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FOREWORD

Private and public ofticials see lagging innovation among industrial establish- ...

ments as @ major factor in the Nation's current econoinic itls, Symptoms apoear in
the form of dedhmng productivity, growing international trade deficits, increasing
unemplovment. double-diynt intlation and, most recently, a decline in the gross
national product (GNP I studies undertaken to examine optional policies for stim-

ulating innovation in the private sector, industrial research and development is cited”

as an important tactor. it s one which, many analysts believe, suffers from under-
investment. While industry has continued to show real growth in R&D expenditures,
much of this growth s attnibuted to energy- and regulatory-related projects which
tend not to result i economic growth, Rather, according to industry officials, in-
dustry directs ity R&D funds at producing marginal improvements in existing prod-
Cts, OF at process cost-cuting improvemeints,

Recent evidence indicates that the pattern of industry’s R&D activity may be
changing toward an increased emphasis on basic rese rrch, Does this represent a
return of corporate confidence in basic research’s ability to stimulate innovation
and company growth? interviews with numerous company R&D officials would
suggest this. Those interviewed do add, however, that R&D expenditures, especially
hasic research expenditures, frequently hecome candidates for reduction in times
Of €CONVMIC Stress, ’

This report, the latest of a continuing series, provides information on the mag-

nitude and characteristics of the industrial R&D enterprise by identifying and ana-
lyzing current trends.

The National Science Foundation and the Bureau of the Census gratefully ac-
knowledge the cooperation of the numerous organizations that provided data for

m{hw study.

S

e e

Richard C. Atkinson

Director

National Science Foundation
PDecember 1979




notes

e Slatistics shown may not add e totals or subtotals because of rounding.

e Unless constant dollars are specified, data shown in this report are in terms
o current dollars,

e Complete techmcal notes, mdcluding imputation rates, are contained in ap-
pendin AL Additional questions regardimg these survey findings should be ad-
dressed to Carolyn B. Arena, Industry Studies Group, Qivision of Science
Resources Studies Natronal science Foundation. Washington, D.C. 20550
12021 6344648,
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HIGHLIGHTS

s

—doe 3l market ¢ onditions’

Total industrial RAD expenditures reached a level of $29.9 billion in 1977, a
R ot 11 percent rom the previous vear In constant dollars the £ain was 5

percent bonging real RAD expenditures to the previous high reported in 1968
and 1969

LS mndustty reported real 1976277 growth o1 5 percent in R&D spending from
as own tunds indicating v continuation o Corporate pohicies that have produced
AN average wrowth rate or o percent in real R&D dollars since 1953, when this
data ~senies began. tarthermore, industry's budget plans for research and devel-
opment i T978 point to continuing strong growth in company funding of re-
search and development which, i 1977, reached $19.3 billion: -two-thirds of
idustny s total R&D pertormanc e,

Industiy's commutment 1o research and development 1, also apparent by the
steady 22 percent rise since 19721 the number of R&D scientists and SNEINEECTS
emploved industty saence and engineering (SF) employment reached an all
time highoan Januan 1978: this high s attributable entirely to increasing com-
pany-tunded research and development.

A trend change has occurred in Federal funding for industrial R&D activities.
Atter nearhy o decade of decreases in real tunding, 31 percent between 1966
and 1975 Federal RED rands to industry mcreased 1in constant dollars in 1976
and 1977 averagmy 3 percent a year. Increased Federal money for energy,
detense and the space shuttle contributed to this growth which pushed the
Federal noaastny RAD total to $10.5 billion i 1977,

Industiy has been characterized by a high concentration of companies funding
resedrch and development -7 of every 10 industry R&D dollars come from 100
frems. Moreover, 30 percent of the nearly $2 billion increase in company R&D
tunds m 1977 came trom the 1our largest industrial R&D performers, The top
four performers i the motor vehicles industry”accounted for nearly one-fifth of
the: overall increase i total funds for research and devgelopment.

In 1977 about ™ percent of total company R&D tunds were spent outside the
Umited States R&D directors -from firms responsible for approximately one-
fourth or the $1.4 billion of industrial R&D funds spent abroad—gave “meeting
" as the most frequent reason for focating or expanding
R&DY activities i torergn countries, Sales of foreign affiliates of U.S. domestic
s - parallehing growth rates of research and development performed abroad—

have been continuing to increase. Because of this, NSF anticipates that, in the
short run, U.S. R&D performance abroead will also continue to expand in absolute
terms.

The second consecutive real increase in industrial basic research expenditures
matched the 5-percent constant-dollar increase in applied research and devel-
opment. Following a decade of declining constant-dollar basic research funds,
this rise was mainly the result of increases in funding by the drugs and com-
munication equipment industries. R&D directors attributed the increase in the
drugs industry to'an apparent change in R&D policy, favoring more theoretical
work intended to lead 1o significant medical breakthroughs. Communication
equipment industry personnel noted that increased fundemental work reflected
the intent to expand into new product areas.

Significant increases in funds for research and development in coal, solar, and
geothermal sources of energy, and in energy conservation have occurred in the
past two years. Increases ranged from 39 percent in coal, to 85 percent in
geothermal. Companies continued to direct the major portion of their energy
R&D funds in the areas of oil and nuclear fission, which together composed 64
percent of all industry’s energy research and development.

The petroleum and motor vehicles industries registered the largest R&D funding
increases of major R&D performers. Both went up 19 percent. The petroleum
industry’s rise resulted primarily from energy-related R&D projects, particularly
in oil exploration and synthetic fuels. The increase in the motor vehicles industry
was attributed by company R&D officials primarily to increases in projects de-
signed to meet Government regulatory requirements for emission control and
fuel economy.

Results of a preliminary test indicated that in 1977 aircraft and missiles firms
devoted about 5 percent of their total company-funded R&D resources 1o noise
abatement and emission control projects that would not have been undertaken
in the absence of Government regulations.

Of the seven top R&D-periorming industries, the petroleum and machinery in-

dusiries have shown the highest annual growth rates in the 5-year period, 1972-
77. 14 percent and 13 percent, respectively, This is in comparison with the all-
industry rate of 9 percent,

&
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INTRODUCTION

The NSEosponsored Surnves of Industrial Research and Development for 1977
was conducted by the Bureau of the Census in fanuary 1978, Approximately 1,500
R&D-vertormmg compamies participated in the survey. Remarks attributed to com-
panv oticials were hased on discussions with representatives from leading R&D-
perarnmiag companies in the major industries.

This report contains a detaled analysis of industrial R&D spending during 1977,
as well as historical tables showing trends for key R&D funding variables, Also
included v imtormation about industry-employed R&D scientists and engineers,
Complete data tables are published in a companion velume, Research and Devel-
opment i ndustry . 1977 (Detailed Statistical Tables). R&D expenditures for U.S,
frms are presented in a variety of ways: by source of funds, type of activity, major
cont component, geographic area, field of basic research, product area, effort con-
fracted out, amount performed 1n toreign countries, and by amounts expended on
rescarch and development devoted 1o energy-related and pollution ahatement proj-
ooty Wherever possible, the data are presented on an individual industry basis, eg.,
instraments, machinery, etc .

Data presented inthis report cover the period 1956-77 for funding data and
January 1957 10 January 1978 for R&D scientist and engaeer data,

The report s the 22nd in a series originating in 1953, Detailed Statistical Tables
are published vearly and the more indepth analytical reports every two years,

The industry survey does not cover trade associations, Although their primary

“mission iy to serve industry, trade associations are established as nonprofit organi-

2ations and are covered in the NSF survey of independent nonprofit institutions.
R&D expenditures of trade associations are estimated at less than 1 percent of the
indust, y R&D total.

in the absence of a reliable R&D cost index, the gross national product (GNP)

Cimphicit orice deflator was used 1o convert R&D expenditures to constant dollars.

The GNP deflator indudes the effects of price change s of all goods and services in
the economy and thus can only approximate changes in costs of inputs directly
related to R&D performance.
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 R&D Funds

Total industrial R&D expenditures reached a level of $29.9 billion in 1977, a
gain of 11 percent over the 1976 figure. In constant dollars, this represented a gain
of 5 percent, bringing real R&D expenditures to the previous high reported in 1968
and 1969, '

The 1976-77 increase reflects rises in spending by both Federal and company
sources, increased support for defense and energy research and development, and

. development of the space shuttle contributed t0.the 4-percent increase in constant

dollars in Federal R&D funds, Company R&D funds also increased by 5 percent in
real terms. This continved the overall trend of real increases in company R&D
spending that began in 1972, closely paralleling sales growth during e 1971-77
period, ‘

el L TA T




- Major Industries

Between 1976 and 1977 the largest perceniage in-
creases among the major R&D performers were reg-
istered by the petroleum industry and the motor ve-
hicles irdustry. 2oth went up 19 percent in current
doliars. Industry officials attributed the petroleum in-
dustry’s rise to increased spending for research and
development in the areas of synthetic fuels, coal, and
oil exploration techmques and equipment. Automo-
tive industry personnel noted higher outlays for R&D
projects to meet regulatory requirements for fuel
economy and emission standards.

Most industries registered R&D gains in real terms
between the two years; a major exception was the
drugs industry. Officials of this industry cited a
change in emphasis 1n their R&D programs—a move
toward more basic research and away from applied
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research or development, which is usually more
costly. This was the reason for the drug industry de-
cline, rather than a decreased level of overall R&D
aciivity.

[

Company R&D Funds

The force behind continued real growth in indus-
trial research and development has been the invest-
ment of companies’ own funds in R&D activities.
Company-financed research and development
reached a 1977 total of $19.4 billion, 11 percent
higher than reported in 1976. This sharp rise, 5 per-
cent in real terms, continues a general trend of real-
dollar increases begun in 1972, These gains have
closely approximated the pattern of industrial sales
growth during the 1971-77 period. The 1977 rise can
be partially attributed to increases in company spend-
ing for energy R&D projects, and research and de-
velopment performed to meet Government regulatory
requirements, which have especially affected the mo-
tor vehicles, chemicals, and drugs industries. R&D
managers from these industries cited Department of
Energy (DOE) fuel economy requirements, Environ-
mental Rrotection Agency (EPA) emission standards,
Federal Drug Administration (FDA) require .1ents and

the Toxic Substances Act as being particularly’ re- _

sponsible for changes in their R&D programs.

Based on budgeting figures obtained in the 1977
Survey of Industrial Research and Development, the
National Science Foundation expects 1978 company
R&D funds to continue to increase by as much as 12
percent. In interviews with R&D directors in several
leading R&D-performing companies it was noted
that, beginning.in 1976 and continuing into mid-
1979, the industrial climate for research and devel-
opment has markedly improved. In the late sixties
and early :oventies, corporate management tended

toumake short-term, results-oriented R&D funding de- -

cisions. Top management now seems to recognize,

however, that fonger-term research and develogment - -
can contribute significantly to corporate sales growth .
and provide some answers to energy and pollution

problems. R&D officials in a number of industries




@ _ indicated that this growth in research and develop-

ment is expected to continue into the eighties.

industrial R&D directors have indicated that a por-
tion of the anticipated increase in R&D activity is
attributable to projects conducted to meet Govern-
ment regulatory requirements. A test question, de-
signed to measure this factor, obtained sufficient re-
sponse from the aircraft and missiles industry to
conclude that in 1977 this industry spent approxi-
mately 5 percent of its company R&D funds on ac-
tivities which would not have been undertaken in the
absence of Government regulations. R&D personnel
in that industry also noted that this research and de-
velopment was generally in the areas of aircraft emis-
sions and noise control.

in 1977 industry reported that 3 percent of its com-
" pany-financed R&D total expenditures was con-.

tracted to outside organizations. This represents an
increase of 12 percent over its 1976 level. Of this
amount, most went to other companies, while a lesser
proportion went to universities and colleges and
other nonprofit institutions. .

