to the different sectors
of R&D performance .

Through this method of ana lysis the impact of R&D

expenditures on income and

emplo~nent

in Utah are exhibited .

CHAPI'ER II

RESEARCH AND DEVELOPMENT ll'l THE UNITED STATES
Growth of R&D in the United States
Science in colonial America
Early America was not scientifically oriented in comparison with the
countries of Europe .

It was many years after its settlement that America

attained prominence in scientific endeavors and achievements comparable
with that of the Old World .

The conditions which existed in the Colonies

were conducive to neither scientific thinking nor invention .
to invent , a person must take time to cogitate and reason .

To be able
A farmer or

soldier generally bas "more important" things on his mind .
Americana fought and worked to l ive and prosper - -fought the Indiana,
conquered a continental wilderness , and built a Nation from a
turbulent and traditionless society. Techniques and knowledge
which helped in this struggle were welcomed. The frontierman had
no time for refinements or subtleties . . . . The pioneer nation
did not have the reserves of labor , wealth , and time for a longrange vie>~ . l
When America started to show some promise in industry, manufacturing
was restricted by England.

The American culture differed from the Euro -

pean culture in other ways ; the col onies did not have the l ibraries , uni versities, or "conversation of the learned that graced the centers of
Old World Culture . "2
lu . s . , Nationa l Science Foundation , Basic Research : A National Re ~ (Washington , D. C. : U. S. Government Printing Office, 1957), p . 10 .
2Brooke Hindle, The Pursuit of Science in Revolutionary America ,
quoted by Alan T . Waterman , "Basic Research in the United States , " Dael
Wolfle, ed . , Sympos ium on Basic Researcn (Washington , D. C. : The American
Association for the Advancement of Science , 1959) , p . 21.
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The United States relied heavily on Europe for scientific and techni cal knowledge .

A direct and powerful influence was exerted on the new

nation as scientists , books , and knowledge were imported.

Of 90 scientific

journals published before 1815, more than 50 were German, 35 French ,
English , and Ital ian , and but l of American origin . 3
The beginnings of American science
The situation started to change in the middle of the nineteenth cen tury .

Scientific schools were organized at Harvard , Yale, and other uni -

versities; the Massachusetts Institute of Technology and other similar
institutions were established .

The first American Doctor of Philosophy

degree in science was awarded by Yale University in 1861 .

Fifteen years

later the Johns Hopkins University was established placing major emphasis
on scientific research and graduate study .

Other school followed this

practice . 4
Most of the inventions during the 1800 ' s were the results of indivdual
thinking and effort .

The more important inventions often resulted in the

establishments of new firms and products .

Engineering and technical per -

sonnel were employed to amke the changes and improvements in the basic
products , but did not participate in what would be called organized re search . 5
Organized R&D
This pattern changed at the turn o1" the century when the electrical
3u . s ., National Science Foundation, Basic Research :
Resource p . ll.

A National

4rbid ., p . 12 ; Will1am Miller , A H1story of t he United States
(New York : Dell Publishing Co. , Inc. , 1958) , p. 322 .
5Ross M. Robertson , History of American Economy (end ed . ; New York
Charles Scribner ' s Sons , 1964), p . 416 .
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industry , which virtually consisted of Westinghouse and General Electric ,
developed engineer ing staffs .

Both companies began R&D programs as bus -

iness strategy to improve equipment and processes in the electric power
industry and keep ahead of the other firm.

Through organized R&D new pro -

ducts were create d, thus increasing the demand for electricity and the profits of both firms . 6
R&D became an integral part of the expenditures of these two com panies and spurred the growth of an industry which bas continued to main tain a prominent posi tion i n th e American economy .

R&D are an integral

part of the electrical industry today , and the latter rernains one of the
primary users of R&D funds a nd personnel . 7
Tb e first World War exerted considerab le influence on science in the
United Stat es .

Pri or to the war the nation purchased most of its chemi -

cals a nd scientific instruments from Germany . B From this and other nations
the United States borrowed scientific ideas and entire tecbnologies . 9
Forced to develop new laboratories and plants and processes, American
industry began investing increasingly in applied research and develop ment --and becaiDe more nearly self - sufficient in devising and provid ing the instruments and equipment ~t needed . The demand for scien tists and engineers increased accordingly . At the same time devasta tion and impoverishment abroard took an i nevitable toll of European
science , so that the rela tive progress of the United States was
even more marked .lO
The principla effects of the war on science were :

( l) The introduct -

6 Ibid. , pp . 416 -417 .
7see Rev i ew of Data on Science Resources , "Hesearcb and Development
i n the Ele ctric Equipment and Commun ica tion Industr y, 1956 -62 , " I (3)
(January 1965).
Bu . s ., National Science Foundation , Bas ic Research , p . 12 .
9A . Hunter Dupre e , Science in thfJ ~'e deral Government :
Policies and Activ it i~c to 1;~4 0 Can1bridge , Massachusetts :
Press of Harvard University Press , 19~7) , p . 323.

A Histor of
The Belknap

l Ou . S. , Nat ional Science Foundation, Basic Research , p. 12 .

ll

ion of science into society, especially into product ion to the extent that
"industrial research as a branch of the county's scientific establishment
dates its rise to eminence almost entirely to the war period . "

(2) Cooper-

ative research on a large scale was incorporated as many special i s ts work ed with others in their own and related fields for the first time.ll
After the war the electrica l, chemical , and rubber industries made
large outlays for R&D .

The petroleum, f5rm equipment , and automobile in-

dustries began to bui ld large R&D organizat i ons during the 1920's and
1930 ' s.

During this period three -fourths of the personne l in organized

industrail research were employed in these six industries.

Such important

industries as the ste el, nonf errous metals , paper, textiles, and the

~ood

industries used less than one -fourth of the personnel.12
The second World War , like the firs t, had an impact on science and
technology .

"Spectacular achievements such as radar and the atom bomb

from large-scale directed effort gave ne" prestige to scientific research
for both military and commercial purposes . "1 3

The war also brought the

federal gover nment into prominence as a major supplier of R&D funds.
The distribution of industrial R&D performers has changed little
since the end of World War II .

Th e reasons for this are apparent .

Re -

search is not important in indu stries producing simp le mechanical products
suc h as potato mashers and pocket knives.

Recognizing the need to per -

form research, companies face the question of bow much.
llDupree , Science in the Federal Government , p . 323.
l2Robertson , History of the American Economy , p . 564.
l3Arthur Ceci l Bining and Tomas C. Cochran , The Rise of American
Economi c Life (4th ed . ; New York: Charles Scribner 's Sons, 1964, p . 556 .

12
Espe cially is this true for industries whose technology is still in
an ear l y stage of development or for whom the factor of technological
obsolescence is decisive. This may explain why two - thirds of all
industria l scientists and engineers are employed in industries which
have had the greatest growth in the past 30 years -- chemicals and
drugs , electrical and electronic equipment, ~etroleum, automobiles,
air craft, rubber , and precision instruments .
Sci ence in this country has grown from the condition in which the
United States was a major import er of science and technology to one in
which it is a major exporter .

This is evidenced by the number of Nobel

pr izes in scien ce awarded to Americans .

The first prize was awarded in

1901 , the first to an American in a scientific field in 1907 .

Of the 63

individuals to receive prizes in physics , chemistry, or physiology and
medicine between 1901 and 1920, only 2 were to Americans, a mere 3 percent .
Of the 67 awarded from 1921 to 1939, 13, or 19 percent , were to Americans;
and of the 108 since 1943, 48 , or 44 percent , have been to Americans: 15
The application of science and technology discovered through research and
development is one of the most dynamic forces in the economy today.
R&D in

America .Tod~y

R&D performers
The performers of R&D can be classified into four groups.
(l)

Private business .

Private business supplies 33 percent of the

funds for R&D and uses 76 percent.

The primary reason for business ' s

participation in R&D is to develop new

p~oducts

or processes and increase

its profits .
l4John T. Connor , "The Responsibilities of Industry ," Gerald W. Elbers
and Paul Duncan (eds.), The Scientific Revolution : Challen e and Promise
(Wa shington, D.C. : Public Affairs Press , 1951 , pp. 103-lll.
l5"Nobel Prize ," The World Book Encyclopedia, 1965 ed., vol. 14;
"Nobel Prize , " The 1965 World Book, Reviewing Events of 1964 ; pp . 333 - 348;
Year Book . p . 441.
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Figure 1 .

Funds for performance of R&D, by industry and source, 1963.

Source: U. s., National Science Foundation, "Research and Development in American Industry,
1963," Reviews of Data on Science Resources, I (l) (December 1964), 8.
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(2)

Fed eral government.

The federal government provides 65 percent

of the funds and uses 14 percent.

The government supports projects bene-

ficia l to society , wbich usually are not profitable to private firms.
(3)

Educational institutions.

Colle ges , universities, and profes -

sional scboo ls , with their associated research institutions , hospitals ,
and agr icultural exper iment s tations, provide 2 percent of the funds and
use 8 percent .

Educational institutions play a vita l role in training

most of the scientists and engineers performing R&D .

R&D is considered by

many to be an important function of a university , and although they
perform a small part of the total research , they account for about half of
the basic research .
(4)

Other non-pr ofit organizat i ons .

percent of the funds and use 2 percent .

Other organizations supp l y l
The quantity of R&D performed

in this sector is small, but they gi yen suppor t to many pioneer projects . 16
R&D by private business
The major motivating factor i n business decisions is profit . 17

A

firm makes a decision because it expects the results of that decision to
incr ease its profit s .
R&D.

This i s just as valid f or a decision concern ing

If the expected revenue f r om the new product or process exceeds the

expected costs of the project a firm will engage in r esearch, but if the
l6Jacob Perlman, "Introduction to Proceedings," U.S . National Science
Foundation, Proceedings of a Conference on Research and Develo ment and
Its Impact on the Economy Washington , D. C.: U. S. Government Printing
Office , 1958) , pp . l - 28 ; figures for sources and uses of funds are
averages of the 1957 -1961 fiscal years , U. S. , Bureau of the Census ,
Statistical Abs tract of the United States : l 63 (84th ed . ; Washington ,
D. C.: U. S Government Printin g Office, 19 3 , p . 543 .
l7Most of the ide a s for this section are from Richard R. Nelson ,
"The Simple Economics of Basic Scientific Research , " J ournal of Political
Economy , LXVII (June 1959) , 297 -306 .
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e xpected costs exceed the expected revenue a firm will not engage in the
project .
Even though the technology needed to produce a new product or pr ocess
is limited , if the demand is large enough a firm will engage in research
to find the required know -how because it will be profitabl e in the long
run .

However, if the present know l edge is small and the costs of producing

the needed knowledge cannot be estimated with any degree of accuracy the
firm usually will not engage in research until additional information is
known .
The two determining factors of whether a part icu lar research project
is incorporated are (l) the estimation of the incremental costs and re venue, and (2) the relative size of eacb .
If these can be estimated accurately, the firm will be able to collect
the value of the new product or process to society through the market and
the resources will be properly allocated .

If the costs and revenue cannot

be estimated accurately , the resources could be misa llocated .
Two important factors which limit a firm ' s participation in R&D are
risk and time .

Because of the unpredictability of costs and revenue , a

risk -avoiding firm will not perform borderline proje cts .

A large firm

can engaged in several research projects at a time and spread the chances
of loss .