R&D performed abroad by U.S. companies -

The ability of U.S. industry to compete in foreign
markets depends in part on its ability to tailor prod-
ucts to the particular needs of local markets. Toward
this end, U.S. industry spends an additional amount,
equal to about 7 percent of company-funded domes-
tic R&D expenditures, for research and development
performed abroad. Most of these funds finance ex-
, perimental development activities rather than re-
Sl search. In 1977 industry spent $1.5 billion for R&D

activity abroad, some 9 percent over the previous:

- year. Department of Commeftce data indicate that
2~ - sales by foreign affiliates of U.S. manufacturing firms
“=——'—tostr at' a healthy annual rate in the midseventies, If
...+ these sales continue to rise, it is anticipated that there
will be a continuing need for development projects
f,, . ibf@&d\" . ,

ral R&D Funds
Federal R&D funds to industry rose by 10 percent
——hetween 1976 and 1977 to a total of $10.5 billion,

e

Wb

an increase of 4 percent in constant-dollar termis. The
1977 increase was the second consecutive year of
real growth in Federal R&D funds to industry and the
second largest real-dollar gain since 1966. The rises
in recent years (1975-77) are primarily attributable to
R&D increases for defense and energy, and increased
outlays for development of the space shuttle. The two
Federal agencies with primary responsibility in these
areas, the Department of Defense (DOD) and the
National Aeronautics and Space Administration
(NASA), together provided more than four-fifths of the
Federal total R&D support to industry ($6.9 billion
and $1.7 billion, respectively) with the bulk of the
remainder coming from DOF,

Historically, over three-fourths of al] Federal R&D
funds to industry has gone to two industries—electri-
cal equipment and communication, and aircraft and
missiles. These two industries perform the bulk of
space and defense research and development for the

-
'-.‘l .....-..
.Q *Ranans*?

™ Other agencies

Federal Government. In addition, the electrical
equipment industry is the largest performer of Federal
energy research and development.

in 1977 the $5.5 billion in Federal funds received
by aircraft and missiles firms financed 78 percent of
their total research and development, and repre-
sented over one-half of total Federal outlays to in-
dustry. The electrical equipment and communication
industry received $2.7 billion in Federal funds, which

- ‘totaled 45 percent of all their R&D expenditures dur-
ing 1977, : ,

Federally funded research and
development centers administered by

Federally funded research and development cen-
ters (FFRDC's) are organizations administered by in-
dustrial, educational, or other institutions on a non-

v
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profit basis which carry on R&D activities almost
exclusively for the Federal Government. R&D per-
formance by industry-adininistered FFRDC's rose
only 6 percent over the 1976-77 pericd. By character
of work, the FFRDC expenditures were distributed as
follows: Basic research, 8 percent; applied research,
22 percent; and development. 70 percent. These pro-
portions have changed liitle in recent years, Appen-
dix C lists current industry-administered FFRDC's.

Geographic Distribution

Aerospace firms located in California make up the
largest R&D-performing industry group in the coun-
try. Sigce this series began in 1957, this group has
kept Calitornia in the lead in terms of total industrial
R&D spending. Industry spent 19 percent of its total
R&D funds here, including 37 percent of its Federal
funds. Other leading States include the heavily in-
dustrialized States of Michigan, New York, New Jer-
sey, Pennsylvania. Hinois, Ohio, and Massachusetts.

Company-financed R&D expenditures were high-
est in Michigan, accounting for 14 percent of all com-
pany funds. This State’s leadership in company-
sponsored research and development comes from the
motor vehicles industry which has a Iarge company-
supported R&D effort.

LN AT
TESY -‘-.i;i.

R&D Funds by Size of Company

Although an estimated 15,000 firms perform- re-
search and development in the United States, a rel-
atively small number account for the buik of the ef-
fort. Approximately 1 percent of all R&D-performing
firms, or 128 R&D-performing companies, had more
than 25,000 employees during 1977. These 128
companies reported R&D expenditures of $22 billion,
73 percent of the U.S. industry total. On the other
hand, companies with less than 1,000 employees,
which comprised 91 percent of the number of R&D-
performing firms, reported only 5 percent of the total
R&D expenditures during the year.

The federally funded R&D effort was even more

J concentrated among large companies. Of the 128

R&D-performing.companies with more than 25,000

employees, 73 reported Federal R&D funding during

1977. These 73 companies performed 84 percent of

all the federally financed research and development
during the year.

The four U.S. companies with the largest R&D ex-
penditures during 1977 performed 20 percent of all
industrial research and development for the year. (For
perspective, note that these same four companies ac-
cotnted for 9 percent of the total net sales of R&D-
performing manufacturing firms and 8 percent of
their total employment during 1977.) The source of
funding for their R&D activities was roughly propor-
tional to their total share of the effort; these firms
received 19 percent of all Federal R&D funds con-
tracted to industry and performed 21 percent of all
company-sponsored research and deve!opment dur-
ing the year,

Examination.of the R&D performance of the major

~ companies in each industry indicates that the large
companies dominate the R&D field. Table 1 for se-
lected industries shows the percentage of total and
Federal R&D funds expended by the top 4 and top

' 20 companies in each industry. Note that the top 20

companies perform virtually ail the federally funded
research and development in most industries.

Table 1. Proportion of RAD funds spent by the largest
R&D-performing companies: 1977

3
Percent of total R&D | . Percent of Federal
funds R&D funds
Industry :
First 4 First 20 First 4 First 20
companiey | companies | companies | companies
Total ........ 20 53 19 73
Chemicals  and
allied products 32 69 84 99
Petroleum, min- .
ing and extrac- :
tion ... ... 59 98 90 100
Primary metals .. 33 75 34 92
Fabricated metals, 36 71 45 91
Machinery .. ... 61 82 94 95
Office com- '
puting and '
accounting '
machines .. 83 97 99 99
Electrical equip-
ment and com-
munication . ., 57 85 66 4
. Mator  vehicles :
and motor ve-
hicles equip- i
ment ........ 94 99 97 100
. Adrcraft and mis- T,
siles ......... 53, 98 58 100
Professional and AT A S e N
scientific  in-
struments . ... 55 82 82 91

Note: Afl rankings are based on total R&D f:.snds,
Source: National Science Foundation ;

ol




R&D Funds Related to Net Sales

Research and development comprises but one of
many dactivities competing tor a portion of a firm’'s
total revenues, The ratio of R&D expenditures to rey -
enues, or net sales, provides one means of identifying
high technology industries that have displayed heavy
dependence on research and development over the
years. in such R&D-intensive industries, e.g., electn-
cal equipment and instruments, the R&D/net sales
Tatios ranged from 5 percent to 9 percent during the
1967-77 period. Because of the large amount of Fed-
eral detense- and space-related work, the aircratt and
missdes industry s unique in this respect, reporting
an R&D/net sales ratio as high as 20 percent in the
late sixties. Low technology manutacturing industries,
on the other hand, typically report ratios under 1 per-
cent.

Between 1967 and 1974. the average R&D/net
sales ratio tor all manutacturing industries dropped
sharply. trom 4.2 percent to 3.1 percent, where it
remained through 1977, The aircraft and missiles
industry and the electrical equipment industry, the
largest industrial performers of Federal research
and development, were the primary factors in this
trend as a result of the federally funded portion of

4

industrial R&D expenditures declining from 5i
percent in 1967 to around 36 percent in 1974 and
subsequent years. Those high technology in-
dustries that are less involved in Federal R&D
programs showed slight increases in their R&D/net
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sales ratios, or remained at roughly the same level
throughout the 1967-77 period.

A eflection of corporate attitudes and policies on
research and development as a means of achieving
company growth can be seen in the relationship be-
tween the amount of companies’ own funds (exclud-
ing Federal awards) spent for research and develop-
ment and net sales. The company R&D/net sales ratio
has remained relatively constant for more than 20
years. It has been 2.0 percent since 1972 and has
never heen higher than 2.2 percent since this series
began in 1957. Among individual industries, the ratio
of company R&D/net sales has also tended to be rel-
atively constant over time, although the size of each
ratio is largely dependent upon the degree of R&D
intensity of a particular industry. For example, com-
panies in highly competitive, technical industries—
such as office, computing and accounting machines,
and professional and scientific instruments—must in-
vest a large portion of their budgets in research and
development to help ensure future sales in areas
where technology is changing rapidly; thus their

-company R&D/net sales ratios are high (9.4 percent

and 5.4 percent, respectively, in 1977). On the other
hand, company research and development in an in-
dustry such as petroleum refining and extraction,
while extremely important in this age of energy con-
cern, is relatively small when compared to the vol-
ume of sales made by the industry. The company
R&D funds/net sales ratio in the petroleum industry
was 0.6 percent in 1977, (The ratio for the petroleum
industry does not contain expenditures for explora-
tion for new sources of fuel.)

The total R&D funds/net sales ratio tends to be
more changeable than the company ratio in those
industries which are heavily dependent upen Federal
support; while companies as a rule make gradual
changes in their own spending, the gain or loss of a
Federal contract can cause wide yearly swings in a
company's total R&D expenditures. For example, the
total R&D/net sales ratio in the aircraft and missiles

industry went from a high of 28.3 percent in 1964 to

a low of 12.7 percent in 1975 and 1976, and climbed
to 13.0 percent in 1977. Federal R&D expenditures
for space had been increasing with the growth of the




Apollo lunar landing program and reached a peak in
the late sixties. Thereatter, Federal R&D funds for
space declined each year through 1973 as the ox-
penditures for the space shuttle, begun in 1970, were
not as large as those 1or the Apollo program. Federai
R&D space expenditures began an upswing again in
1974 with increased outlays for space shuttle devel-
opment. The aircratt and missiles industry is of course
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greatly attected each time there are such large
changes in Federal outlays for space research and
development. At the same time, gradual increases in
Federal defense R&D outlays have helped to mini-
mize the fluctuations in this industry. ‘

Character of Work

All three types of R&D activity, basic research, ap-
plied research, and development, -increased by 11
percent between 1976 and 1977, the second consec-
utive year that all three rose at the same rate. Follow-
ing a decade of increases larger in applied research
and development than in basic research, the 1976-

0
oot
..
)

Constant 1972 dollarsd ~w &

77 pattern reflects the change in R&D strategy men-
tioned in the ‘Company R&D Funds’’ section.

]

Basic research

in 1977 industrial basic research spending rose to
$910 million, increasing by 11 percent over the pre-
ceding year—the same growth rate as applied re-
search and development, If measured jn constant dol-
lars, this represents a 5-percent increase, the second
consecutive real increase following mare than a dec-
ade of steady decline. Industry officials in basic re-
search-intensive industries see this as the start of a
reversal of that trend.
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Larger companies are the largest performers of
basic research. In 1977, 66 companies, representing
over one-half of the R&D-performing companies with
25,000 or more employees, renorted basic research

"expenditures. These large companies performed 54

percent of all industrial basic research. The percent-
age of R&D performers with basic research expend-
itures declines as the size of firms becomes smaller.
Smaller and medium-sized firms, however, devoted
a higher percentage of their R&D funds to basic re-
search than did firms with 25,000 or more employ-
ees.