Hence a large firm is more likely to suppor t R&D on a large

scale than a small firm .

This is one reason why the major portion of

R&D in the United States is performed by l!irge corporations .
The length of the pay - off period also limits the performance of R&D.
I t might take a long time to perform the necessary research, and e ven
after achieving success in the discovery of a new product or process , i t
might be considerab le time before the product can be marketed .
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One further point should be mentioned to explain business's support
of applied as opposed to basic research.

Private business does not

generally engage in bas ic research because of the external economies of
scale assoicated with it .

These economies arise from two factors :

(l)

Quite often the results of basic research are of more value to firm other
than the one performing the research .

( 2) It is d ifficult or impossible

to obtain a patent on the results because fundamental knowledge cannot be
patented .
Because of the reasons mentioned atove resources are often misall cated, being diverted to applied research when basic research is of more
value to society .

This is not to say that firms do r esearch only when

it appears profitable.

There are other reasons for t he performance of R&D

(t o improve the pub lic image or as a social ob ligation or perhaps an ex excutive desires to further science) and so there are private businesses
performing basic research which might be of no economic worth to a particu lar firm.
Government R&D
Private business will not devote the resources to basic research
which society deems necessary .

As in other areas, ther e ar e benefits

accruing to society wbicb will not be produc ed by the profit motive .
Government ' s objective should be to provide the R&D of value to soc ie ty,
but which will not be accompl.sihed by competitive bus i ness because of the
lack of profit and other reasons .

Additiona l justif icat i on f or the per -

formance of R&D is to increase the store of knowledge about the world in
which we live .

Although this is a worthwhile endeavor , it is easy to see

that it bas no commercial application and would not be performed by a
profit see king firm .
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A more practical justification for performing basic research is the
fact that today's applied research is productive because of the know ledge obtained from yesterday ' s basic research .

The development of new

and improved products and processes tomorrow depends , to a great extent ,
on the basic research of today.
This justifies par ticipation of the federal gover nment in basic
research .

The government also participates in appl i ed research such as

defen e and space ressarch --areas in which the majority of federal funds
for R&D are expended --agricultural and healt h resear ch , and the collection
of data.

"This financing of scientific work may be regarded as an invest -

ment in the Nation's futur e defen se , resource development , and material
welfare . "18
Effect of government R&D on industrial R&D
There are three views of the impact of federal research on private
research.l9

One is that competition exists between government and industry

the same as between different industries or firms .

Thus , the entry of

government into a field of interest to business in beneficial because it
provides more competition to make the important discoveries.

This aug -

mente the research eff ort , increases the probabi l i t y of success , and
quickens the rate of growth .
Another opinion is that wh en t he gover nment enter s a fi e ld , pr i va t e
intere s ts are lessene d and industry is discour age d from enter ing i t

l~orest G. Hil l , "Federal Expendit ure Policy for Research and
Development , " U. S., Congress , Joint Economic Committee , Federal Expend iture Policy for Economic Growth and Stability, 85t h Cong . , 1st Sess . ,
1957 , p . 1170 .
l9Ralph E . Burgess , "Federal Research Expenditur e Policy and Its
Relation to Economic Growth and Stability, " I bid . , p . 1144 .
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I {December 1964), 4.

be oause any findings by the government are made public and no advan ·sges
accrue to the private fir!ll .

If this is true, there would be less pr i-

yate r esearch activity in fields in which government participates than
LU

fields in which they do not.

This would l ead to f ewer re search att empta,
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reducing the chances of success and retarding economic progress.
However, since discoveries of' government research are made public ,

this could be benefical to some private firms by allowing them to capital ize on the new discovery .

There is also the possibility that the new

knowledge will open f urther areas of' research with eve n greater possible
rewards to private firms .
Still another arguement might be that they are independent so that
governnLl:'nt research ne i ther stimulates nor retards private research .
~a ct

of R&D on the American Economy

One of the best ways to determine the impact of R&D on the American
economy is to examine its impact on the economic goals of the ~nited
States .

'l'he various economic goals are affected to differ ent degrees ,

and rather than consider several aspects on which R&D has had little
effect, the two in which R&D have had their greatest impact will be con sidered - -economic freedom and economic gro,.th .
Economic freedom
One of the important goals of the United States is to maintain
economic freedom .

I t i s generally conceded that a ll c itizens and busi -

nesses sh ould have t he ri ght t o rrske t heir own de c ision s without inter ference fro m the government or anyone else .
An important aspe ct i n mainta i ning economic f re edom is nationa l
security .

R&D have he l ped the nation achieve this goa l .

Since World

War II the federal gover nment bas had expenditures aver aging more than

$4 billion per year on def ense and space -related R&D projects . Actual l y ,
90 percent of the gover nment R&D budget bas been expended in this area .

20
Since 1960 the average has been more then $10 billion a year . 20
Fe~

peop l e

~ill

doubt that these expenditures have had an influence

in maintaining peace at home and abroad.

But , although these expendi -

tures have accompl ished this and perhaps bo l stered our prestige abroad ,
they have not been of direct benefit to the consumer .

The majority of the

projects associated with defens e or space research have little commercial
application.
The defense effort and the research effort connected ~ith it do not
contribute per se to the material well being of the people and ,
inasmuch as goods are not destined for ultimate consumption (ff
strictly defined military spending amounts to economic ~aste) the
impact of such outlays is in~lationary in a per iod of ful l employ ment such as we enjoy today . 2 L
Another influence on economic freedom is the relationship
business and government .

bet~een

If the government is exercising more control

over business by supporting R&D, this would tend to diminish business's
economic freedom.

To avoid th is problem the government has followed the

po licy of using contracts and grants for the major portion of its R&D
expenditures .

If the government - financed R&D on 1963, 80 percent was

performed by "extramural" performers,

~·

business , educationa"j. and

oth er institutions out side the federal complex .

Government agencies

pe rformed the remaining 20 percent.22
Another possible outcome of government

R&~

is the formation of a new

industry creating new i nter-industry compet ition.

New discoveries bring -

ing forth added information or a completely new product could make new
20u . s ., National Science Foundation , Federal Funds for Research ,
Development, and Other Scientific Activities ( Washington , D. C.: U. S.
Government Printing Office , 1964), pp . 150 -151.
21Burgess , "Federal Research Expenditure Policy," p. 1142.
22U.S ., National Science Foundation, Federal Funds for Research,
pp . 14 , 18.
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commercial application feasible, making possible a new industry and creating
competition which did not exist before .
An example would be the automobile industry .

Because of control of

the market by large oligopolies, it would be virtually impossible for a
new firm to enter the industry and attain a profitable position .

But if a

new firm had a good marketable substitute for the automobile , it could complete
with the present automobile industry and attain a profitab l e position .
The possibility of new discoveries , as well as their actual app lication
seems to bolster competition in a capitalistic system.
Economic growth
Another of the important goals of the American economy is economic
growth - - growth in real national product and a rising level of l i ving .
are many factors which affect the growt t of an economy .

There

Unquestionably , one

of the most important for a highly developed economy such as the United
States is R&D.

Alvin Hansen, noted Harvard economist, emphasized its

importance in the following way :
What now are the real bases of long -term growth? The answer ,
I believe , is not capital accumu l ation though thi s plays a
necessary albeit restricted role . The answer , I suggest, is
rather scientif ic research and invention . I f these can be made
to grow at a more rapid rate than in the past , t hen we sha ll in
the usual case be able t o open up deeper and broader outlets for
investments , and thereby acce l erate the rate of l ong-term gr motb . 23
Th e chain of e vents l eading from res ear ch to growth ar e :
(2) invention, (3) innovation, and (4) economic growth .

( l) r esearch,

How does

23Alvin H. Hansen, "Federal Tax Pclicy f or Economic Growth and
Stability, " papers submitted by pane list bef ore the Subcommittee on Tax
Policy, J oint Committee on the Economic Report, November 9 , 1955, pp . 15 -16,
cit ed in U. S., National Science Foundation , Proceedings of a Conf erence
on Research and Development and i t s Im act on the Economy (Washington ,
D.C .: U. S. Government Printing Office , 195 , p. 5·
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R&D have this impact?

The instruments of this impact can be traced to

increased productivity and increased demand .

24

New methods of production lead to greater productivity and allow
more efficient use of capital and resources.

Studies have shown that

companies performing "intensive" R&D have increased their productivit y
2
and profits at a faster rate th an companies not perfor ming R&D. 5
In the United States about half of the economic growth is attributed
to increases in productivity , which can be attributed mostly to tech nological change through organized research and organizational change by
management .

(Education undoubtedly plays a strategic role in both

phases . )26
Increases in productivity make it possib le for growth to be attained ,
but the implernenta l f act or i s the level of aggregate demand .

Only as R&D

increases demand will it have a noticeable effe ct on grm1th .27
R&D affect demand by creating new or improved products which cause an
increase in demand directly in the consumer market and indirectly in the
cap ital market .

If the r esult pf research is a new production process

or technique , the demand in the capital market will i ncrease as firms
implement the mor e efficient methods .
24see Sumner H. Slichter , "Technological Rese arch as Re l ated to the
Growth and St abi lity of the Economy ," u.s. , National Science Foundation,
Proceedings of a conference . . . , pp . 108 - 109; John T. Connor , "Research :
The New Dynamo for Economic Growth," address before the ~'ederal Wholesale
Druggists ' Association Inc ., White Sul phur Spr i ngs , West Virginia , Sept ember 19, 1960 , unpaged .
25Nestor E. Terleckyj , Research and Development: Its Growth and
Composition (New York : National Industrial Conference Board, Inc .,
1963) , PP · 55 - 56 .
26Ibid . , p . 1 ·
27See Irving H. Siegel, "The Role of Scientif ic Research in Stimu lating Economic Progr es s ,

11

in

11

Investing in Education and Research ,

American Economi c Review , L (May 1960 ), 343 - 344.

11
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By these two methods , R&D quicken
the pace of scientific and technological progress , which in turn
increases the rate of economic growth . This dynamic process yields
new and improved commodities, new industires , increased interindustry
competition , and new and cheaper processes and methods of production .
In consequence , new investment opportunities appear , labor and capital become more producti ve , and the gross national product rises . 2B
American history is re plete with examples of how this has taken place .
In earlier times an invention often caused the birth of a new industry ,

which sometimes had an impact on the entire economy .

Examples include the

railroad , electrical, and automobile industries .
In more recent imes most inventions have had a less significant

general impact , but have undoubtedly had an influence on growth .

Such

inventions as television, the transistor , and the electronic computer
have changed our society and helped cause more rapid growth and a faster
rising standard of living .
Because of the impact on the economy of gener ating economic growth ,
R&D have "become the most dynamic economic force of the decade . "29

28Hi ll, "Federal Expenditure Policy, " p . 1165 .
29Connor , "Research :

The New Dynamo . .

CHAPTER III
R&D IN UTAH

The Economy in Utah
Population
In the latter part of 1964 the population of Utah reached the one
million mark.

The 1960 census listed tte population of Utah at 890,627,

slightly less than 0.5 percent of the nation's population .
Utah ranks 38th with other states in population, and llth in land
area.l

Although these figures do not indicate it, Utah is an urbanized

state .

Of Utah's residents, 75 percent are classified as urban compared

to a national average of 70 percent .

It J.s the tenth most urbanized state

in the nation and ranks above Michigan, Petmsylvania, and Indiana, and all
eleven Western states with the exception of California .

Urbanization is a

relatively recent occurence in Utah, rising from 65 percent to 75 percent
during the 1950's.
The high urbanization is mainly a result of the topography and
climate .

Much of the State is barren wasteland or mountainous .

Because of

scanty rainfall there is only sparse vegetation in nine-tenths of the State . 3
l"United States" , The World Book Encyclopedia (Chicago" Field Enterprises Educational Corp., 1965 ed) , vol . ltl, p . 52.
2Leonard J. Arrington and George Jensen, "UtaJ;j's Emerging Metropolis :
The Wasatch Front" , Utah ' s Urban-Rural Revolution , Sixth Annaul Agricul tural and Industry Conference , Utah State University, Logan, Utah, Feb. 6,
1962 (Logan, Utah : Utah State University , 1962), pp. 9 , 22 .
3"Utah" , The World Book Encyclopedia , vol. 18.
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Becaune ot' the environmental conditions the population and industry
are concentrat ed in the valleys of the Wasatch Mountains , east of the
Great Salt Lake .

The four - county "Wasatch Front" (consisting of Weber,

Davis , Salt Lake , and Utah counties) while comprising only 4 . 2 percent
of the land area , accounts for 75 percent of the population.4

Businesses

in this area ac:counted for 80 ]Jercent of the payro llo, production workers ,
and value added of the manufacturing industries , 5 and an equal percentage
of total emp loyment in the State in 1963 . 6
Employment
Utah's labor force bas not been growing as fast as its' population,
but non-agricultural employment bas been gorwing faster.

This has been

caused by a shift of employment from agriculture to industry .

During

the 1950 ' s the population increased 29 percent, the labor force 27 percent, and non -agric ultural employment 39 ]Jercent while agricultural em ployment decreas ed 24 percent.7

Tbe distribution of the labor force

in 1953 and 1963 is given in table 1 and abowa the change in each sector
for that period.

5u . s . , Department of Commerce, 1963 Census of Manufactures , Area
Series/Utah , preliminary report, (Washington , D.C . : U. S. Government
Printing Office, 1965) , P · 5·
6utah Department of Employment Security , Utah Annual Report Supple ment j 1963 (Salt Lake City, Utah : Utah Department of Emp l oyment Security,
1964 , p . S-29.
7~ . , pp .

S-5 to S-8 .
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Table l.

EmJ2lO;tment in Utah
Percen~

of Total

Employmentb
1263

%

Industr;t

1253

196 ~

Agriculture

20 . 0

14.8

51.4

- 5 . 5%

llanufacturing

12.4

15 · 9

54 . 8

63.af.

Mining

5.0

3.4

11.9

- 13 . 3%

Construction

11 . 1

5.1

17 . 5

56 . 8%

Transportation & Communication

8.6

6.3

21.7

-6 . 8%

17.8

19 . 0

65 .6

34 . 8%

Finance, Insuran ce & Real Estate

2.8

3.6

12 . 5

61.5%

Service & Miscellaneous

8.6

11.2

38 . 9

65 . 3%

20 . 7

20 .7

71.6

27 . 2'1>

363 . 7

28.9'f,

Trade

Government
Labor Force

Change

Source : Utah Department of Employment Security, Utah Annua l Re12ort
SupElement, 1963 (Salt Lake City , Utah: Utah Department of Employment
Security, 1964) , pp. S- 8 to S- 9·

The largest employers in the State are the various levels of govern ment , employing 72, 000 people .

The percentage of the t otal employment at

the federal level , almost half of total government employment , act ually
decreased during the last ten years, but this was offset by a 65 per cent
increase at the ot her tw o le vels .
The largest private employment is in wholesale and retail t r ade , with
employment of 66 , 000 , fol l ow ed by manufacturing with 55 , 000 .

Manufact -

uring employment has bee n increasing in importance annual ly except for
the recession of 1958 .

The most significant change i s the manufacturing

sector has been in dur ables , which mor e than doubled i t s employment during
the ten -year period .

This has occurred primarily because of t he advent of

27
th e missiles industry.

The relative importance of primary metals and good

and kindred products bad a considerable decrease during the decade .

Personal income reached the $2 billion mark for the first time in
1963 .

It has grown at t he rate of 7 percent a year for the past decade ,

slightly faster than the United States figure.B
Real per capita disposable income was $1,648, almost nine -tenths of
tbe United States figure in 1963.9

Tbis smaller tban average figure is

caused by the employment of a smaller percentage of tbe population and
a larger proportion of the population being under the age of 21 .

On a

family income b~sis the State is generally the national norm.lO
The sources of personal income differ considerab l y from that of the
nation, but not to tbe extent that it did ten years ago .

Utab derives a

larger part of its income from mining, government , contract construction,
and utilities and transportation than the nation as a whole , but less
from manufacturing , agriculture, services , and finance , and insurance.ll
In comparison with the other Rocky ~lountain states, Utah receives

more of ber income from mining , manufacturing, and government , but less
from agriculture , services , and communications.l2

Bu . s ., Department of Commerce , Survey of Curr ent Business, XLV,
(April 1965), 13-24 .
9Ibid .
lOElRoy Nelson and Osmond Harline, Utah's Changing Economic Patterns ,
1964 (Salt Lake City , Utah : University of Utah Press, 1964 ) , pp . 4 - 5 ·
llsee table on following page .
l2u . s . , Department of Commerce, Survey of Current Business , XLIV ,
(August 1964) , 23 .
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Table 2 .

Percentages of total personal income from major industrial sources
in Utah and the United States .
u.s.
Utah
1963
1963
1957

Industry

Basic Physical Production
Agriculture

6.4

3.0

4 .4

Mining

7.8

4.8

1.2

15, 9

19 . 7

29.2

Manufacturing

lC . O

8 .3

7.4

9 ·2

8 .8

6 .4

49 . 2

44.b

48.1)

19.4

19·7

19.1

Finance and Insurance

4.1

4.3

5.2

Services

9.4

10 . 2

13 . 5

17.7

21.1

13.2

0.1

O.l

0.4

50 . 7

55.4

~

Utilities and Transportation
Contract Construction
Sub Total Production
Trade

Government
Other and

~1iscellaneous

Sub Total Service

Source : U. S. , Survey of Current Business , XLV (August 1964 ), pp. 18,
22 , XLI (August 1958) , p. 20 .

R&D Population
The performers of R&D in Utah can be classified into four main
groups :

(l) manufacturing firma, (2) universities and their associated

enterprises , (3) federal defense insta llations , and (4) re search, deve lop ment , and testing laboratories.

One of t he purposes of this study was

to determine the extent of R&D within there groups, and the resulting
impact on Utah ' s economy .
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Manufacturing firms
There are 1,130 manufacturing firms in Utah .

Since most of the R&D

in the State is performed by the larger firms , it seemed logical to assume
"thut any R&D performed by a single sma l l firm , if i gnored, would be of
little conse quence .

For purposes of this study only thos e firms with

more than 25 employee s in the following industries were considered to be
important potential performers of R&D.

Aircraft and missiles , e l ec tric

equipment and communication, chemicals and allied products, professiona l
and scientific i nstruments , and petroleum refining and extraction .

Firms

in these industries , because of the nature of their product s , were con sidered to be more likely t o perform R&D than firms in other industry
classifications .

In all other manufacturing classifications only those

firms which had more than 100 employees were considered .

With these

restrictions , the number of possible performers of R&D in Utah's manufact uring sector were reduced to 120 .
To determine whether or not a particular form pe rformed R&D a question naire (App endix A) was sent which required only

11

yes 11 or

11

no" answer .

The questiormairc '"'-'S made simple with the hope of obtaining a high response ,
All firms which did not reply were contacted persona l ly to determine if
they performed R&D.

Of the 120 manufacturers , 25 performed organized R&D .

A second questionnaire (Appendix B) was sent to the 30 firms to
determine the extent of R&D by the particular companj as well as to ac quire information which wou ld reduce the essentia l information to be obtained by personal interviews .

All firms were to be interviewed , but

gathering data by mailed questionnaires saved time .
In view of the heavy concentration of Utah R&D in a few large firms

and institutions , it did not seem to be a wi se use of resourc es to study
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the economics of R&D performed on a small basis .

To consider firms which

employed l ess than five R&D sc ienti sts or engineers in comparison with
firms which hired hundreds of such persons seemed impractical .

The

elimination of firms which employed less than five scientists and eng ineers
on R&D limited the sample in this category to 15 firms .

Th e 10 firms

exc luded from intensive study only emp loyed 34 persons in R&D .

The 15

firms and the R&D perfor med are :
1.

Atlantic Research Corporation -- missi les, chemicals

2.

Bennett's -- paints and varnishes

3· Christensen Diamond Products Company -- oil field machinery
4.

Combined Meta l s Reduction Company

-- metals , plastics

5· The Eimco Corporation - - mining , machinery , ste e l
6. Hercules Powder Company -- missiles

7·

Kennecott Copper Corporation --copper, chemicals

8.

Litton Systems, Inc . -- electron ics

9·

The marquardt Corporation -- missiles , aircraft engines

10 .

McGraw -Edison Company (Ajax Presses) -- laundry and dry
cleaning machinery

11.

Model Engineering & Manufacturing Company (Montek ) -e lectronics

12 .

Sperry Utah Company -- missiles , e l e ctronics

13 .

Thiokol Chemica l Corporation -- missiles , transport a ti on
equipment

14 .

United States Steel Corporation -- s teel, ch emicals

15 .

Utah - Idaho Sugar Company -- beet sugar

Universitie s

There are three major universities in the pro ject ar ea :

Utah State

University , Brigham Young University, and the University of Utah.

The
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universities have long been employers of person s in R&D.
Federa l defense installations
Utah bas eight major Department of Defense installations .

Six of

these perform R&D :
1.

Deseret Test Center -- chemistry, biology , public health

2.

Dugway Proving Grounds

3·

Green River Missi le s Test Complex -- missiles

If .

chemistry, biology , radiology

Ogden Air Materials Area at Hill Air Force Base
missiles

5· Tooe le Army Depot -- munitions

6. Vernal Air Force Seismological Site -- nuclear detection
Research , development. and testing laboratories
This sector of R&D establishments inc lud es St andard Industrial
Classification 9391 -- research , development , and testing laboratories;
and medical laborator ies performing R&D .

There are 12 firms in this

category in Utah not associated with universities .
national firms with small branches in Utah.

Most of these are

Four perform significant R&D :

1.

Avco Corporation - - aerospace } chemica l s

2.

C-E- 1 -RR- - statistical

3·

Intermountain Research & Engineer i ng -- metallurgy

4.

Utah Research and development Company -- aerospac e

The eight firms which were included 19 persons in R&D .
Final sample
The final sample of Utah R&D performers includes the following firms
and enterprises :
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Table 3.

Utab's R&D population
Number

Category
Manufacturing firms

15

Universities and Associated eLterprises

3

Federal Defense installations

6

Research , development & Testing Laboratories

4

28

Total

Although several small performers of R&D are eliminated, this sample
includes virtually all of the R&D performed in Utah .
R&D by Utah Enterprises
Traditional manufacturing firms
The two firms in this category which are the most significant performers of R&D are the Kennecott Copper Corporation and United States Steel
Corporation.