Three-quarters of total industrial basic research was
financed by companies’ own funds in 1977, In the
past this number has fluctuated from 75 percent to
80 percent of funds for basic research. Although the

- chemicals industry received the largest absolute

amount from the Federal Government for basic re-
search, $68 million, this industry also spent nearly
four times that amount of its own funds on basic re-

-search. On the other hand, nonmanufacturing indus-

tries, which include independent R&D laboratories,
received 85 percent of their basic research funds from
the Federal Government. just 2 percent of all Federal
R&D support to industry was for basic research in
1977. The Federal Government has traditionally de-
pended upon universities and colleges to perform the
majority of the Federal basic research effort.

As in the past, the chemicals industry, including
drug companies, led all other industries in basic re-
search performance with a 1977 expenditure of $336
million—11 percent above the 1976 level. Other
major basic research performers included the electri-
cal equipment and communication industry, $181
million; machinery, $59 million; and aircraft and
missiles, $56 million. '

Two industries—the drugs and medicines segment
of the chemicals industry and the communication
equipment portion of electrical equipment—led the

et i e a0

-

. creased in recent years, with the result that it is no

rise in basic research spending with increases of 10

\‘jf"'&—-—-ﬂemenmnd 12 percent, respectively. Représentatives

from the drugs industry indicated that the cost of pre-
market testing of new drugs has precipitiously in-

>
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longer sufficiently profitable for drug companies to
market marginal improvements in or reformulations
of existing drugs. Instead, the industry is searching for
breakthrough products which will yield a significant
return on the amount spent for testing. They feel that
these prucucts can best be found through an in-
creased basic research effort. Communication equip-
ment industry officials also cited a desire to find new
products and expand into new markets as responsible
for their increase in expenditures for basic research,

The distribution of funds for industrial basic re-
search by field of science has fluctuated little since
1967. Almost one-half of industrial basic research in
1977 was in the physical sciences, with approxi-
mately 70 percent of this total in chemistry. Engi-
neering accounted for an additional 26 percent of
industry’s basic research performance. This concen-
tration by field reflects the dominating interests of the
chemicals and electrical equipment industries in
basic research, :

Table 2. Proportion of industrial basic research by field
of science
[Percent distribution)

Field of science 1967 11972 11976 | 1977

Total ......co..us. et eees " 1100 §100 {100 (100
Chemistry «...........ovvni.., 26 |31 |31 | n
Other physical sciences ......... 23 1 16 113 | 13
Mathematics . .................. 2.1 2 21 2
Environmental sciences ... .. ..., 2 1 2 2

- Engineering.. ........ veornneese Jo27 431 L 25 26

Biological sciences ............. }” 10 |2 |14
Clinical and medical sciences . . .. 4 4 3
(o 1 8|6 |10} 9

e




Applied research and development
By industry

Expenditures tor applied research and develop-
ment rose $2 9 brlion during 1977 1o a total of $29.0
billion. representing an 11-percent increase tor the
second year in a row. In terns of constant’ dollars.
1977 expenditures rose 5 percent, down slightly from
the b-percent increase duning 1976, Federal funds of
$10.3 tulhon accounted tor 36 percent of industrial
apphed research and development duning 1977

Over two-thirds of the combined applied research
anid development expenditures were made by four
ndustries. Aircratt and missiles ($7.0 billion); elec-

trical equipment and communications ($5.8 billion):
machinery ($3.9 bhillion); and motor vehnicles ($3.3
billion). Since applied research and development ex-
penditures have historically accounted for over 95
percent of total R&D spending, the pattern of ex-
penditures for both Federal and company applied re-
search and development has closely paralleled that
of total research and development. Almost 80 percent
of Federal support was channeled into two indus-
tries—aircraft and missiles ($5.5 billion, representing
78 percent of the total applied research and devel-
opmemt expenditures of that industry) and electrical
equipment and communication ($2.7 billion, or 46
percent of the total industry effort).
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By product field

The NSF industrial survey collects statistical data
on applied research and development not only by
individual industry, but also on a prodtict field basis
within each industry. (See tables B-50 through B-55
of the companion volume.) Product field data provide
a valuable supplement to the broader-based, tradi-
tional industry classification.

in the industrial R&D survey, companies are class-
ified by industry as a total unit into the Standard In-
dustrial Classification (SIC) code which contains the
largest percentage of their sales. Thus, the classifi-
cation for conglomerates and other diversified com- °
panies may not wholly represent the field in which
their research and development is accomplished. For-
example, a company which has most of its sales vol-
. ume in a food subsidiary would be included in the
food industry category although most of its R&RD pro-
© gram may be directed toward its chemicals business. .
The product field data show the exact product field
where applied research and developent is directed®
irrespective of the primary industrial classification of
the performing firms. In using these data, it should be
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emphasized that company officials usually do not
keep their official records by product field; thus,
greater emphasis is placed on the use of informed
estimates in providing these data.

Seventy percent of all industrial applied research
and development expenditures in 1977 were made
in six product fields: Electrical equipment and com-
munication, $5.9 bitlion; machinery, $3.6 billion;
aircraft and parts, $3.1 billion; guided missiles and
spacecraft, $3.0 billion; motor vehicles and other
transportation equipment, $2.6 billion; and chemi-
cals, $2 2 hillion. .

Many companies are becoming increasingly divsr
stfied in . markets they serve and their R&D ex.
penditures are also being spread over a wider variety
of products. The following tabulation shows a "spe-
cialization” ratio 1or selected industries; that is, the
percentage of applied research and development that
-+ a company Girects towards its major product field.
The specialization ratios were derived by dividing the
R&D tunds spent on an industry’s primary product
by the total applied research and development ex-
penditures of that industry.,

1970 977

Chemucals and albied products ... 80 76

Lrugs and medicines . . 83 74
Arrcraft and misssles o 87 73
Machmery . 60 67
Electrcal equipment and communication .. 51 5
Primary metals S 64 47
Petroleum retinimg and exstraction R 41 45

Fabric ated metal products . 40 38

Although the majority of industries decreased their
specialization ratios between 1970 and 1977, a third
- -of the selected industries had a greater concentration
of research and development in their major product
in 1977 than they did in 1970. There are many rea-
sons for the changes that industries make in the in-

.._.,..,...ien.say of research and development they put into

their _primary products. Three of the most important

oneésTare” (1) companies diversify for financial reasons™

and acquire businesses unrefated to the parent com-
_ paniey’ line of business, {2) compenies find a need

to do in-house research and development in other
product fields to enhance the development of their

major product, and (3) parent companies acquire -

other companies in their own line of business or com-
panies doing research and development in areas that
are needed by the parent company. The first two rea-
sons would dilute the proportion of research and de-
velopment done in a company’s major product field,
while the third would generally tend to increase the
specialization ratio of a company.

Energy R&D

Industry’s performance of energy research and de
velopment reached $1.9 billion in 1977, an increase
of 20 percent during the year. According to company
officials, expenditures -were expectea to rise an ad-

cditional 11 percent during 1978. Since 1972, the first

year that data were collected for this category, energy
R&D performance by industry has risen at an average
annual rate of 22 percent.
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Leading industries were electrical equipment and
<ommunication, $670 million, up 15 percent over
1976; and petroleum, $531 million, up 21 percent,
The electrical equipment industry’s rise is tied to in-¥
creases in coal and nuclear research and develop-
ment. The petroleum industry’s increase has been
concentrated in fossil fuel research and development.

‘Federal support for energy research and develop-
ment rose 21 percent aver 1976, primarily as a result
of increases in coal R&D suppont, nuclear fission, and
solar research and development. The company-funded
R&D increase of 19 percent is accounted for by siz-
able rises in company funds for R&D projects for oil,
nuclear fission, conservation, coal, and geothermal

oL

The nuclear energy category continued to domi-
nate industry’s energy research and development,
accountmg for 47 percent of ali expendxmres in1977,
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ity prominence i due to the large amount of Federal
funding 1n this category, $669 million, nearly three-
- Quarters of all Federal energy R&D funds to industry.

Company R&D funds are meost concentrated in the
fossil fuels area, which rose 19 peicent between
1976-77. While the largest amount of this category
was directed toward oil research and development,
voal research and development registered the largest
percentage increase, 40 percent, over the 1976-77
period. '

Solar energy increased 51 percent, generally due
to a 65-percent increase in Federal funds for that area.
Geathermal energy also registered a large increase,
85 percent. However, even when the two energy
sources are added toxether, their R&D expenditures
“totaled Jess than $100 million in 1977,

Conservation has been the fastest growing area of
__industrial energy research and development. In 1974

Y e ¥ g, e e

energy conservation research and. development was
*——“wsi’ﬁﬂnmt{m tess than 2 percent of industry’s total
energy R&D outlays. In 1977, the R&D expenditure
in this area reached $124 million, and represented
aver & percent of the energy R&D total.
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Pollution Abatemént R&D

R&D expenditures for pollution abatement totaled
$918 million in 1977, a 21-percent increase over the
1976 total: This increase is the largest since the data
series began in 1973. Iidustry R&D personnel haye
attributed this rise to increases in R&D spending to
meet government regulatory requirements, which
have primarily affected the motor vehicles and chem-
icals industries. The motor vehicles industry has tra-
ditionally accounted for over ane-half the R&D ex-
penditures for pollution abatement and it is likely that
this trend will continue for the next several years,
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.Empl\oyment of R&D Scientists and Engineers

Total industrial employment of R&D scientists and
engineers (full-time-equivalents) reached an all-time
high of 400,100 in January 1978. This represents an

inCrease of 17.700--5 percent over the January 1977 ‘

level—and surpasses the previous peak of 387,100
setin 1969, After that date, the number of incustrial
R&D scientists and engineers declined for three years
during a period of decreases in Federal R&D funding.
Since 1972 there has been a gradual rise in the num-
ber of R&D scientists and engineers employed by in-
dustry, advancing even durning the 1974 recession
when total Givilian employment declined over 1 per-
cent.

¢

An examimation of employment by individual in-
dustry reveals a wide variation in the relative in-
creases i the number of scientists and engineers,
This is especially apparent when examining the 2-
year period from fanuary 1976 to January 1978, The
sharpest increases were seen 1n the motor vehicles
and the aircraft and missiles industries. Employment
of R&D scientists and engineers increased almost 20
percent in the motor vehicles industry during this pe-
riod, reflecting the industry’s intensified efforts to

design and develop lighter, more fuel-efficient vehi- )

cles. Increases in funding of industrial research and

. development, resulting largely from the development
__of the space shuttle, contributed to the 16-percent

increase 1n the employment of scientists and engi-
neers in the aircraft and missiles industry from Janu-
&1y 1976 to January 1978 ‘

A0 january 1978 the progortion of all R&D scentists
and engineers employed in industry by companies

- with more than 25,000 employees has accounted for

. almost two-thirds of their otal employment and has
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remained relatively constant since 1973, the first year
that this size class was separately identified. In Jan-
uary 1978, except for the smallest size class of less
than 1,000 employees, which remained level, all
other size categories showed an absolute increase in
their number of R&D scientists and engineers during
1977. . '

A frequently used measure, which allows compar-
isons of relative unit costs between industries, is the
cost per R&D scientist and/or engineer. These ratios
vary sharply by individual industry, depending on the
type of R&D activity undertaken. The all-industry av-
erage for funds spent on R&D programs increased 6
percent during 1977 to $76,400 per scientist or en-
gineer. Although the all-industry average of cost per
scientist or engineer has increased every year during
the 1972-77 period, there has been no growth at all
in this ratio when put in terms of constant dollars.
Corporate outlays per scientist or engineer, on a con-
stant-dollar basis, rose from $55,300 in 1972 to
$56,000 in 1973, fell to a 12-year low of $52,300 in
1975, and rose again to $54,000 by 1976. This re-
flects the real-dollar decline of R&D expenditures
(caused by a drop in Federal outlays) which tccurred
between 1973 and 1975, ~ | :

Although the actual corporate outlays for these
R&D scientists and engineers and their supporting
personnel increased 51 percent between 1972 and
1977, the proportion of R&D funds spent on wages
and salaries has declined. The share of R&D expend-

itures attributed to materials and supplies also de-
clined 11 percent since 1972, while"thé propordion

for other costs increased 9 percent. Industrial leaders

have attributed this rise to increases in overhead, par-

ticularly energy and real estate costs, and a rapid rise
. *
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Year

1972

e 197 %
) 1974

1975

1976

1977

in depreciation. Table 3 shows R&D expenditures
broken down by the major costs.

The ratio of scientists and engineers in industry to
total employment-increased to 27 in 1977 from its
1972 low of 24, During the 1972-77 period industry
experienced relative economic health, increasing
sales nearly 22 percent in real terms. At the same
time, companies increased their R&D programs, hir-
ing more scientists and engineers (14 percent more
than in 1972) as well as increasing funds for R&D'
programs. Total industrial employment rose less than
4 percent aver this entire period. Department of Com-
merce data indicate that from 1972 to 1974 the con-
stant-dollar value of inventories increased, probably
due to the recession during that period. In 1974 to
1977 the real value of inventories actually declined,
This may indicate a desire on the part of industrial
firms to reduce the value of inventories. Thus, com- |
panies did not need to hire more production workers,

but, in view of increasing R&D programs, did need

additional R&D scientists and engineers.

Table 3. Industrial R&D expenses distributed by type of cost

D e e -y

Total R&D
vxpendttufe\
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$19,539
21,233
22,867
24,164
26,918
29 %7

—_———h

.

[Dollars in millions]

Wages and salaries Materials and supplies Other costs
Percent Percent Percent
of of o =
éxmminum total Expeﬂdttureq total Expenditures - |  total
ek L §
59 528 44 $3.69% T 19 ) .$6,315 32
10,561 50 3,904 18 6,768 32 -
11,367 50 4,166 18 7,334 32 =
11,992 S0 4,285 18 7,887 33
1336 49 4,690 17 9,112 34
14.415 48] S0s0 1 17 ] 10431 35

RSOSSN

Source: Nahonai Science Foundation | ' SRR |




APPENDIXES

A. Technical Notes

B. Statistical Tables -

C. FFRDC’'s Administered by Industrial Firms

D. Reproduction of Covering Letters, Ques-
tionnaires, and Instrucfions

NOTE The detaded statistical tables for this volume have been published sep-
arately. Included on pp. 21-29 in this volume are selected tables, showing
Tty e historical R&D data, as well as a complete listing of ali tables: Detailed statis-  { + ——=
: ' tical tables may be obtained gratis from the National Science Foundation, '
Washington, D. C. 20550
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APPENDIX A
Technical Notes

Scope of Study

The National SGience Foundation sponsoted ils st sunvey of
industogd resedarch and development n 1953 Sice then the
s of Me soney s Rradually been moditred i response to
hanging needs 1o1 mtormation on the Nation's R&D eftort

Phis 1977 gndustry survy s the 216t o0 an annaal senes spon
sored by the Foundation and condueted by the Bureau of the
Coemsgs U Department of Commerce The Toundation also
spemsared tao industry surveys covening the years 1953 56,
which were conducted by the Bureau of Tabor Statistios (8LS),
U8 Department of {abor ' Data obtaimed 1 the BLS sufveys are
not directly comparable with the Census tigures tor 1957 77
because of methadological and other ditferences i the survey -
condudcted by the two agencies o addiion, the Consus sufveys
have collected data on the R&D activaties of the tederally fund
v research and deselopment | centers (FERCD'S) that are
operated by business titms whule the earhier BLS surveys did not
HERDC S are orfamzations administered by industnal, educ a
tional, or other imstitutions on a nonprofit basss, they conduct
R&D activities almost exdusively tor the use of the federal
Covernment . R&D expenditures of  industry administered
FERDC s included in this survey as part of the Federal R&D data,
are hsted under the dassitications ot the admmistenng firms
Total R&D gapenditures and selected  personnel data tor
FERDC < are shown in table B56) To account tor the R&D
pertormance of these research centers in 1956 Census adjusted
data tor that vear (collected in the 1957 survey) to provide com
patable trend data tor 195 and earher years

Data on scientitic perse nnet are not directly comparable with
data in sunveys formerly conducted by BLS For example, the
reporting untt used in the Census surveys of industrial research
and desveloginent s the Company, which s detined to inc lude all
establnhments under common ownership or controt Surveys ot
scentitic and technical personnel conducted by BLS were on an
establishment reporting-unit basis Further. the Census surveys
obtan data on the number of R&D scientists and engimeers on a
tull time-equivalent {FTE} baws, unlike the surveys of BLS in
which data were provided in terms of scientists and engineers
prmardy employed m research and development Other vana-
tiony in the two sets of data may be the result of different offices
i the same company preparing the estimates, or the varying
response rates of the two surveys. '

The statistics presented i this re;;mt are subject to response
and concept errors caused by ditterences between survey and in.
dustry concepts and defimitions of R&D activities and by varia-
tions 1 company accounting procedures

'Nmnna: Sowence Toundation Scence and Engineering 10 Amenican industry final
Report an & 195354 Survey (NSF 50 V8) and Science and fngineering in Amverican |y
dusiry, 1956 NST S850) (Washington, D 20402 Supt of Documents U S Govern
ment Frinting Offce. 155 and 1960) -

Sice the tist industry survey in 1953, the quality of the data
has improved substantially, mainly ds a result of more accurate
and sophisticated accounting procedures adopted by
respondents  In additien, the Foundation and Census have
endeavored to reduce respome and concept errors arising from
_dlm(ultles i interpreting or applying survey detimitions

- .

Survey Definitions?

Research and development - Basic and applied research in the
scences and engmeenng and the déscgn and development of
prototypes and processes This definition excludes quality con
ol routine product testing, market research, sales promotion,
sales semvice, research an the social serences or psychology, and
other nonted hnologic al activities or techmical services.

Basic research —Oniginal investigations for the advancement

of saentific knowledge not having specific commercial objec.

tives, although such investigations may be in fields of present or
potential interest to the reporting company

Applied research -~ Investigations directed to the discovery of
new saentitic knowledge having spedific commercial objectives
with respect 10 products or processes This defimition datters from
that of basic research chietly 1in terms of the objectives of the
reporting company

Development ~Technmical activities of a nonroutine nature
concerned with translating research findings or other scientific
knowledge into products or processes. Does not include routine
techmeal services to customers or other activities excluded from
the ahuve defimtion of research and development.

Funds for research and development —Operating expenses in-
curred an the conduct of research and development in a com
pany’s own laboratory or other company-owned or —ofreraged
facdities Includes wages and salaries, matenials and supplies
consumed, property and other taxes, maintenance and repairs,
depreciation, and an appropriate share of overhead, but ex:
cludes capital expenditures All funds for R&D performance in
this publication are expressed in current dollars rather thap in
constant dollars

Federally financed research and development — Work done by
the company on Féederal R&D contracts or subcontracts and
R&D portions of procurement contracts and subcontracts.

Company-financed research and develapmentl—Cmt of the
company-sponsored research and development perfermed
within the company. Does not include company-financed

*toc more detailed mformation on defuntions, as well 25 the wslructioas for o
dividual dems covernd 10 the suivey questionnase, see appendm €
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Pettoleum retimima and entracion (29 1310
Rubber products (3

Promary moetals (33 ]
Permus metede and producty (3882 5498 1394
Nonterrous nyetalds and products (333 36)

Fabaoated metal produdcts {34)
M fnm-n 149
ANMhee computing, and accounting machines {3571

Hlectneal equipment and commun ation {3 481"
Radio and IV recenving egquipment {365
Hedtromc components (361
Communication equipment and communic ahon (3o 48;
Other vlectnical equipment (361 64 and 364)

Motor vehicles and motor vehicles equipmient (471
Othes transportation equipment (37375 37,
Arciatt and mussles (372 370}

Protessional and scentitic mstraments {38)
Sotentitic and moechantcal measunng mstraments {481 8.2
Optical surgical, photographnc, and other imstruments
{383 87)

Other manutactunmg mdustres tohacco manutacturers (11}
ponting and publnhing 1270 leather products (311 and

miscelluneous manutactunng mdustries { 39)

Nonmuanutactuning  industries dagniculture, torestry, and
tsher s (0700 muming (1012 145 contract constiuc bon
1917 tramsportation and other public ulibities {41 47
49, wholesale and retad trade (50 59), finance, imsurance
And real estate (60 67) and seledcted setvice industoies

LTAT T30 807, 891

Company size class - The wize of o company as determined by
the total number of ity employees The five company size ¢ fasses
usedon this teport are Jess than 1.(06) employeos, 1000 to 4 9949
5000 to Y9 employees, 10,00() o 24,999
um;)!mvm and 29000 or more umpk)vvos

employees

Classtfication ot reporting units -~ The company or COpOrate
tamuly which indudes all establishments under common owner
shup o control Simlarly, each company s classitied a single
size ategory on the bass uf its total employment

Cost per R&D vcientist ur engunevs - D enwd by dividing the
anthmetic mean of the number of R&D ¢ wntMs and engineers
reported 10 each industry for fanuary in two consecutive yedis
mta the total R&D espenditure for each particular industny

<

LI e gontpvew ot thooataty o rutde gaettabesn amd o ur.n fron i bias grougmed with
frotterdeion re S S atnd nmmtiens 4o td8 ) o muupm) worh edec S egguipmient
it oy the Aot ac fum,m [T ITT TV IPTS TN

Nonavadability of certan statintics - stimates are withheld.

tor not mecting publication standards tor regsons such as ex
tremely hath associated sampling etror of estimate, high rate of
mputation (over 50 percent) because of tadure of companies to
report possibie dise losure of data on an mdividual company, or

Cases where data were inconsistent 1or e lusion in d time serney

I tables the term not separately avadable but induded n
tolal” mdicates statntics were' not published tor any of these
reasans Insome imtances, withheld data can be denved by sub.
traction trom higher feved totals Where this s posable the data
wser should be aware that the derned numbers are statistically
untehiabde In noonstance, howeser, can any data be derived
which would disclose the operations of an mdin idual company

Questionable data - Data with imputation rates over 50 per
cent hase not been published  Users should consalt appendin
table A T o imputation rates of specitic Homs

Method of computation  Detailed statntics i the tables may
110t add te totals Cr subtotals bec ause of rounding Alvo. percent
ages were calculated on the bases of thousands of dollars and
may ditter from those based on the rounded tigures shown

Methodology of Survey’

The sample used tor the 1977 Survey of tndustigl Research
and Development represented all manutactuning industries and
thase nonmanufactuning industries known, on the basis of
earhier. more detarled samples, to conduct or 1o tinanc e research
and development The sampling unit for the survey was the com.
pany. defined as a business offanization conusting of one or
more establishments under common ownership or control Ap-
prosimately once every five vears, a new panel for the R&D
survev o selected A new panel was selected tor the 1976 survey
{the tirst since the 1971 survey) Approximately 11,500 manufac-
tuning and nonmanufaciurmg compames are mcluded in the cur-
rent sumple, which consists of about 4,500 certanty companies
{those with 100 percent chance of inclusion i the panel} and
about 7 XX noncertanty companies