Kennecott Copper Corporation is the largest producer of

copper in the world and one of the 100 largest manufacturing concerns in
the United States . l3

The Utah Copper Division ' s facilities include two ore

concentrators , a smelter, and electrolytic refinery , and a large steam
elec tric generating plant , in addition to a large open pit mine . l4
Kennecott employs more than 5, 000 persons in Utah and pays in excess of
$35 million in payro ls annually .

Their Bingham Mine has produced

~5

l3"Kennecott Copper Corporation , " The World Book Encyc l opedia, v . 10,
p. 213.

l4Leonard
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billion worth of copper and more than $1 billion in other metals.

It is

the world ' s second largest producer of copper and molybdenite , and the
second largest producer of gold in the Western Hemisphere.

More me t a l bas

been prod uced from this mine than from any other single mine in the world .
Extracting the value from th e earth bas not been an easy task and
hao bec ome more difficult as time has progressed .

It has required the

ren1ova l of more than 2 . 2 billion tons of overburden, more than i'or the
Pamun" Canal.

Ore containing as little as 0 . 4 percent cop.,er is sh ipped

tu tbe smelter for refining .
A J,Jrofusion of ne;J techni ques :>nd equipment bas appeared on the
o ~en~ --new techniques of e~ra•tity concentration and the developwent of the flotation process of dressing ore. For i t was at
.~:>iut~htuu that mining engineers perfected the technique of mass
;;x·oduction of minerals --atechnolog;Lcal breakthrough which bears
1· ~•ernb lance in basic importance to the development of the factory
system in industry.l5

Reoearch and innovati on have been indispensable to the success of Kenne cott.
of'

To further R&D , a r e search laboratory was estab lish ed on the campus

tu~

UJ,lversity of Utah .

bouJ~ tu~

In 1954 a $1 , 250 , 000 facil i ty was built to

research center .

1~io laboratory functions to coordinate and expand
of K~nnecott's four Western min ing divisions --Utah

the research
Copper , Nevada
Mines , Ray Mines , and Chino Mines . In addition to i mprovements
in the recovery of molybdenit e , research staff members have
developed a method for recovering rhenium, and more efficient
methods of recovering by -product metals from the electrolytic
refining proc e ss. Tod ay , th e output of t he Utah Divis ion in cludes p l atinum, pa l ladium tellurium, s e lenium rhenium, and
nickel sulphate . lb
The Geneva Works of the Columbia - Geneva Steel Division uf United
States Steel Corporation was constructed for the government during Vlorld
War II as a precautionary measure to assure adequate steel sourc e s for
15~ . P ·

8.

1 6Ibid. p . 78 .
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the pacific Coast users in case the Panama Canal was attacked.l7
purchased by U. S. Steel in 1946 .

It was

The capacity of the plant was increased

from 1 . 2 mi llion ingots annually to more than 2 million ingots in 1958.
One of the largest and most modern integrated steel p lants in tbe nation ,
it employs almost 5, 000 persons and has an annual payro ll of more than
$40 million .

Because of competition and other factors, the division has

stepped up its research activity by establishing a laboratory adjacent
to the factory .

Improvements in both the final product and production

techniques have helped lower coats and expand markets .
Missiles and e lectronics
Prior to 1956 this industry was essentially non - existent in Utah ;
since then it has grown and become the largest single industry ( in terms
of payroll and employment) in the State .lB
The first appearance of missiles in the State was the establishment,
in 1956, of the Sperry Utah Engineering Laborator ies by the Spery Rand
Corporation of New York City .

Sperry is located in Utah because of the

relative proximity to its Sergeant missile co - contractor, Jet Propulsion
Laboratories in Pasadena .
in New Mexico .

California , and the White Sands Proving Grounds

The purpose of the Utah laboratory , with 500, 000 square

feet of floor space, was research and production of the Sergeant medium
range ballistic missile.

Payrolls of the firm since 1957 have averaged

l7Information on W. S. Steel from Growth of the Iron and Steel Industry
in Utah (Columbia -Geneva Steel Division , United State Steel Corporation,
Geneva Works) ; "U . S. Steel Shows Big Gain , " The Salt Lake Tribune , January
15 , 1958 .
lBinformation
George Jensen , The
University , 1965) ,
Economic Patterns ,

on the missiles industry from Leonard J. Arrington and
Defense Industry of Utah (Logan, Utah : Utah State
pp . 16-22, 28; Nelson and Harline , Utah ' s Changing
1964, pp . 60 -62 .
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$20 million per year ,
$18 million per year .

;li tb

a high of $23 mi llion and a present rate of

In addition to extensive work on the Sergeant

missile , Sperry bas engaged in many R&D projects .

These have included

studies of advanced weapons systems , missi l e and fire control applica tions for ground and airborne limited war weapons , radar , and process
control , and the application of computers to commercial activities .
The largest R&D facility in Utah is that of the Tbiokol Chemical
Corporation .

Constructed on an 11 , 000 -acr e site in Box Elder County ,

west of Brigham City , this $15 million plant was built partly by the Air
Force and partly by private financing .

The choice of location was based

upon the need of room for expansion as well as a suitable place for the
testing of rocket engines .

In the early 1960 ' s Air Force Plant 78 was

constructed near the R&D complex, bringing the investment of Tbiokol
and the Air Force in Box Elder County tc more than $80 million .

Employ-

ment by Thiokol's Wasatch Division reached a peak of 6 , 100 in 1962 but
bas dropped to a present level (August 1965) of 2 , 700 .

R&D expenditures

on the Minuteman missi le from 1957 to 1959 were $77 million.

In addition

to the first stage of Minuteman , R&D bas included probes in the upper
atmosphere and the response of parachute system to bigb - al"titude winds .
Thiokol research resulted in new ~rocesses including pr opellants , metals ,
plast ics for rocket motor cases , and insulat ion materials; new designs
for rocket motor s and nozzle s have also been developed.
The Hercules Powder Company bas been in Utah since 1914.

Emp loy -

ment was smal l until 1955 when the awarding of defense contracts made
possible the construct i on of extensive R&D facilities at Bacchus, 20 miles
soutbwes"t of Salt Lake City .

A large expansion progra~ was started in

1958, and with the construction of Air Force Plant 81 in the early 1960 's
the total investment at the Bacchus reached $47 mill ion .
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Employment by Hercules reached 5, 900 in 1963 , but dropped to 3,500 by the
summer of 1965 .

Most of the activities at the Bacchus works are for the

pr odu ction of the third - stage Minuteman motor , and the Navy's Polaris
missile.

Important recent contracts have bad to do with the Poseidon

missile .

Minuteman contr acts have totaled $300 million and Polaris con -

tracts $100 million .

The company has also produced smaller solid -fuel

motors .
The Marquardt Corporation located in Ogden in close proximity to
Hill Air Force Base and also because of adequate testing facilities in
the vicinity .

The main purpose of the Utah complex was the production

and testing of ramjet engines for the Bomarc ground - to -air missile .
As the production of Bomarc was phased out , Marquardt actively
bid on subcontract work with other missiles and aerospace man ufacturers and continued its active program of research. Marquardt
has been involved with advanced space research , and weapons system
support and manufacturing.l9
Federal defense installations
The largest single employer in Utah is Hill Air Force Base, south of
Ogden . 2°

Tbe base was established in 1942 as a repair and maintenance

bas e and for the stora ge of material .

Since 1952 the command , which was

renamed tbe Ogden Air !-1aterial Area , bas become the "Missile Center of the
Hest .

11

It assembles , repairs , and maintains several missiles including

the Minuteman.

In 1964 the $7·5 million Hill Air Force Range was comp l eted

in tb e northeast section of the Wendover Range Comple x in western Utah.
It was established to study and test missile motors , mostly Minuteman .
l9Arrington and J ensen , The Defense Industry of Utah, p . 22 .
20Information on Government installation from Ibid ., pp . 3 -6 , 23-24 .
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The dugway Proving Ground , 85 miles southwest of Salt Lake City ,
;;as activated in 1942 as a proving ground for the Chemical Warfare Ser vice .

It was established to conduct large - scale testing of chemical

munit ions, but also perfor med other biological research .

In addition ,

incend iary weapons and protective equipment which was used during the war
were developed .

The installation was deactivated af ter the war.

During the Korean Conflict the reactivated base carrie d on a
stepped - up program of testing material and equ i pment for the
Army Chemical Corps , working on fla me throwers , smoke generators,
and both Napalm and incendiary bombs . In addition to toxic gas
tests , meterolog ical test , and bacteriological tests , recent
a ct iv ities have i ncluded ecological systems surveys, radiation
tests , and a Chemical Biological and Radiological Weapons Orient ation course for key Department of Defense civilian and military
personnel . For such purposes it is the major proving ground in
the nation . The ecological systems survey includes biological
inventories of various areas and the study of diseases endemic
in animals -- the r elations of various an imals to vegetation ,
animal disease pathw ays , and the control of diseases . Th ese
are studied as pertinent aspects of basic epidemiological trans mission cycles . 2l
The entire facilities , including 500 bui ldings , are valued at $52 , 4
million and utilize approximately 2 , 000 mili tary and civilian personnel .
Dugway is operated by the U. S . Army Test and Evaluation Command .
The Deseret Test Center , with headquarters at Fort Douglas, east of
Salt Lake City , carries out an active research program at Dugway .

Under

the jurisdiction of the United States Army Materia l Command, it was es tablished in 1962 to "coordinate servic.e and public health int erests in
defensive chemical and biological t esting ." 22

The Center emp l oys 63

military and 113 civi l ian personnel.
The United St ates Air Force con structed the Green River Test Comp l ex in 1963 to study payl oad re - entry p~oblems .
21Ibid ., p . 12 .
22Ibid . , p . 3.

The main purpose of the

38
complex is to fire missiles which impact at White Sands Missile Range
in Arizona .

Employment at the site is 450, mostly by private contractors .

R&D at universities and associated enterurises
With just over one million residents , Utah is the home of thre uni versities and six co l leges and junior colleges , with a total enrollment
of 37,893 students in 1963 , of whom 38 percent were non -residents.

This

does not include enrollment at the State 's two trade technical institu tions of 1,412, and evening school enrollment of 1,700 . 23

The universities

in Utah have not only performed research , but have influenced the loca tion of research - oriented industries in the State by providing a scienti fically ab le and technologically capable labor force .
Utah State University .

Organized research began in Utah with the

establishment of the Utah Agricultural Experiment Stat ion in conjunction
with the founding of the Agricultural College of Utah (now Utah Soate Uni versity) . 24

The college was founded as a Land Grant College under the Fed -

eral Hatch Act of' 1887 , and an act of the Utah Territorial Legislature in
1888.

In 1890 the first president and director was appointed and money

appropriated for a chemical laboratory and farm house .

Before t he year had

passed , two bul letins had been published , giving evidence of early research
work at the station .

Most of the

resear~h

work , including that of the

Engineering Experiment Station organized i n 1918 , was d i rectly or in directly associated with agriculture until after World War Ir.25
23Nelson and Harline , Utah's

Changi~g

Economic Pat terns , 1964 , p . 2 .

24rhe name was changed to Utah State Agricultural College and in
1955 to Utah State University .
25utah State University , Pioneering in Western Agr icul ture , A Resume
of the First Half - Centur of Research 1BBB-193B at the Utah Agricultural
Experiment Station , Utah Agricultural Experiment Station Bulletin No . 2 2 ;
Logan , Utah : Utah State University , 1938) , pp. 10 , 13 - 14 , 123
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Even as late as 1955 , 98 percent of the research funds26 were assigned to
the Agricultural Experiment Station .