Compamies in the new panel which had received an RD-1 form
in the old pane! once again received an RD-1 form in 1976 {about
1,100 companies) Thes form secks detaifed R&D information
The remaining cettainty and noncertamty companies in the new
panel received an RD-2 survey report in 1976, Form RD-2 is an
abbreviated version of RD-1 and is only mailed to companies in
the year in which a new sample s drawn  The purpose of Form
RE-2 15 to canvass smaller R&D performers with a mimmum of
reporting burden. Once the RD:2 forms were received and
tabulated from the survey respondents in 1976, they were re-

’
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‘ Table A-1. Imputation rates for selected items on the research and dawe!optﬁant survey by industry: 1977

. [ Percent) ‘
T : ) . ' Htem § - R&D expanditures
‘ jtem 2 ftem 4 A =
! ' : Basic research Appiiad resaarch Deveatopmaeant Total R&D '
] S
industry SIC Cone Employ. | Sclentisty/ Com-
. i Saies’ mant' snginesrs | Total {Federal | Company | Total | Federal | Company | Total | Fedaral | Company Total' |pany'; Faderal!
TOtal oot ' . 3 19.6 6.9 | 175 156 | 6.1 | 125 308 [27.1| 152 364 | 15 2.0 K
— ——r e = =
Food and kindred produd ts i 2.1 208 212 - 212 19.6 - 196 (184 ' - 1.4 15 - 1.6 ~
Textties and apparst .. ..., . 5.6 109 145 - 145 16 3 - 163 11.2 - 11,2 1.5 33 ~
Lumber, wood products | '
and furntuce L, - 254 | - - - 3 - 3 6.0 - 6.0 - - -
Paper and alhies products ..., ., .. : 26 2.4 25 20.8 7.7 - 7.7 26.6 — 26 6 186 - 18.6 1.2 1.2 -
: Chemical and athied products ., .., . 28 1.5 2.2 28 6 7.3 7 8.8 338 48 38.1 32.1 27.9 32.4 1.7 18 .5
r o :
. fendustrial chemecals . ., .., ., . | 281 82 - - 22,0 5.7 7 8.1 38.0 49 48.3 43,85 27.1 45.4 ~ - —
- Drugs and medscines . .. .. . g 283 2.4 5.1 28.8 8.1 - 8.3 38.6 7.6 38,7 249 52,4 249 29 29 2.4
: Qther chemucals . ... ........ i 284489 26 29 42.7 10.7 - 11.0 -12.8 - 132 17.3 866 172 3.4 34 1 -
2 [ o e = ‘_#2**—:,
Petroleum ratining and extractipn, . I 29,11 - 2 2185 10.8 - 109 ! 21.2 .2 234 13.2 1.9 14.1 - - -
Rubber products, ., , ... ..., ... l 30 28 9.3 31.2 19.2 - 193 18.5 6.5 320 41 .5 820 289 8 1.0 ~
Stons, clay ard glass products . . | a2 3.1 24 16.0 -~ - 16.1 10.9 - 11.1 13.7 7.6 139 1.2 25 -~
Primary matais ..., .., . L 33 1.4 32 266 < - 2 19.3 11.0 1856 25,1 629 259 38 as 1.7
- Ferrous metais and products . . .| 331.32.3398 3399 2.5 2.9 14.5 8 6 37.0 | 385 370 {344 588 338 43 3.9 9.0
: , Nonterrous metals and progucts :_ o 333-36 2.6 3.7 34.6 - - - 6.4 - 6.6 21.3 839 139 3.3 3.5 -
Fabricated metel products . .. | 34 1.4 2.6 15.5 - - - 21.7 - 223 |[229 | §2.3 18,2 25 24 3.6
Machinery . . .............., ... 35 1.3 1.5 19.3 138 48 .9 11.6 24.1 8.7 316 18.3 31.7 162 8 R -
Otfice, computing, and ! .
&CCouNnting machines ... ... ! 357 1.3 1.0 231 120 | 643 89 13.3 88 181 16.1 33.2 128 a3 4 -
S —— —
tlectrical equ pmaent !
BN cammunicatian . ..., ., ., ! 36,48 E:) 8 23.6 32.0 39.0 308 19.5 236 179 27.6 27.1 24.6 1.4 1.5 13
Rati0 and TV equipmens ., . . 366 20 38 29 ~ - -~ 73.5 - 735 82.3 - 823 R~ R ~
Electronc components ., . . . . 367 1.2 1.6 49 .8 7.1 — 8,1 42.1 73,7 35,5 50.4 516 49,7 2.3 2.1 29
Cammunication equipment
and communication L, . ..., 366,48 9 9 11,4 326 | 271 334 16.0 320 110 | 1727 204 15.0 2.1 22 25
Qther slectirical aquipment 361 64,369 - .1 278 36.1 87.9 223 16.9 14,1 182 30.4 28,7 326 R 2 -
b i — 3= SR, S
Motor vehicles and motor vehicies
SQUIPMENt L. L. 371 - .1 48 34.1 26.8 343 2.9 504 953 82.2 s0.4 88.1 - ~ -~
Other transportation equipment , , | 373.76.379 8 6.1 9.7 . 5 - 9 -~ 9 86 as 2312 4.0 N4 -
Ajrcraft and mussiles ., . ... e 372,378 4.2 1.3 56 27.4 | S3 6.3 8 2.7 105 2,7 2.1 54 -~ A -
- frofestions! and yoisntific
— NRIrumeants ., ..o, v, 38 1.7 12.4 33.0 28.0 ~ 418 44.3 210 458 879 40.3 7.7 1.8 1486 -~
Scientific snd mechanical
messuring instrumaents . . ... 38182 1.3 1.6 302 22 - 227 218 125 22.1 6.9 76.2 289 8 1.4 -
Qptical, surgical, photographisc, . E
ey - axt athes aquipmant .. ..., 383-87 158 178 3485 48,1 - 60.7 5.7 | 248 57.4 80.4 383 801 - 7.4 202 - B
e OThsC manutacturing industrias . . . 21,27,31,39 5.3 5.3 ss 60.1 - 60.1 | 380 - 368 la2ss —
: Normanufacturing industries , ., ., 07-12,14-17 4147, A 1.9 35.1 374 | 382 338 45.9 s8.4 262 21 8
e 737,739 807 881 )

L — ROprasenis no inputation )
‘Thase itams caicutated from form RO (dstaiiad form madied fo lsrge corporations conducting RED), and foim RD-2 (abbreviatedt varsion of RD-{ form maiied to amaiier RAD perforrary), 2
Al gtiver items calcuiated trom form RE-1 oniy, RD2 respondeants ware ot asked (hese questions. e
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Table A-1. Imputation rates for selected items on the research and development survey by industry: 1977 — Con.

itam 7 I Item 8 tem 9
St emneme oo Bt DRI PR, ftem 11 item 12 item 13
R&D by cost T Fieids of bavic research Appiied R&D by product fiekd
. Qthar ' Eisctrical Aircraft Motor Energy | Poliution Outside Foreign Industry
. Wagas | Materiais costs Total | Chemistry Engineering Total | equipmaent and parts | vehicles A&D sbatement | company’ R&D .
i8.0 36.2 182 16,1 30.2 28.0 18.0 24.0 11.7 456 5.2 37.3 2.3 £.3 Tosal
¢ :’___",‘?‘;.‘L—-—'.Ti'fﬁ__‘" SEEOK Sty St L"'k‘ - — - # ]
» 180 235 9.4 13 1.2 8.3 11.4 10Q.0 - - - 298 - - Food and kindred products
8.7 52 7.7 145 - - 8.8 - - 100.0 - - - - Textiles and spparsel
. Lumbaer, wood products,
344 224 778 - 44 .3 -~ 42 - - - - - 7.3 - and furniture
21.0 36 6 174 8.1 16.3 - 19.8 - - - - = - - Paper anct aliied procucts
346 43,4 268.9 25 353 3.5 14.2 12.3 .- 52.0 20 7.4 8.7 255 Chamical and sliied products
s S
42 4 45 1 37.3 7.2 16.7 - 8.3 2.1 — 52.0 1.9 7.6 118 14.1 industrial chemicals
29.7 47 1 188 8.1 255 - 21.3 - - - — - 7.9 9.6 Drugs and medicines
21.0 211 14.1 108 79.0 518 16.3 100.0 - - 4.9 9.1 136 57.3 Other chemicals
RN S S . e
133 18.3 71 108 16.6 6.5 11.0 . - - 11.2 B 4 - Fetroleum refining and axtraction
378 429 394 84 235 18 214 5 92.4 80.0 - 7 ~ - Ruboer products
16 4 8.1 12.0 ; 8.0 - 438 10.7 .- 1.6 49.1 3.5 7.4 - 2.2 Stone, ciay and glass products
220 237 278 ! - - 9.4 65.8 28.0 114 2.0 1.6 - 40.0 Primary matsls
R G S '
383 80.1 359 - — 108 - 30.1 18.7 -~ 6 - ~ Farrous metals sand products
7.4 | 7. 3.4 -- - - 7.9 65.8 - - 3.5 1.2 - 54,2 Nonfarrous metals and products
P b PP Liotii i Sttt et il
5.0 61 6d | . : 7.4 - 63.0 8.2 B 1.1 - - Fabricated metal products
168 18.4 10.4 9.2 ¢ 11.3 33 124 20.7 87.7 .2 - - 1.2 1.2 Machinary
.- - . M R s SEETEE R SINPEN
. Office, computing, and
178 221 10.8 11.0 11.9 3.2 15.6 208 93.3 - - - 8 5.1 accounting machines
T ‘::.1‘;v RS I R, YETr - - el 1
"o Electrical equipmaent
: 84l 113 259 318 38.7 47.8 24.2 27.0 i8.6 46 5 K} 14,7 9 4 and communication
——— s .(1’. PUE UV <+ e — — - B s -4
1T ! . _1 - ~ - - - - - - - - Radio and TV equipmaent .
18.1 20.4 § 28.1 7.1 } .- 29,7 43.1 37.3 6.2 — - 6,7 - 11.2 Electronic componants
{ ! Communication equipment
6.7 73 Y 326 45.9 46.7 17.6 236 806 66.2 2.4 33.7 - - ) and communication
306 41,2 ! 9.1 5.8 - . 61.9 269 34,2 16.2 1.1 .1 5.7 102 11 Qther slectrical equipmaunt
e CYN ::__.f == { I ‘,...._1rq:::._.,m“ Y Qnp— - — . -
Motar vehicies and motor vehiclies
3.1 123 ! 58 | 34 71.7 6.8 40.4 g91.4 2 48.7 §2,7 - 54,7 3.6 - eaquipment
5.2 49 41 | .4 1000 - 1.0 7.3 - - - - - - Other transportation equipment
8.4 6.4 56 | 282 - 35.4 23 1.8 6.7 18.0 13.6 9.4 - . - Aircraft and misslies
{ Professional and scisntific
9.6 262 as.7 549 16.0 56.3 8.5 66.5 9.8 .- 1.4 34 6.7 Instruments .
PPOSS _—— - . erama e, - — " .
: . ® Sclantific and mechanical S
313 198 2.3 83.4 < 93 256 62,3 5789 X+ - - 7.2 - measuring instrumaents
Qpticsl, surgicsi, photograghic,
24.2 609 | 46.1 19.2 29.1 6.2 5.4 879 - - 38.3 26 6.7 and other aquipment
S — $ ]
1 g
254 239 61.0 56.4 - 29.1 178 ~ - - 6.2 - - Other manufacturing industries :
a3 106 39.3 868 356 17.6 226 245 7.8 5 3 - - Nonmanufacturing industries -
L . . e e

-
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Cviewed tor size Those RD D companies which reported R&D e

penditures of $500 00 G greater wete convertead to Form RID Y
and maded with ather RUD 1T compames in the 1977 survey | here
were shout 350 such compames The remaming RD 2 companies
are not anaded another torm hat duta 1or them are estimated by
the Bureau of the Cenves based upon thed 1976 report

All manatactuning and sefes ted nonmanutac turing companies
(0 SIS 49 7391 7392 7399 and 8911 with 1000 or more
employees were i luded i the sample with certamty Manutac
tuting and selected nonmanutactuning compames with tewer
than 1O employees were sampled at rates depending upon
therr mdustry and employment size titable A 21 The source of this
vampe was the 1974 Standard Statstical Establishment List
(SSED) The SSED was wved tor the first time an 1976 as a4 soufce
tor the R&D sampste for other nommanut . tuning industries, the
sample was based on the 1960 records of the Sasal Yecunity
Adminintiation

Fach year the annual Department of Detense (DOD) and Na
Bonal Arronautics and Space Admunintration (NASA) lints of
R&D vonmtractors are reviewed to ensure that the laree contrac
tors are ancluded in the sample For the 1977 survey . the R&D
pertornmung manutac turrmg companies trom the 50 largest NASA
tontractons were inciuded m the reporting panel wath cortainty

The particular sample selected v one ot g arge number of
sammiples of the same type and sze that by chande, might have
bren seledted Patimates trom each of the difterent samples
would ditter somewhat from vach other and from the results of
dcomplete canvass condud ted under essentrally the same conds
tions oy the sarvey . This vanation amonyg the posuble estimates
1o datined by the sampling error measured 1 standard error
units  The complete canvass total would be induded in the
tange

tobram ane Standard error belfow 1o one standard error
above the derned saimate tor about two- thirds ot all possible
\.th‘h-\

2 brom two ~standand errors below to two standard efrors above
the dernved estimuate tor about 95 percent of all possible
\dmuh's

obroms thiee standard erron below o three standard errors
above the dernved estimate  aimost always

An atterence that the comparabie complete canvass total

©woudd be within the mdn ated ranges woutd be comect in approx

imately  the, relative trequencies shown  Those  proportions.
theretore may beinterpreted as detining the confidence that the
estimates from g particular sample would differ trom complete
vaveraye resuits by as much as oie. two, or three standand errors,
respen tivedy \

For example suppose ancestimated total s shown as 400 with
an assonled relative standard error of 2 percent Then, there s
approvimately 67 percent contidence that the mterval 392 1o 408
s dudes the complete canvase total, shout 95-percent con.

\
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tidence that the mterval 383 to 416 includes the complete can
vass total, and almost certain contidence that the interval 376 to
424 includes the complete canvass total '

As stated, the standard error reters only to sampling varia-
tions  In addition to the sampling errors as measured by the
standard error, the estimates are subject to errors 11 response,
coding, proceswing, and imputation for nonresponse These non-
samphing errors would also occur if a complete canvass were to
be conducted under the same conditions as the survey

The 1977 standard errorns of estimates tor cach industry, tor ail
companies and tor those with tewer than 1,000 employees, are
shown in table A &

The torms tor the survey were matded i January 1978, and
nunrespondents received followups by mad Since total R&D
pertormance tunds, total Federal R&D tunds, total net sales, and
total employment are included in the Census Bureau's man-
datory statistical program, the tew companies that did not reply
to Forms RD 1 n 1977 were matled the Census Feon MA121,
which collects these mandatory items

In the absence of respondent dutributed data, Census has
estimated data tor stems as required in accordance with past per
tormance and mndustry averages Table A1 shows imputation
tates for most items on the R&D survey torm

Comparability of Data Over a
Period of Several Years

In the surveys of industrial research and development, there
has been substantial comparability over any Zvear period This
15 because the respondent has had before him, on the same
report form used in filing current data, the figures for the
previous year as reported by the respondent and as entered on
the form by the Census Bureau before mailing, the respondent
hay been asked to adjust the data for the previous year as
necessary to make it comparable to those of the current vear
Suth adjustments have been made to reflect, for example,
changes o reporting concepts or changes in company structure
such as mergers or acquisitions To maintam some measure of
consistency, the employment-vize Classification of any company
aftected by such changes has been ad,usted so that the company
is tabulated in the same employment-siZze category for two con-
secutive years

Some measure of the degree of change reflecting these ad
pustinents in contrast to an actual change in R&D activity can be
gained by comparing figures for the same vear repurted for two
succeeding reporting periods, e g, 1976 R&D statinticy in the
tinal report of the 1976 survey and the rewised 1976 R&D
statistics in the final teport of the 1977 survey The totals for
broad claswifications are hkely to be very close in the two
reparts, hut in the timer detail, larger differences are noticeable

. Phe results underscore the point that the medsures are approx

imate and indicative rather than precise

" Efforts to Improve Data Quality

Beginning 11 May 1975 and extending through the following
year, Census Bureau personnel, in coordination with NSF otuff,
conducted an extensive 'Response Analysis” of the Survey of In-
dustrial Research and Development The purpose of the analysis
was to discuss, on an in-depth basis, cach of the items on the
survey form to determine the sources used by companies to pro-
vide the data, the extent and methodology of estimating pro-
cedures, completeness of reporting, problems encountered by
respondents, and related questions  Interviews (112) were con-
ducted with representatives from firms in a wide variety of in-
dustries with emphasss primarily on the larger R&D performers in
the most R&D-igtensive industries

The consensus among members of the Response Analysis -
terview team was that reporting of data on total R&D expend-
stures by sources of support, {1 ¢ | Fuderal or company funds), and
geographic location, net sales, total employment, and R&D
scientists and engineers, was based on company records and
these data elements could be considered an accurate reflection
of company activities

Questions on scientific and techmical mformation (ST1) ex-
penditures and company research and development as indirect
costs of Fedoral contracts were found to be very difficult for
companies to answer and the data were determined to be
unreliable. These 1items were removed from the survey Also
deleted was the question on the employment of scientists and
engineers i terms of “man-years " Analysis of historical data
showed little differences between these employment data and
the average of two January totals; this finding was confirmed by
company officials.

It was learned that most companies do not maintain separate
accounts for salaries and wages for scientists and engineers and
for supporting personnel and that the estimates provided in the
survey were extremely weak Therefore, the item was simplified
to abtaip a total figure for scientists, engineers, and supporting
personnel

The breakdown of R&D expenditures by basic research, ap-
plied research, and development data was cited as one of the
more difficult items to provide and one requiring further
clanfication in the definitions and instructions. To assist
respondents in overcoming these difficulties, a number of steps
were taken. First, Census Bureau personnel offered suggestions
regarding speciiic problems. Campany officials were encour
daged to rely to a greater extent-on “infarmed estimates” when

precise data were not available: Some changes were madeto the -

survey form to emphasize the more important instructions, to
provide the opportunity tQ report that certain R&D activities
were not undertaken by the firm, and to clarify the definitions of
both net sales and “contracted-out” research and development,

P




Industry Codes for 1967-77¢

The sndustry codes appeanng in the tables are based on the
1972 Standard Industrial ¢ Lassitication SICH Manual The S
clesstscations tonindioadual companies tor 1967 74 (which were
atihized in the pubhications tor those years: were ergnally de
termined hy data reported in the 1967 T cononne (ensgses Kot

< oween 1967 and 1974 the SO code Tor g compamy, on the R&D
L osurvey generally remamed taed and retlegted that COMPANY
pUnGpal aclivity s of 1T However  under certam  oir
CUmMIatanges suehas the Merer O Hwa Of MOre C'nm;p.muw the:
drguisition of one caompany by another or the tormation of
conglomerates the 1967 SIC code 101 4 company < ould
have changed The Bureaa of the Census could not be aware of 4

- possible new SIC Codde tor g campany untl the 1976 new sample
wats drawn based upon the 1974 88 e See above dese nption
of the new sample  When the new sample was selected the m
dustry coddes of companies it both the ald and new panels were
exanuned tor posable haage For larger R&D companies which
had s itchedd induestry Codes between panels the historic al R&D
tables fe g 1968 74) have been adjusted to retlect the ¢ hange in
COMpany acbivitios As it potknown normally v a ¢ QI
changed ity industrad o tivities the duta swere adjusted i the
tollowing tashion tor Ccompanies changing mdastry, ¢ odes bet
ween 17 and 1973 the industrs 1ot tor vach of the years at
fected (1968 throaeh 19749 wers estimated to have « hanged at g
constant rate of 13 3 percent per vear Accordmgly, the data tor
the industey mwhic b sacb g« ompamy had been dlasatied in 1967
were detlated by 133 percent per voar tor vach of the years
T8 74 e g 144 percent subtracted in 1968 284 percent an
T 429 o0 1970 etc Sinuibarhy the data tor the ndustry in
Sl such company was classitied in 1974 were inflated by

Ppereent per svear tor each ot the vears 1968 74 The industry

e assigned to g company tor 1974 1y also used 1o « fassity that
COMPANy s dchivitios tor the yvears 1975 77

The tollowimnyg measures were adpusted n this manner Number
of soientints and enineess Tunds Tor research and development

total Federal and company net sales, ¢ ost per R&D screntist
and engineer and basic research expendstures These historic al
data appedr tor example 10 seledtod tables of this NS publit g
tion on research and development i industey (See tables B 3,
Bo B9 Blo B9 B34 and B46i No adustments were made
i data tor other measares

i “"Vti vy W earlertey cowdpe Srar 1R nct 0N Venify e Natwoma! Seen g
Pemnedgtum Researe b o ecelopiment o Iodovtey T8 Fumds 1975 Neientinty &
PORaNTs Lamugey 0 H RN
Fumf 19 S.ontaty 8 Eagineees Lirugn 1970 NS T2 WY W ashungtan D8 20400

R el ot Decuments S Guvernent Ponteng (e 1977 and 1474

.