(All of this wou ld not he classi -

fied as agricultural research, but most of it would .)

Associated with

USU since 1942 is the Utah Scientific Research Foundation, now owned by
the University.

The Division of Research was organized in 1955; funds

were established to pay staff members to do research during the academic
and summer quarters ; and in 1965 the Director of the Division of Research
was appointed to the position of Vice President for Research.

This shows

the change in scope and emphasis of research at Utah State University
during the past decade.
The distribution of research funds in 1963 - 1964 was 40 percent to the
College of Engineering , 32 percent to Agriculture , 18 percent to Science ,
and 10 percent to the remain ing colleges.
four main areas:

The funds were utilized in

26 percent for natural resources, 24 percent for aero -

space , 23 percent for food, and 15

p~rcent

areas of research receiving 12 percent .

for basic biology , with other

The amount of research performed

at Utah State University has grown from $1.0 million in 1955 to $5·7 for
the 1963 - 1964 fiscal year .

The Federal government supplies 64 percent of

the funds; 16 percent from State appropr iat ions; ll percent from Utah' s
2
Uniform School Fund; and 6 percent from private and other sources. 7
In addition to the development of wheat and other grains , tomatoes ,

onions , and other corps and improved breeding anima l s , Utah State
26Research in this section includes research in the social sciences
and psycho logy , literary studies , and other ar eas whi ch do not correspond
to the previous definition of research.
27utah State University, Division of Research , Biennial Report,
1962 -1964, (Logan, Utah : Utah State Uni•1ersity , 19~ 7.
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University research has attracted world -·Nide attention in water resource
and water management studies , snow surveys for pred icting stream flows,
soil -water relations , and drainage . 28
The University of Utah.

Although a predecessor of the University of

Utah (University of Deseret), was organized forty years before the found:ng of the Utah Aericultural College, it did not attain a prominent statu s
:n research until recent years.

Organized research started in 1909 with

the establishment of the Engineering Experiment Station.

Four years

later the Department of Min ing and Metallurgica l Research was organized .
Research during the early part of the twentieth century was generally
restricted to this area .

It was permitted in the University a s a whole

only if its cost was min i mal interms of
instruction.

~oney

or time from undergraduate

The Biolog i cal Survey of Utah and the Geological Survey of

Utah were established in 1919 with hopeful planning for research, but
lack of funds presented action until the 1930's .
In the thirties when the atmosphere of university life was rela tively complacent, research was conducted for the most part in a
leisurely manner as an adjunct to teaching , under little pressure
and with little or not special financia l support . 29

With the upsurge of R&D during World War II a nd realization of its
importance by Washington and the public, research took on a new outlook
at the University and th e faculty recognized the importance of research
and established programs to implement l.t.

A research council was organ -

28utah State University, To the Commission of Higher Schools of the
Northwest Association of Secondary and Higher Schools , Self -Evaluation
Report No . l ( Logan, Utah : Utah State University , 1958), pp . 95 -96.
29Ralph v. Chamberlin , The University of Utah, A History of Its
First Hundred Year --1850 -1950 (S~lt Lake City, Utah: University of
Utah Pres s, 1960), p. 527-
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ized, and in 1945 the first research fellowships and assistantships were
mad e available.

In

1947 a further boost was given to research when faculty

member s were hired for four quarters instead of three.

One of the quart -

ers was required to be devoted to research work or some other form of
11

self - improvement. 11 30

Total expenditures for research3l grew from $84 , 000 in 1945 to $2.1
million in 1955·
million .

Total research expenditures in 1963 -64 were $6.1

Most of this is medicine and related areas .

Of the total grants

received by the University during the 1960's , 43 percent were in medicine,
28 percent in the biological sciences , 23 percent in the physical sciences ,
5 percent in the social sciences, and l percent in humanities . 32
Brigham Young University.33
to Bragham Young University .

Organized research is a recent addition

Before the fall of 1952 there were no formal

means of attaining financial help for research , nor were there any
University funds set aside for the purpose .

There are only two grants

on record before that time , one to the Chemistry Department from Kennecott
Copper Corporation and one to the Botany Department from the Utah -Idaho
Sugar Company .

In the fall of 1952,

Dr. Harvey Fletcher, who bas been

30~ ., pp . 270 -271, 437 , 499, 529.

31Researcb expenditures here include research in the social sciences
and psychology , as well as training programs , fellowships, and other
areas which do not correspond to research as previous ly defined.
32university of Utah "Report to the President from Cooperative
Research for the Fiscal Year 1964," Salt Lake City , Utah, 1964.
33All information on research at Brigham Young University taken from
"Eleven -Year Report of the President (1950 - 51 to 1960 -61 ) of Brigham
Young University and Eight -Y ear Report of the Administrator (1953 - 54 to
1960 - 61) of other areas of th e Unified Church School System, " Brigham
Young University , Provo , Utah , 1961, pp . 127 -129 . The figures for r e search in the social sciences , as well as poetry, and musical composition .
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nationally recognized for his pioneer work in acoustics , was appointed
Director of the newly formed Research Division .

By the end of 1952 he

had obtained two grants and laid the foundation for others.

He also help -

ed establish a summer salary program to enable faculty members to perform
research.
In

1956 the University made an agreement with Research Corporation

of New York City to market its inventions.

Under this agreement proceeds

of discoverj.es made at Brigham Young University are divided so that 15
percent goes t o the inventor , and tbc remainder is divided approximately
equal between Research Corporaoion and the University , whose share is
devoted to research .

Further incentive for faculty research was provided

by the Faculty Research Program established in 1961 .
Research expend itures grew from $32 ,650 i n 1952 -1953 to more than
$327 , 000 in 1961.
Federal Funds for Utah R&D
By far the largest supplier of R&D funds in Utah is the Federal
government . 34

Utah received 1.1 percent of total Federal government R&D

obligations in 1963 and 0.5 percent in 1964 - - $135 , 8 million and $65 . 1
million respectively.

Most of the government R&D ob ligations in Utah are

made by the Department of Defense -- 84 percent in 1961+ and 93 percent in
1963 .

If the National Aeronautics and Space Administration and the Atomic

Energy Commission are added to the Department o1" Defense figures , the
34rnformation for this section is from U. S. , Nat ional Science
Foundation, Obligations for Research and Development , and R&D Plant , by
Geographic Divisions and States b Selected Federal Agencies Fiscal
Year 19 1- , a report to the Subcommittee on Science , Research , and
Development of ohe Committee on Science and Astronautics , U. S. House of
Representatives.

figures are raised to 86 percent and 94 percent , respectively.
J.ppendix )

(See

Other major suppliers of R&D funds are the Department of

Eealth , Education, and \olelfare , with 6 . 2 percent of the funds , and the
cepartments of Interior and Agriculture >~ith 3.6 percent and 2 . 5 percent,
respectively.
On

R

per capita basis, Utah received and equal portion , in compari-

son with other states , of total R&D funds in 1964.

Utah received more

than her share of Agriculture , Defense , and Interior funds, a fair share
of Health , Education , and Welfare and National Science Foundation funds ,
and less than her share of funds from the Department of Commerce , the
J,.tomic Energy Commission , and the National Aeronautics and Space Adminis trat ion .
More federally - financed R&D is performed by government agencies in
Utah than in the nat ion as a whole -- 31 percent compared to 19 percent .
Profit organizations performed 54 percent of the R&D in Utah and 66 percent
in the nation .

The proportion performed in educational institutions is

14 percent in Utah compared to 12

percen~

in the nation .

Much of the distr i bution of government - supported R&D is a result of
the relatively high concentration of the missiles industr y in the State .
Ut ah ranked first with the highest concentration in one category of
military prime contract award ed in fiscal year 1962 .

Missiles were re -

sponsible for 87 percent of the prime contract awards in the State , opposed
to a national average of 27 percent .

Experimental , developmental , te"l ,

and research work accounted for 40 percent of these awards.35
35u . s ., Department of Defense, Five-Year Trends i n Defense
Procurement, 1958 -1962 (Washington , D. C.: Office of the Secr etary of
Def ense , 1962) , pp . ll, 62.
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Although the activities of the mis s iles industry in Utah has tapered off,
it is still the most prominent performer of industrial R&D in the State .
Expenditures for R&D in Utah
The amount of R&D performed in tbe State of Utah has been growing in
tbe State as it has been in the nation .

This growth and its impact are

indicated by the following table comparing R&D expenditures in 1964 and
1958 .

Table 4 .

Expenditures for R&D in Utah
19 4

Total R&D Employment
R&D Employment of Scientists and Engineers
Total R&D Expenditures
R&D Payroll
Investment in R&D Facilities

195

2 , 467

1, 220

871

214

$60 , 890,146

. $26 ,815,894

26,329, 673

12 , 497,788

6 , 353 , 286

4}738 , 603

CHAPTER J:V
INCOME AND EMPLOYMENT MODELS
Economic Modelsl
Very little is gained in economic analysis with simple qualitative
statements of tendencies which in and of themselves often mean very
little.

For example , the statement that R&D expenditures in Utah create

income for Utah residents is tautological and contributes nothing to
understanding:

for the impact may be great or meager .

As Lord Kelvin

stated :
When you can measure what you are speaking about, and express it in
numbers, you know something about it; when you cannot measure it ,
when you cannot express it in numbers, your knowledge is of a meager
and unsatisfactory kind; it may be the beginning of knowledge, but
you have scarcely, in your thoughts, advanced to the stage of
science . . . . 2
This is one reason for the use of theories and models in economic
analysis .

A theory is an abstraction or generalization of phenomena which

has been observed or experienced.
A model is a statement of economic theory , put in a form which is
intended to give better understanding or meaning to the relationships
among the variables involved.

A model "uses what we know or think we

know about economic behavior patterns , technology, or institution to
lsee Gardner Ackley, l.fucroeconomic Theory (New York: The Macmillan
Company , 1961 ), pp . B-14; Campbell R. McConnell , Economics: Principles ,
Problems , and Policies (New York: McGraw -Hill Book Company , Inc., 1963),
2nd ed. , pp. 4-10.
2cited in Paul A. Samuelson, Economics: An Introductory Analysis
( 6th ed . ; New York : HcGraw -Hill Book Company, 1964), p. 721.
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permit us to make predictions -- more or less specific depending on how
much or little we know. "3

The application of a theory or model in the

real world depends on the accuracy of the data used in deriving it and
on the relevance of the assumptions.
A better understanding of the relationships among variables in a
model is often made when the model is exhiiJl·Letl graphically or in the
form of a methematical equation.

Where it is not possible to establish

a definite relationship , the variables are often stated as being functionally related.
function.

Tbis can be expressed graphically or as a mathematical

Hence, the relationship between quantity demanded and price

of the product is usually stated as
D : f(p)
meaning that demand is a function of price .

Equivalent, but more mean-

ingful , is the downsloping demand curve:

F

D

where P is price per unit and Q the quantity which will be purchased
during a period of time at the various prices.

In this case , it is im-

possibl e to deterwine a definite relationohip , and so the relationship
cannot be expressed as an equation.