L6 Revgture boand [N elagunent oo (nifustry 191

Aruitoxt provided by Eric

i

and nonmanufacturing companies included in the survey of industrial research

Table A-2, Sampling ratios used in the selection of manutacturing

and development by industry and size of company: 1977

Companies with total empiloyment of —
Industry SIC code !
1-99 100-499 | 500-999 {1000 +
Food and kindred products .. .. . . .. X .008 .080 750 1.000
Textiles and apparel ... .. .. . L 2.2 .006 Rix}) 1.000 1.000
Lumber, wood products, and furniture . . 24,25 010 100 7850 1 1.000
Paper and aflied products. . .. .. . ... 2% .008 0682 | 1.000 | 1.000
Chemicals and allied products
industrial chemicals. . . - ‘281-82 11 1.000 1.000 1.000
Drugs and medicines .. ... . . 83 .333 1.000 | 1.000 | 1.000
Other chemicals o 284-89 014 .668 1.000 | 1.000
Petroleum refining and extraction. . .. ... .. oo 23,13 .062 1.000 1.000 1.000
Rubber products . ..., o o . N .010 .200 1.000 | 1.000
Stone, clay, and glass produets ... . ... . . ... 2(° 008 200 | 1.000 | 1.000
Primary metals
Ferrous metals and products . S 331-32,33968-9 .008 142 1.000 | 1.000
Nonferrous metals and products. .. .. e 333-36 006 625 | 1.000 | 1.000
Fsbricated metal products . ... . e 34 010 200 1.000 | 1.000
Machinery. . . .. | S 35 .006 25 1 1.000 | 1.000
Office. computing, and accounting
machines ., .. ... . . . ' 357 .006 A28 | 1.000 | 1.000
Electrical equipment and communication ‘
Radio and TV receiving squipment. . . .. ' 368 083 1.000 1.000 | 1.000
Electronic components ... . ... . 367 031 1.000 | 1.000 | 1.000
Communication squipment and
communication ... ...... . . ... . . 366,48 031 1.000 | 1.000 | 1.000
Other slectrical equipment ... ... ... . .. .. 351-64,3%9 .082 < < <] 1.000 | 1.000
Motor vehicles snd motor vehicles squipment . 3 018 500 | 1.000 1 LOOO
Other transportation equipment .. ... ... ..., .. 373.75,3713 029 586 | 1.000 | 1.000
Aircraft and missiles ... .. ... . L 372,376 11 1.000 | 1.000 | 1.000
Professional and scientific instruments
Scientific snd mechanical measuting
instruments ... ....... . ... ... ... g8 200 1.000 | 1.000 | 1.000
Optical, surgical, photographic, and
other instruments ... ............. ...... 38387 .082 1.000 | 1.000 | 1.000
Other manufacturing industries .. .. ... ... ... . .. 21,27,31,3 | .W;M o082 1 oo l1ona . -
Noamanufactuting industries— .-, 7 .., . 7701 071148977 50-99
’ o ’ 41-47,48-97, s
73,807,881, | .010°! .500°
3 500 ¢ 1,000 | 1.000

t Executive Office of the Presitent, Office of Management and Budget, Stadiend Industrial Classification
Manual 1972. Washington D.C. 20402 Supt. of Documents, U.S. Government Printing Office.

* Sampling in thesa calis was 8 2-stage process, An initisl rats of % was ueed for the entice calle. The selectad
cases with TE S0 wis then subdemipled at # 1/50 rate. Those with TE 50 ware not subsampied.
'Companies in SIC’s 07-12,14-17,44,50,53,60 and 63 wers not sampied, but were hand- selected from the

plwmnuﬂu\gm‘_. . o
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industry

Yotal

Food and kindred products

Textiles and apparet

Lumber, wood products, and furniture
Paper and allied products

Chemcals and allied products

Industnal chemicals
Drugs and medicines
Qther chemicals

‘a Petroleum refining and extraction
Rubber products
Stone, clay, and glass products
Primary metals

Ferrous metals and products
Nonferrous metals and products

Fabricated metal products
Machinery

.. Oftica, computing, and sccounting
machings

.

Elactrical squipment and commumication

Radio and TV receiving equipment

Electronic components

Communication equipment and
communication

Other elactricat equipiment

Motor vehicles and motor veticies squipment
Other transportation equipment

Aircraft and missilgs .
Professionai and scientific instruments

Scantific and mechanical measuring
instruments ‘

Qptical, surgical, phatographic, and other
mstruments

- Other manufactunng industres
Fo o Neamanufactuong industnes

——

Table A-3. Standard error of estimate (percentage) of funds
for R&D performance for ail company size groups and for companies
with less than 1,000 employeses by industry: 1977

Companies with

less than 1,000
SIC code Total smployees
) 5
ot ‘20 3 59
223 6 36
24,26 3 30 X
% 3 38
28 %) 5
281 R () 6
283 & 3
284-89 1 8
29,13 - 5
K ¥ 1 1
a2 3 R
k<! 2 27
331-32,3398-9 ) 16
333.36 3 32
34 )' 2 13
®s 12
357 ] %
36.48 *) 7
365 &S 3
367 1 8
366,48 " 8
361.64,369 1 2
3n (%) bx ]
373.75.379 1 16
372,378 {*) 1
38 1 8
381-82 2 )
383.87 1 8
21,27.31,39 3 25
07-12,14-17.41 47,
48-67,737.738,
807,891 (] 17

Lo L SEECHPLON Of 1he standdnd Hrdr of SSHMale § QIVEN IR APPANGIX A under “Mathodoiogy of Sutvey " The percentage (or
selative) standard errors in this table may be converted 10 standard amors of estimate by muitiplying the percentage shown by
1" associaled estimate Fos exampis. ihe reiative standard error of estimate for R&D partorm, i
CTTGGUN v ie Tool Nnd Kindied products Industry (STC 20) is shown as 3 pdrcent, and the associaled total HiD astimate fos

s ndustry 18 shown as 5368 mithion i fable B 3, "Funds for R&D by Indusiry and Size of Company: 1877 The standard er.

oo

ror of astimate then s Q3 times X8 or 110
‘Lass than 05 percent ’
-~ BOURCE' Nabonal Science Founddation

- e

noe 1o all company size




S APPENDIX B
. Statistical Tables

in all tables of this report

T e Details may not add to totals because of
: rounding

.___° Percentages were calculated on the basis of
: thousands of dollars and may differ from those
Se-hased on the raunded figures shown.

* Percentage changes are increases unjess other~"

wise - mdzcated

rends i funds tar industeial research and

development by source of tunds 1956.77

Selected data for R&D pertorming

compantes by industy 1976 and 1977

B3 tunds for research and development by
industry and size of company 1956, 191 and
196 77

B4 Funds tor research and development by
industry and selecied company size group
1977 ‘

B Funds tor research and development by industry,
size of company, and size of R&AD
program 1977

Federal Funds for Research and Development

Bt Federal tunds for reseasch and development
by industry and size of company 1957, 193, and
1966 77
Bz Federal tunds for research and development
by industry and company size group 1977
B& Federal funds for research and development
by selected industry and agency 1963 64
and 196677

Company Funds for Research and Development

#4a Company tunds for research and
development by industry and size of company
1957, 1963, and 196677

B10  Comapany funds for research and
development by industry and selected
company size group: 1977 ,

B11  Company-financed research and
development contracted to outside
organizations by industry and selected
company size group: 1976 and 1977

812 R&D-performing companies with 1000
or more employees and numbes
contracting research and development
to outside organizations by industry
and size of company: 1977.. ... .. ... ...

813 Company research and development
performed by foreign affiliates of U S
domestic companies outside the United
States by selected industry: 1974.77

e e

ik

B-14  Company funds for R&D performance
by selected ndustry: 1977 actual and
1978 budget estimate

815 R&D-performing companies in
manufacturing and nonmanufacturning
ndustries by size of company 1977

B-16 R&D performing companies with 1,000 o:
more employees by size of company and
R&D program 1977

B8.17 R&D-performing manufacturing companies
with 5000 or more employees by industry
and percent change in R&D funds 197677

818  Percent of total, Federal, and company funds
of R&D-performing companies ranked by
size of R&D program 197277

B19  Percent of net sales and employment of
R&D-performing companies ranked by size
of R&D program 1972.77

B-20  Percent of total and federal R&D funds and
of net sales of R&D-performing companies
ranked by size of R&D program by industry.
1977 ot

B-21 R&D-pertorming companies with 1,000 or
more employees and number with | ederal
R&D funds by industry and size of
company 1977

Geographic Distribution of R&D Funds

B.22  Geographic distribution of funds for industrial
research and development 1963 and 196677
B-23  Geographic distribution of funds for industrial
research and development by source of
funds: 1977

Distribution of R&D Funds, by Major Type of Cost

: B:24  Distribution of R&D costs by industry and

type of cost: 1977 ) .
B-25  Distribution of R&D'costs by industry and
type of cost: 1976

Employment of R&D Scientists and Engineers

B-26  Full-timeequivalent number of R&D

scientists and engineers by industry and size
of company: January 1957, }anuaw 1963, and , ek
January 196678 Co - Ae

1‘.’-8
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B2

I

R&D |

5 19

130

(LS

full e egunaleat number of K81

seentints aned enginesrs by andustoy and sogree
of KAL) tunds Januany 1977 and

fanuary 1978

R&D vomntintsy and engimneers greee 1 (0
emplovees Dy industny and vize of Company
T Yl and e 0

unds Related to Employment and Net Sales

Condt per RXD sOenting or emineer by

sty and size ot campany 197 1964

aiud T4 T

Caont pr K& wonantiee o et by
sty g seled ted Company vize group
farT ’

Cost per R&EDY saentint or engimesr i
compuames ranked by vize of R&RD program
tur) e

Patal emplovment of R&D pertorminyg
connpaanies By odustny and sife ot

1970 andd 197~

Total und company K& tunds per employee
HEL T

St vaies of R&D pettoroung manutactunng

O LAY
Dy sisec ot Connpagm,

companes by indostry i seted ted
Contipiaity sz groggy 19T god 1877

RED) tands as o percent of net sglos in R&D
FHATTONTN Gt TUringg ¢« NTIELITHES by
wrdentry and vize of ompany Y457 1964
andd 1o 77

oty RED tunds as penoent al et

sades s RSD) gaertonmunyg manutas tuning
compames by adustoy and size of

comgaay 1T 190 and TG T

RRDY tunds as o percent of net sales i R&D
PrertorinnNy Manutac tunnyg Companies
tanked by size ot R&D) program by industry
e

LA ARiati e w mte s reamt et A et cAmAf ASW ALF SRS o

ah e admaa e samae e IR

B3 Company R&D tunds av percent of net sales 847 tunds for industnal basic research by
N R& D pertorming manutactutmg compames field of suience 1967.77
ranked by size of net sales by mdustry 1977 .48 Funds tot basic research by industry and
field of yaience 1977
849  R&D pertorming companies with 5000 or
more employees and numbér of companies
Fnergy and Pollution Abatement R&D pertorming basic research by industry
1977 .
850 ° funds for apphed resedrch and development
B39 Eapenditures tor energy fesearch and by product field 1963 and 196677
development by selected mdustry and B51  Funds tor apphied research and development
wource of tunds 1976 78 by product field and source of tunds 1977
B30 Industnal expenditures tor energy B-52  tunds tor applied research and development
research and development by primary by industry and product field 71977 ‘
cuergy source and source of tunds B33 tunds for applied research and development
1078 by industry and product field 1976
341 bapenditures tor pollution abatement B4 Funds tor applied research and
research and development by industny and development by industry and secondary
source of tunds 1976-78 product field 1977
842 Industrial expendrtures tor pollution 855  Funds for apphed research and
abatement research and development development by industry and secondary
by tvpe of pollution and source product tield 1976
ot tunds 1976 78
FERDC's
Funds for Research and Funds for Development
3-56 Industry adnmunistered federaily funded
research and development centers —
143 Punds Tor basic research, apphied research, tunds by chdracter of work and
and development 145377 composition of work force
B44  Funds tor bas research, applied research,
and development by industry and seledted
COMpAany size group 1976 and 1977
4% tunds tor basic research, applied research,
and development, by industry, source of
tunds, and selected company size group
1977
B4e Funds tor hasic research by industry and
site of company 1957, 1963, and _
1960 77 T "
g
- /
: 8n
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P . . - - [ER T ————— e e e e - ————— ﬁ—"————mj[_‘
tndustry amd size of campany SiC coaw T 195886 © 1963 1966 1967 1968 1969 1970 1979 1972 1973 1874 19786 197§ 1877
— o« - C e e - _ + - e i o 4+ —_—— e 15., v e s e _— e . < R e AR PR S SN UG a—" 5 ——
Totad ... Do . | S6.805 | $12.630 | $15,548 516,385  $17,429 | $15,308 | $18,062 | $18,311| $19.539 | $21 233 {$22,867 | $24,164 | $26.938 | $29 907
3 : - B B e T T T T T St e B e =
Distribution by industry i ? ]
i
Food and Kindred praducts .. .., . . ... . i 20 3 64 130 164 183 184 199 22% 231 248 253 278 312 329 368
Textdes and epparet .. ... .. ! 2223 | ) 30 51 57 58 60 58 59 61 64 69 70 82 81
Lumber, wood proctucts, and turniture. .. . . . i 24 2% i ' 11 12 12 20 18 82 53 64 71 84 88 107 127
Paper and altied products | 26 36 69 117 128 144 188 178 187 189 194 237 249 313 340
" Chamicals nd ailied products : 28 J 641 12381 1407/ 1507 1689 | 1660 1,773| 1,832] 1,932| 2116 ! 2450 2,727 | 3.0v7] 3,267
s . I P S [ S N . PR G
Industoial chemals L ' 281 82 { 460 T 809 918 966 9865 974 980 42 941 989 1.127 1,200 1.323 1,460
Orugs and meticines ., . ; 283 E 94 2186 308 - 343 398 444 485 549 607 698 807 981 1,091 1,163
Othar chamacads ¢, ., ... .. ... ! 28489 | 87 214 181 198 226 242 308 341 as4 419 516 545 602 654