Even if this were possible, i t would

be desirable to do so only if this would give a more meaningful understand-

3Ackley, Macroeconomic Tbeory , pp. 13 - 14.
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ing of th e relationships .
Income model
Income is a given area or r eg ion is determined by many different
factors , but mainly the expenditures of society for consumption and investment , purchases by governments, and net exports of goods and services.
As the volume of each of these items increases , barring other drastic
changes in the ec onomy , so will income.
Part of government expenditures and expenditures by private business
is for R&D .

The total amount of R&D compared to all other expenditures

would be minor , and the contribution of R&D expenditures in determining
income will be smal l; however, it will be something .

In a local area

where extensive expenditures are made for R&D , it cou ld have a significant
impact .

il1 an segment of t he economy an ad ditional dollar spent for

R&D will have about the same impact on income as will a dollar spent for
another purpose .
The model showing the relationship between R&D expenditures and in come can be written .
Y

= F(r , o)

where Y is income , r is total expenditures for R&D , and o is the other
factors (t echnology, consumption, investment, government expenditures,
net experts , etc.) affecting the level of income .
Since this study is concerned with n&D and its direct impact on in come , the R&D income model can be simplified , ceteris paribus , to
Yr

f(r)

where Yr is the income generated as a result of R&D expenditures .
Multiplier analysis is ma inly concerned with the effect of changes
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where ox is the parameter to be estimated by this study.

It can be de-

picted graphically as:

y/
•

oi-

r

Employment model
Wages are generally fixed to an individual firm, so the level of
employment in a particular firm is determined mainly by the amount of its
expenditure s going to employees in the form of payrolls.

Employment

in the short run for a particular form or even an industry would in many
cases be a function of its output , given the wage rate.
In the R&D industry in Utah, the number employed depends on the level

of R&D expenditures as the wage rate is given.

In this sense it could be

said that
N = g(r )

where N is the level of employment in the R&D industry and r is the total
expenditures for R&D as defined above.
Since expenditure s on R&D determine income , and income originating
as payrolls determines the amount of employment for given expenditures
for R&D , employment in R&D is a function of the expenditures for R&D and
the wage rate of R&D personnel.

It can he expressed as:
N

= Y '/w
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Y' is the income originating as payrolls and

~here

annual

~age

~

is the average

rate.
The Multiplier

The multiplier is the term used in economics to show the relationship between changes in total income and changes in one kind of income or
particular type of expenditure.

It is the result of two factors:

(l)

The repetitive process of transactions -- a payment to one person is a
receipt to another , and subsequently becomes , in part , a payment to some one else.

(2) The expenditures are some portion of the receipts, other

portions being held as savings or lost through leakages .

For example, an

individual is paid for working in a manufacturing establ i shment .

His

weekly check is net of taxes and a savings deduction by the local credit
union (both leakages).

The money received for his work is spent for

food, clothing and other items .

The retail store where he makes his pur -

chase uses the money to buy other goods and to

p~y

as well as supplying profits to the businessman .

wages to its employees ,

The payments of the

retail store to its employees in turn becomes income and the chain of
events repeats itself.
The expenditure cycle consists of a "round" of the multiplier.

A

round occurs whenever an expenditure by one individual or form is received
and spent by the next individual or firm .
and should not be considered as such .

A round is not a time period

Some rounds are l onger than others ,

and there is no even pattern or cycle in the series of rounds making
the complete multiplier .

The first one or two rounds can be measured

but to go beyond this would be very difficult if not impossible .
In a closed economy where all busir.ess transactions are in a certain
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locality, the leakages, exclusive of savings , 'Will be zero , since by
def inition all paymenos are 'Within the area .

In an open economy, such as

the State of Utah, many payments are made to "foreigners" outside the
State and are included in leakages as the income is not respent in the
locality.
As an hypothetical example, assume a closed economy, where o . l of the
receipts of a firm is saved, o.3 is paid out as payrolls , of which 0 . 8 is
spent as consumption, and the remainder paid to other fir ms which have an
identical pattern of expenditures and payroll .

If $100 of expenditures

"Were made to a firm, the follo"Wing incooe would be generated at the differ ent roQ~ds of expend iture:4
The income multiplier is 1 . 98 , and only 15.2 per cent of the total in come was generated in the first round of expenditures .
By contrast , assume a hypothetical open economy in which the same
fraction is saved ( 0 .1), the same fraction paid to employees (0 .3), and the
same fraction spent on consumption ( 0 . 8) .

The same percentage is spent for

purchases from other firms , but t'Wo - thirds of the expenditures are made
outside of the area and are leakages .
purchases from firms in the local area.

This leaves 0.2 of the total cost as
With these assumption, the follow -

ing situat ion exists.5

4A mathematical expression of this model is:
xt
( o.6)st _1
(o.8)Yt
= ( o.6 )st - l ( o .8)( 0 . 3)s5-1
= (0 . 84)St - l
where Xt is business expenditur es in round t and Yt is payrolls in round t .
5A mathematica l expression for thi s model is:
Xt
(0.2)Xt - l
( 0 . 8)yt
( 0 . 2)xt _1
(0.8)(0.3)S5 - l
(0.44)Xt-l
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2

Table

0

Round

H~~othetical industr~-income miltil~lier

Payrolls

Expenditures
in Area (o.6)

for a closed econosr

(0.3)

'1> of Total

Impact

Cumulative
Income

$30.00

15.2

$30.00
55-20

$100.00
84.00

l

2

70-56

25-20

12.8

3

59.67

21.17

10.7

76.37

4

49.92

17.90

9·1

94-27

5

41.94

14.98

7.6

1()9.25
197-50

Total

Table 6.

Round

H~othetical

industrl income

multi~lier

Payrolls

Expenditures
;In Area (0.2)

(0.3)

for an

o~en

'1> of Total

Income

econoSl
Cumulative
Income

$100.00
1

44.00

$30.00

56.0

$30.00

2

19·36

13.20

24.6

43.20

3

8.52

5.81

10.9

49.01

4

3·75

2.56

4.8

51.57

5

1.65

1002

1.9

52-59
53·57

Total

There are

signific~~t

dtfferences in the two economies.

The opeq

economy generated income of only 0.54 of the original expenditure compared
to 1.98 for the closed economy.

The difference is a result of the leakages
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to the outside.
Another significant difference is in the relative importance of the
first round of the multiplier.

In the closed economy the first round ac -

counted for only 15 percent of the total generated income , but in the open
economy in accounted for 56 percent.

The second, third, and ensuing rounds

of the multip lier in the closed economy plays a relative l y more significant
part than in the open economy.
Thus, a large portion of the multiplier's effect is in the first round
of expenditures.

Because of the relatively large impact in the first round

in a local area , this would be the main concern of local area economics
ana lysis.

This greatly facilitates the accomp lishment of the study, as it

would be difficult to determine the impact beyond the first round witb any
degree of conf'idence.

For these reasons the analysis in the present study is

mainly concerned ••ith the first round.

Only an estimate will be made of

the complete ir,dustry-income multiplier.
Income Model & Multip l ier for R&D
The model of the simple first -round industry - income multiplier can be ex pressed as a flow chart :

"'<1

Payrolls

.....0

'H+'
0

Expenditures
in Utah
for goods
& materials

"'

""'

mr<

"'"'
"Ul<1
S..+'
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•rl ·M
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~~
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Figure 3·

UTAH
Profits
Payrolls

INCOME

Other

Expenditures
out of Utah
Flow of R&D funds in Utaa.

LEAKAGES

54
It is essential to consider not only the direct income flow to the
residents of the State from R&D payrolls , but also the expenditures made
to Utah firms and the profits and payrolls generated by those expenditures .
The income model for a sector performing R&D can be expressed as
q(Mp

r

1\,)

where :

r

= total expenditures on R&D

ai

percent of total R&D expenditures for payrolls
in sector i

bi

percent of total R&Dexpenditures going to Utah
trade in sector i

ci

percent of total R&D expenditures going to Utah
manufacturing firms in sector i

di

percent of total R&D expendit ures going to Utah
serv i ce firms in sector i

Tp

profit margin for trade industry

Tw

payroll - s~les

Mp

proi it margin for manufacturing firms

Mw

payroll-sales ratio for manufacturing f i rms

Sp

profit rr3rgin for serv ice industry

Sw

payroll-sales

ratio for trade industry

r~tlon

for service industr y

The above equation states that income gener ated by R&D expenditures
is a function not only of R&D , but of the pat t er n of expenditures of the
R&D facility .

Income generated depends on how much of tot al expenditures

are made to Utah firms and the industry to which they belong .
depends on profit margins and
whom payments are made .

payroll - sa~es

Income also

ratios in the industries

It is necessary to use only three broad industry

classifications , since virtually all purchases by Utah R&D facilities
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are made from tbe trade, manufacturing and service industries.
Tbe multiplier can be expressed as

Since tbe model is assumed to be a linear homogeneous equation , tbe ratio
of tbe change in income to changes in R&D is tbe same at a ll leve::.s and
tbe first round multiplier can be expressed in tbe f ollowing manner :
k

= Yr/r

or equivalently
k = ai+

bi(Tp + Tw) + q(Mp + Mw)+ di(Sp + Sw)

Tbe amount of employment generated by a given amount of R&D expendi tures can be determined by tbe following equation :
biTw/Wb + CiMw/Wm + diSw/WJ r
wbere:

N

number of people employed or jobs created

W

wage level for tbe different sectors and industries

Tbe amount of R&D expenditures necessary for each additional job can
be determined in tbe following way :

L

r/N
ai/Wi + biTw/W + ciMw/Wm + diSw/W 8
Determination of Parameters

Parameters
In tbe sector model

Yr

[ai + bl(Tp+ Tw) + Ci (Mp+ !"\,) + di(Sp+ Swl] r

there are several parameters to be estimated.

Tbe industry parame ter s

TP' Tw, ~' Mw' SP' and Sw (defined above) bave tbe same values for all
sectors of R&D performance , wbetber in a profit -making or non -pr ofit-making
sector of tbe economy .

This means the same prices are charged t o the

5,6

differnet performers of R&D as are charged to the industires' other cus tomers , and since total purchases of the R&D installations are a minor part
of their total sales R&D purchases have l ittle if any effect on the firms'
pricing policies .
The parameters ai , bi , ci and di are not the same for all sectors
of R&D performance (manufacturing firms, universities , federal defense
installations , and research development and testing laboratories); but
vary from one sector to another.

Their values are the proportions of

total R&D expenditure going directly to payroll or to Utah trade, manu facturing , or service .

They are assumed constant for each particular sect -

or in which R&D is performed.

The industry parameters will be estimated

first , and then ai, bi , Ci and di , for the different sectors of R&D per formers.

After all parameters for the industries and the particular sect-

or have been determined, they can be summed and a simple model produced
Yr = OXi r
While the value of OXi will be different for different sectors, a weighted
average can be made to determine the total impact of R&D on income in Utah,
thus giving the even more simple model
Yr

= Ox

r

Parameters of industr i es
Trade .

Profit mar gins for the trade indus t r y are not available at

the state level , so national figures must be used .
had a 2 . 0 percent markup on sales for 1964 . 6

The trade industry

Employment and sales figures

were available from the 1963 Census of Manufactures.
firms were generally made at the wholesale level .

The purchases by these

Tbe census reported payrolls

6First National City Bank, New York , "Review of Corporate Profits
in 1964 , " Monthly Economic Lett er , April 1965 , p . 41 .

~· r

$tltl,t.7tl,OUU ill wholetiale trade and sales of $1 , 478,427,000

This gave a

pa)""<•ll - sa les ration of 610 percent . 7
Although wage level,; are not availab l e at the local level for 1964 ,
employment and wage totals are.

Wholesale trade in Utah and payrolls of

$10~ , 849 , 208 lind emp loyed 17 , '!22 persons , which gave and average ann ual

wage of' $),973 · 8

~-rum these f igures in t.:1e following parameters ~;ere

derive d:

1-'!anufacturing .

TP

. 020

Tw

. ObO

W-e

$5 , 973

The profit rr"'rg ins and the payroll-sales ratio are

greater i u tLe manufacturing iudustry than in trade .

Profit margins for

manufacturing corporations ill the United States for 1964 were 6 .1 percent . 9
~h e payrull-sa l es ration was estimated from the current statistic s found

ill the Survey of Current. Business .

Since most of the goods used in R&D

were durable good s data for this seetor of industry were used .

The

statistics showed dv.;rage monthly sales of' $17 , 989 mi llion for 1964 and
average monthly en.ployment of 9 , 848 , 000 .
same period

Wclrt'

'1112 .19.

Weekly gross earnings for the

Annual gross earnings of emp loyees were $43 , 609

million and total sa les were $230 , Tl2 million .

This gave a payroll - sales

ration of 25 . 0 perc ent ($43 , 609 million/$230 , 772 million). 10

The annual

wage o£' Uta h's !Jon -durable goods manufacturing employees was calculated
'lu . S Department of Commerce , 1963 Census of Business , Wholesale
'l'rade , Utah (Washington , D.C . : U. S . Government Printing Office, 1965) ,
P·

3·

Butah Department of Emp loy111ent Securit y , Utah Labor Market Quarterly ,
(Salt Luke City , Utah: Utab Department of Employment Securit y , 1964196)) , 1964, 1 - 4 .
9"Review of Corporate Profit s in 1964 , " p . 41.
10 urvey of Current Business XLV (April 1965), S - r , S-13, S -14 .
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in the same way as that for the trade firms .

The Uath Department of

Employment Security reported employment in this sector of 33 , 595 , and
payrolls of $232,279 , 474 in 1964 , giving an average annual wage of
$6,914.11

This above figures give the following parameters :

Service.

M_p

. 061

Mw

. 250

Wm

$6 , 914

Service corporations in the United Stat es realized a pro -

fit margin of 5 . 2 perc ent . l2

The 1963 Census of Business r eported that

the Utah service i ndustry received $173 , 092 , 000 and pa i d payrolls of
$43 , 656 1 000 .

This gi ves a payroll - sales ratio for ser vi ce industries

of 25 . 2 percent . l3

The service industry in Utah emp loyed 37, 655 persons

in 1964 and paid wage s of $128 , 681, 521 1 giving an annual wage of $3 , 416 .

14

This gives the follow i ng parameters:

sP

.052

Sw

.252l4a

ws

$3 , 416

llutah Labor Mar ke t Quar terly , 1964 .
l2 "Review of Corpora t e Profits in 1964 , " p . 41.
l 3u . S. De partment of Commer ce , 1963 Cen sus of Business , Se l ec t ed
Services , Utah (Washington , D. C. : U. S. Gover nment Printing Off ice ,
1965) , p . 46 .
l4utah Labor Mar ket Quarter l y , 1964 , ~os . l -4 .
l4art may seem i l logical that wages as a percent of sales would be
identical , or nearly the identical in the manufacturing and servi ce in dustires . Since the manuf acturing industry paid h i gher wages ( $6 , 914) t han
the service industry ($3 , 416) , the number employed per dollar of sale
would be higher in the service industry .
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Sector models
The above parameters bold true for all performers of R&D, whether a
private firm, a government agency , or a university facility.

These para -

meters reduce the mode ls to the following :
y •

ai

0 .080 bi

0 . 311 Ci

0 . 304 di

K

ai

0.080 bi

0.311 Ci

0 .304 di

N

ai/Wa

0 . 000010 bi

0 . 000035 Ci

0 . 000074 di

L

ai/Wa

0.000010 bi

0 . 000035 Ci

0 . 000074 di

r

r

The remaining parameters ai , bi , ci and di are different for the
different sectors .

These parameters will not be determined from the data

gathered by the mailed questionnaires and interviews.
Manufacturing sector parameters .

The R&D considered in the esti -

mation of the parameters in the manufacturing sector do not cover the
entire R&D performed.

The sample was limitec by excluding small R&D

performers and certain others for which it was impossible to obtain data.
Some of the data received was inaccurate because of poor estimation or
difficulty in determining where purchases were made and to which industries.
Often only a very rough estimate was given , and rather than use these
rough estimates , the parameters were estimated from the data which were
accurate and the same ration applied for other firms.
Payro ll and employment data were mere easily obtained , so that pay roll and employment data are more reliab l e than other data in the study.
The local income impact wi ll not be affected very much by tbis expendi tires which were made in Utah was small .
Of the $40 , 321,300 of R&D performed by Utah manufacturing firms
wbicb were considered to be accurate , $18 , 520, 700 was f or payrolls .
gives a ration of

45 .9 percent.

This

6o
Of the total cost of R&D r eported , $2,115,000 was considered valid.
Of this cost 3 . 3 percent was to Utah trade , 1. 0 percent to Utah manufact uring, and 0 . 2 percent to Utah service industries .

This provides the

following parameters for the manufacturing sector :
a = 0 . 459
b

0 . 023

c = 0 . 010
d

0 . 002

By incorporting these parameters into the model, we have
0 . 459

0.023(0 .080 )

0 . 010(0 .311)

0 . 002(0 . 304)

r

(o.465)(r)
The direct employment in manufacturing concerns is responsible for 99 per cent of the impact of R&D expenditures on income .
Parameters of research , development , and testing laboratories.

Most

of the firms in this sector were small and had little employment in R&D .
The four firms which answered the questionnaire reported total expenditures
of $890,000 and payrolls of $221 1 000 .

As was the case with the government

installations, the industry parameters were not cons idered because of
their insignificance as well as in accurate data .

Although very little

accurate data was obtained , that which was availab le indicated very few
expenditures to Utah firms , the same as in the manufacturing sector.
This gives the following model for R&D performed in research, development , and testing laboratorie s :
Yr

= (0.248)(r)

Federal government sector parameters .

The government installations

reported total R&D expenditures of $16,341 , 000 for 1964, of which $3 , 809
or 23 . 3 percent was for employment.

Because of the diffi culty of deter -
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mi~ing

the por tion of total puchases which were made to Utah firms and

also because of their insignificance , they were not considered.

This will

have an insignificant effect on the model.
This gives a model for the R&D performed by the fed eral government in
Utah of :
Yr = ( 0.233) (r)
Utah State University.

Because it is possible to segregate and pre -

sent separate data for the two State universities, separate parameters
were calculated for each.

The 1964 Annual Financial Report of Utah State

Un iversity reported total R&D expenditures of $3 , 422 ,987 , of which
$1,946 , 132 was in the form of payrolls .

In addition , federal collaborators

at the University bad total expenditures of $969 , !>78 , of which $710,939
was for payrolls .

This meant tbat 63.4 pencent of the total cost of R&D

was for payrolls.

A sampling of the records of R&D purcbao.Lng over an

eight -month per iod (13 percent of all R&D purchases) showed that the
University' s sector expenditure pattern was as follows :
Out -of - state

50 . 0 percent

Utah trade

36 .4

Utah manufacturing9.4
Utah Service
Total

4.2
100 .0 percent

As an percentage of total R&D expenditure , the perce ntages would be 23.3
percent of out - of - state firms, 17.0 percent of Utah trade, 4.4 p~rcent to
Utah manufacturing , and 1.9 percent to Utah service.

These figures

provide the following parameters for Utah State University R&D:
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a = 0.634
b

o. 57

c

= o . o41

d

0 . 018

ilJcorporat ing the above parameters into the sector model reduces the
equation to a very simple form:
Y

=[ o.634 +

0.157(0 .80 ) + 0 .041( 0 . 311) + o . Ol8(0.304f) r

( 0 . 665 )(r)
Approximately 95 percent of the impact of Utah State University R&D on
Utah income is t hrough direct payments to the University's employees.
The

~xpendit ures

made to industries in the State play a rela tivel y in-

significant role .
De t ermining the average wage of all persons employed on R&D at Utah
State University was not as easy as in the different industries where
extensive emp loyment data were available .

A recent stud y made by the

University auditor for the National Science Foundation l isted all profession als , technicians , and graduate students engaged in t eaching and
research.

The report indicated that 113 scientists and eng ineers were work -

ing full-time on R&D during 1964 .

While the payroll of this group canr.ot

be isolated , the average wage of scientists and engineers employed in R&D
simi lar to that done at Utah State University was recently reported to be
$11,000 .15

This meant that scientists and engineers recei ved approximately

$1 , 243,000 in salaries .

The report showed 66 graduate students and 16

technicians engage d in R&D.

With an average salary of $5 , 000 they absorb -

ed $410, 000 of the total University R&D payr oll, leaving $406 ,132 for the
15see U. S. Nationa l Science Foundation, Reviews of Data on Science
Resources, "Salaries and Profe ssional Characteristics of U.S. Scientists,
1964" , !(January 1965) , p . 8.

remaining R&D personnel .

At the average University wage , the employment

could be calculated at 110 ($410,000/$3,733).
tors were paid $710,939·

The 100 federal collabora -

Thus total employment on R&D at Utah State

University in 1964 w~s 405 .

The average annual salary of all Utah State

University R&D personnel was $6 , 561 ($2,657,07l/!f05) .
University of Utah parameters.

The University of Utah expended

$6,136 , 293 for R&D during the 1964 fiscal year.

Of these expenditures

$3,134,576 or 51.1 percent were paid as payrolls to individuals.

As with

Utah State University, a sample was taken of the R&D purchasing records
at the University of Utah purchasing office .
63 . ~

The sample indicated that

percent of the expenditures for R&D other than payroll was to firms

outside the State.

Utah trade received 29 . 8 percent of the expenditures;

manufacturing , 2 . 9 percent; and service, 3.9 percent.

The se figures gave

the following parameters for R&D at the University of Ut ah :
a = 0 . 511
b

0 . 146

c = 0 . 014
d

0 .019

Incorporation of the above parameters into the R&D sector model , reduced
the model to a much simpler equation :
y

0.5 11

0.146(0.080)

0 . 014 ( 0 .311)

0.019(0304)

r

(0.533)(r)
Some 96 percent of the total impact on income o!' University of Utah R&D
comes from direct payrolls to R&D personnel .

As was the case with Utah

State University, other expenditures pl ay a relatively insignificant role .
Total R&D employment at the University of Utah was determined by
assuming a distribution similar to that at Utah State University; i . e . ,
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37 percent of total R&D employees were professionals ; 27 percent , graduate
students and technicians; and 36 percent , supporting personnel.

Because

of the high relative importance of medical research , the annual wage of
professionals doing research at the University of Utah was greater than
at Utah State University. 16

An average salary of $13, 000 was assumed .

The salary of graduate studentR and technicians was as sume d to be the
same as at Utah State University .
the University of Utah was

The average wage of a l l employees at

$4 , 06~ .

With the assumed relationships and

wages, a total of 419 were employed in research at the University of Utah -155 professionals , ll3 graduate students and technicians , and 51 other
supporting personnel .

~nis gave an average salary of $7 , 515 for all R&D

personnel at the University of Utah .

l6see Reviews of Data on Science Resources , pp . 5- B.

CHAPTER V

THE IMPACT OF R&D ON UTAH'S ECONOMY

Comparison of Sectors
An average of 44.0 percent of the total R&D expenditure in Utah
during 1964 was for employment .

A comparison of the different sectors

indicates the first round income generating impact of one dollar of R&D
expenditures in each of the various sectors of the State :
Utah State University
University of Utah

-5 3

Manufacturing concerns

. 46

Research, development and
testing laboratories

.25

Government installations

. 23

Income Generated
The income generated by R&D

expendi~ures

can be determined by apply -

ing the various sector models to the R&D performed by the different types
of enterprises .

The total expenditures of R&D as well as th e income

generated in the firs t round is indicated in Table

7.
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Table

1·

Income generated by Utah R&D

(in thou sands)
R&D
Expenditures

Utah State University

Generated
Income

$ 4,392

$ 2,921

University of Utah

6,136

3,270

Manufacturing firms

43,977

20, 229

Government installations

30,341

6, 978

Research and testing labs

86 ,330

371

$86,330

$33,769

Total

Total Income Multiplier
Although the first round is more important than other rounds i n its
economic impact, it should be kept in mind that the impact does not in
fact end with the first round.

The impact beyond the first round is

difficult to measure and would involve a study much beyond the scope of
the present one .

An estimate of the total impact will be made, but it

should be emphasized that this is only a r ough approximation.
I f the "average " Utahan had an expenditures pattern similar to the

"average" American, and if the average propensity to consume is equal to,
or differs little from the marginal propensity to consume, it is possible
to extrapolate from national income data and estimate the total income
ge nerated by R&D in Utah.

The estimate of tcye tota l income mi l tipl ier

depends on the validity of these assumptions.
During 1964 Americans spent an average of 81 . 2 percent of their

in~ome

on consumption and the remaining 18.8 percent was spent for taxes or wa s
eave~

(i.e. spent for something other than consumption such as paying off

a debt, adding to a savings account , or investing in stocks or bonds) .
His consumption expenditures were such that 47.6 percent of hie income
was for durable and non -durable goods and 33 . 6 percent was for services . 1
From the above figures the total income generated can be estimated in
the same manner as was done for the different industries in a previous
chapter .

Sales in the trade sector for durable and non -durable goods

generated income of 11 . 7 percent througt wages2 and 2 . 4 percent through
profits.3

Sales of services generated income of 25 . 2 percent through

wages4 and 4 . 6 percent through profits.5

These figures indicate 16 . 7

percent of consumption expenditures create income each round.

Assuming

that all wholesale purchases are made from out - of - state firms , this would
give an income multipli.er of 1.2 (100/(100 - 16 . 7) : 100 . 83.3) .

Since 42 . 0

percent of the ori.ginal R&D expend it ures become income the total multi plier for R&D in Utah is 0 .5 (0 . 42 x 1.2) .
This indicates that R&D expenditures for 1964 generated $43,165 , 000
of income in 1964 .

This is 2 . 0 percent of Utah ' s $2 . 14 billion personal

income for that year . 6
An additional dollar of Utah income is generated by R&D expenditures
lcalculated from figur es reported in U. S., President , Economic Report
fo
Januar• l 65 (Washington , D. C. : U. S. Government Print ing Office ,
, pp . 201, 206 .
2u.s ., Department of Commerce , 1963 Censu~ .~f Business , Ret ai l Tr ade,
Utah (Washington, D. C.L. U. S. Government Printing Offic e , 1965 ), p. 46 - 9 .
3First National City Bank , New York , "Review of Corporate Profits
in 1964 ", Monthly Economic Letter 1 April 1965 , p. 41.
4u.s. Department of Commerce , 1963 Census of Business , Selected
Services , Utah (Washington, D. C., U. S. Government Printing Office ,
1963), p. 46 - 6 .
5"Review of Corporated Proftis in 1964 , " p . 4l.
6survey of Current Business , XLV (July 1965) , 16.

p8
of $2 . 00 .
$21 , 120 .

A new job is created for an

i~crease

in R&D expenditures of

R&D accounted for 4,087 jobs in Utab in 1964.

APPENDIX
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UTA l.!

S TAT E

UNIVERSITY

Economics Research Institute
Divi sion of Industrial and Historical Research
Logan , Utah

84321

May 21 , 1965
Dear Sir :
The newly - created Economics Research Institute at Utah State Univer sity is under t aking a study of the impact of industrial research and
development on the economy of Utah . Th~s inquiry will seek to measure the
importance of research and devlopment in the various industries in the
state . It will also reveal the ways in which the substantial expendi tures on R & D in recent years have affected different sectors of the
state's economy .
We would be pleased if you would check below whether or not your
firm does any R & D i n Utah. A self - addressed envelope is enclosed for
returning this form; no postage is required .
Research and Development (R&D) includes research in the sciences , in
engineering , and in designing and developing prototypes and processes . It
includes activities carried on by persons trained , either formally or by
experience , in the physical and biological sciences , engineering , or medi cine. lt does not inc lude quality control , routine product testing , mar ket resear~sales promotion , sales service , or other non - technological
activities or technical services .
Sincerely,

Leonard J. Arrington
Professor
LJA : jw

l.

Name of your firm :

2.

Is your firm engaged in R & D in Utah?
YES
NO

CJ
CJ
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ECONOMICS

R E S E AR CH

INSTITUTE

Utah State Univer sity
Logan , Utah
J1me

9, 1965

Dear Sir:
Your firm is among those asked to participate in a study of the impact
of resear ch and development (R&D) and research-baaed manufacturing on the
economy of Utah. The information you provide on your firm is of vital importance to the success of this study.
The information obtained from this survey will give an indication of
the i~ortance of industrial R&D and research-based manufacturing in the
state. The information re quired for this evaluation is not available in
published form, ita only source being the individual producing and employing unite in Utah.
Our interest is only in aggregates , and we are requesting data concerning your firm to deve lop these aggregate s . Any information we receive
concerning any individual form will be held strictly confidential and will
not be released from our files to any individual or organization for any
reason.

Some of the information requested may not apply to your firm or installat ion. If it does not apply, please eo indicate. For that which does
apply, we would appreciate as complete and accurate information as is
peeaible . If some of the information is not known, an estimate would be
moat valuable to us. Estimates by knowledgeable persona are certainly
better than no information at all!
A self-addressed, stamped envelope is enclosed for your reply.
Your cooperation in this survey is appreciated. Copies of any pub lished reports baaed on the study will be made available upon request.
Sincerely,

Leonard J. Arrington
Professor of Economics
WA:Jw
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INSTRUCTIONS FOR FILLING OUT QUESTIONNAIRE :
l.

For items which are not applicable , write "NA . "

2.

If actual figures are not known , please estimate .
estimates are better than no infor mation at all.

3.

Please Record dollar figures in thousands .

Re liab l e

DEFINITIONS OF TERMS
Employment : The employment figure should be the average for the year to
fulltime employees plus fulltime equival ent of part -time employees .
R&D : Research and devlopment includes basic and appl i ed research in the
sciences (including medicine) and in engineering , and design and develop ment of prototypes and processes . It does not include quality control ,
routine product testing , market resear~sales pr omotion , sales service ,
research in the socia l sciences or psychology , or other nontechnological
a ctivities or technica l s ervice.
Scientists and Engineers : Scientists and engineers are all persons engaged
in scientific or engineering work at a level which requires a knowledge of
phy sical , life, engi ne ering , or mathematical science equivalent at l ea st
to that acquired through completion of a four-year college course with a
major in these fields .
Supporting Technical Personnel : Technicians are those doing technical work
which requires a skill acquired through schoo l ing or "on the job" train ing , which cannot ord inarily be performed by an ordinary laborer. Thi s
does not include secretaries , clerks, or other administrative workers .
Total Ex enditures in Utah on Subcontracts and or Materials : Total pay ment s to Utah firms for all goods and services exc luding payrolls and
gener a l utilities) .
Cost of R&D Performed by Your Firm in Utah : All costs incurred within the
company for wages and salaries, direct material costs , services and sup porting costs , and an appropriate share of company overhead to conduct
research and development activities. If you did R&D for others , include
the total amount charged for such work . Do not include payments for R&D
performed by others .
R&D Expenditures in Utah on Subcontracts and/or Materials : Payments to
Utah f irms for a ll goods and services {excluding payroll s and general
utilities) used in R&D operations .

UTAH

STATE

UNIVERSITY

Economics Research Institute
SURVEY OF R&D

m

l1l'AH MANUFACTURING FIRMS

Sales of All Products or Services to:

Federal Government • . • .

~

De~ense

~
Non-Defense ~

:...10()1.
other • • . . •
_ _ _ _ _Y;;;.;e::.;;ar.,___ _ _ _ _ _ _ _.::;l9""5""-~ _ ___1958

. __1~~ _l::..:9o.:::6.::..l~.....:1::..::9~62:::..

"'196:...;;..,:.3_.....::.19'-'6;.;.4_

Total Employment
R&D Employment •
a.

Scientists & Engineers

b.

Supporting Technical PersonneL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

· Total Payroll (;In thousands)

.$

$

$

$

$

$

$

$

' R&D Payroll (in thougands)

••

$

$

$

$

$

$

$

$

$

$

-. $

$

$

$

$

$

$

$

$

$

$

Cost of R&D Performed by your Firm in
Utah (in thousands) ·' r . • . • •• . • . • · • . • .$
R&D EKpenditures in Utah on Subcon-

ttacts and/or Material (in thousands).$

State briefly the nature of your R&D work:
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ECONOMICS

RE SE ARCH

INSTITUTE

Utah State University
Logan, Utah 64321

Dear Sir:
We recently sent your company a questionnaire in conjunction with our
study of research and development in Utah. We have not yet received a
reply. If we could be of any assistance in filling • out utbe questionnaire,
we would be happy to come to your office and do so. If so, would you inform us of a time which would be convenient for you .
We bate to appear impatient, yet the data from ~ firm is of vital
i mport anc e t o til e succes s of the study.
We are enclosing a business-reply envelope, as well as a new questionnaire and would be grateful for your immediate response. If your reply is
already in the mail, please excuse this letter.
Sincerely,

Leonard J. Arrington
Professor of Economics
WA:jw

Research and development obligations of the federal governme nt in Utah
Fiscal Year 1264 ~in thousands)

Table 8.

Total

A5EiC .

$65,180

$1,626

Intramural

20,427

1,124

Extramural

44,753a

502

37,952

Educational Inst.

8,960a

502

2,607

A~nc~

All Performers

Profit

Commerce
$33

Defense

$55,041 $4,018

33

35,420

35,245

Other Nonprofit Org.

213

100

Other

160

Federal Install.
Educational Inst .

2,o62

45

1,017

l,o62

45

1,017

901

Interior

A. E. C.

N.A.S. A.

l{ .S.F.

·793

504

813

171

793a

504

813

49

793a

329

813

$2,352
2,181

17,089

Or~anizations

R&D Plant

H.E.W.

4,018
3,867

175
ll3
38

122

503

57

95

345

503

20

95

283
Plant
to

b

Representative

Washington, D.C.:

aincludes obligation of $530 in Federal Contract Research Center.
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