! b - : R R St IR S T s st RS SNSRI & e arar - ——— ——

‘ Petroleum refining and extraction. ., , ., .. ... i 29,13 182 317 374 371 437 467 515 505 468 498 622 693 767 913
Rublier products . . e : 30 ' 156 168 182 223 261 276 289 377 426 469 467 502 586
Stone, ciay and glass products ; 32 ‘60 100 117 136 142 159 167 164 183 199 217 233 263 293
Promary metais ... ' 33 : 90 183 232 242 251 K7 27% 272 277 307 358 4423 508 526

b , i | S P SV A S .
Ferrous matais and products’ . L, L, {331 32,3398,3399 th 106 139 135 35 136 149 144 146 163 181 218 256 ‘259
Nonfarrous metais and produces’ .. .. . L 333-36 ") 77 93 107 116 121 | 12 128 130 ?45« 177 228 250 267
o 1t - — - - :t T Y F(-'.' LT 7.1 Pl ':'::".il.'_;«;_ """ —_—— _’__T,_':: = il oy . s —— Al
Fabricatet metal products ... .. ! 34 116 183 154 163 183 182 207 242 253 291 313 324 388 389
Machinery . ! 35 543 988, 1.217] 1326 1.483| 1,546] 17290 1,860! 2,158] 2,549 2985 3,196 | 3.487| 3970
b > 4. c SEE SR S SR S —_
Oftica. computing, ang | T !
sccounting machines . ., j a7 'y (R Y *) ) ) Y ) 1,456 1,733 ¢! 2,103| 2220 2402 2.758
| PRI S iR RPN A St LS SN SE SR B <l et T A it <ot =
Electrical squipment and commaunie ation : 36 48 1516 T 2.8686 3_5261 3867 4 083 4,348 4,220 4,389 4,680 4,802 5,011 5,108 6,636 5,062
M [ . PO Y Q—— - B I LTI U W - —— -
Rat10 and TV -« wving aquipman: | 365 %) ' 47 45 55 57 70 64 48 49 51 50 52 58
tisctronic com o ents . ... .. I 367 330 406 489 549 691 761
! ( ) 1.773| 2249, 2425( 2520; 2671 2604] 2739 '
Canmununication equipment i .
and communiration ..., ..., ., | 366 48 ‘ 2,583 - 813 2424 2,386 251 2,798
Othes slecisical equupmant ., ., .., ., 361-64,369 ) 1,093 1,33 $.387 1,508 1,620 1,546 1,586 1,719 1,834 2,087 2,129 2,382 2345
. SNl o '1L R o r AR N S SLT NSRRI R, 3 7:::(«‘.‘..;‘.’_‘_‘Jt':ff‘:u;:l?.f g o —_— = e il S L
Mator vahicles and motor vahicles ' ‘
squipment. L, L 371 ( f 1.964 2,405 2,389 2,340 2,778 3,302
" 688 1,000 1,344 1,364 1,499 1,566 1,591 1,768 | «
Qther transportation equigment . . .., . ., . ! 373 75,319 ’ { 56 72 87 S0 894 117
Arcraft and vvssries . 372376 2,138 4,712 5,526 5,669 6,765 5,882 5,219 4,881 43950 5,052 5,278 §,713 1 6,339 7.078
Professioral and scientific astrumants 38 200 284 468 542 663 742 744 746 838 S61 1,076 1,73 1,288 1,406
S T Y ST S — e e et SECUNSEESSEY S
Scie e and mechanical " ) .
massunIng INsTuments L, L, ,,, 381482 97 70 87 104 118 123 131 133 163 186 221 266 325 375
- Qptical, turgical, photograpnic
and other instruments ., ..., ,,... 38387 103 214 381 4238 545 619 613 612 675 778 854 807 974 1,030
S . IR T T e T eSS PR - Sl e Lt el 3 ekt S B P SR T
Other manufecturing ndustries .. . ., . . 21,27,31.39 ") 54 77 [0 101 164 128 131 146 168 177 205 2%7 245
Nonmanutacturing industries . ,..,...... . 0712,14-17 4147, .
967,137,739,
807 891 | ") 276 497 559 603 655 7086 704 07 7156 768 7356 845 850
tribution by sire of company *
on number of empioyees) .,
n s o0, ..., L 369 619 621 687 (1) (1 S04 884 929 949 1,088 1222 1,384 1,448
899 ,, e vee P Ao . ¢ 5§50 1.022 1,043 3,042 (§3 - €43 1233 1,198 1,218 1,248 ¥.370 1,388 1,500 1879
MW . . . (‘ 793 892 860 1,033 1,096 1,170 1,076 1,168 1,348 1.478 1.648 1829
10000024999 .. .. .. e e 15 686 10,989 { 2,169 2,238 2,418 2,633 2874 3,286
25,000 or moe e e e e e e . ’ 13,092 | 13,790 14,780 15,436 | 14830 15,063 i 14,160 15641 16677 17,4468 19533 21685

Tabie B-3.

.

{Qotlars in mytlions)

Funds for research and development by industry and size of company: 1956, 1963, and 1966-77

*ﬂot Wparsialy avallabie dut included in total
Hstrmated by the Nations! Science Foundalion

TSIC codes 1308 and A3 snciuced i 1he nonterrous matals and products group for 1958 1o 1985

e et —————— e e —

——— e e

‘Data not taduisted st this level prior to 1972
‘included in the othar electiical equipment group.

SOURCE: National smm__Fgugdg_:_ion
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Table B-6. Federal funds for research and development by industry and size of company: 1957, 1963, and 1868-77
{Dottars 10 mulions) ' .
- industry and size af company J 51C code 1957 1863 1866 1867 1868 1969 | 1970 1971 1972 1973 1974 1975 1976 1977
L m—— o4 . . S e e e —t PSS W
. Total .. .... e e e } PR $4,336 | $7,270 | $8,332 | $9365 | $8560 | $8461 ] $7,779 | $7666 | $8,017 | $8,145 | $8220 | $8605 | $9,561 | $10,645
‘ Dustribution by mindustry r: : ‘t,‘
Food and kindred products ... L. L ... ; 20 H 4 3 2 2 1 3 2 1 1 1 ) ) &)
. Textilos arct apparel . ... ...l 2223 ) ) H () &) ) ) 1 1 1 ) ¢) ) )
Lumber, wood products, and furniture , . . . . 2425 M ) 0 ) 0 0 0 ) ) i ) 0 0 0
: Paper and allied products .. ........... . 26 (3 0 ) %) %) %) ) * 2 ) ) ¢ *) )
K Chamicals and slhed prostucts ... ... .. ... : 28 89 234 188 210 1898 192 180 184 189 203 214 236 266 294
. ) U —
. Industrial cherucals . ... . ..... ..., ] 28182 80 146 158 181 172 165 158 159 ‘171 184 195 2148 249 278
Drugs and medicines .. ........... | 283 ) 9 <) ) ) &) ¢) ) () <) ) (3 ) )
Other chemcals . ... . ...occovonn. L 284 89 9 79 (B H H ) ) *H ) t*) ) H ( )45 )
} b e e i = ooy — e m =
Patroteum retining and extraction .. ... .. 29,13 11 21 18 16 34 10 22 17 1S 14 20 &) 02 74
Rubbar products . ............... . | 30 37 46 19 22 a7 65 71 69 123 146 (") ) ) )
Stone, clay, and giass products . .. ... ... .. ; 32 (2) 3t 3 2 3 1 11 10 14 15 14 &) ) )
. Prionery MetaIs . ... ... I 33 s 10 8 8 9 10 10 6 12 11 8 21 26 25
Ferrous msetals and products® |, ... :I_—ZKH .32,3398.3399 1 2 3 1 1 I 2 1 2 3 4 ¢y 3 4 5
Nonferrous metais and groducts® .. . | 33336 4 8 5 6 8 9 9 4 10 7 H 17 22 20
. DU SR S Sy SN — ==
- Fabricated matal products . ............. | 34 as 24 17 13 18 8 7 11 12 13 18 27 36 45
Machinery . . ... .. ... . ... . e e ]’_ 35 272 250 286 322 340 260 262 315 401 429 5119 509 532 577
- e - —- ¢ ammem ...__f P [ SR W
Otftice, computing, and i !
ACCOUNtIng MAachings . . ., .. ..... : 352 (% (" ! (&8} (%) H (" (% ") Y ) &) 486 509 546
" F;;: DT N R D TR LT ==z 'A—;_i L e EELRY St *ﬂl———— =t - -
Electsical aquipment and communication . .. 36,48 1,196 1,848 1 2,201 2.296 2,333 | 2,396 2,211 2,258 2,367 2,410 2,307 2,307 2,658 2,696
: RmhoandﬁvyrocmvmgnQunpmm... w’r 365 (%) (") ! &) RS (') ) &) &) () ) ) ) 0 0
_» E19CTrONK COMPONeNts . . . ... ... .. : 367 ! 125 146 184 ) H )
; 1 518 | 1,209 1,428 1,495 1,526 1,557 1,420 1,479 '
; Communication equipmant l i '
. and commumnication ... ... 1 166,48 1417 L 1,362 4,137 1,087 $1.083 1,206
Other slacirical equipment ... ... .. ! 36164,369 678 640 ) & H (| *H ¢ ) H 9 H ) )
S - - o oo ttoeil Simlletnale..nlle watetl e et = = A=
Matar vehicies st motaor [
vahiclos @QuIRMIENT ... L L .. | an l 293 386 288 318 383 414
180 291 344 360 374 290 314 309 i
Other transportation equipment . . ... .., .. 373.75,379 i 26 39 a7 a7 ') @)
Agrcratt and mussiles . ... .. ... .. L., 372,376 2275 4,261 4,724 4,531 4,533 4 524 4,005 3,864 3,970 | 3,889 4,003 4,434 & 330 §,486
hofessional and screntific instruments L. ., . ' 38 109 81 145 189 234 237 194 164 161 160 164 166 156 166
t
SN S y . e
Scientific and mechanicat !
MeSSUT NG INSTrUMents ... .. ... 381,82 80 16 22 37 35 32 20 14 13 11 ? 9 8 10
Optical, surgcal, photograohic, and i ! '
othel instruments . . ... ......., 38387 29 65 123 162 199 206 174 150 148 149 157 157 148 146
T T L T LT e ~ et eme - B S LU o e T —_— —_— e
- s Lt mr e ity N m P—— Lo —
Other manutacturing industres’ ... ... .. 21,27,31,39 74 3 | H H H & ) ) * H * 7 . 8 5
NONMANLIACIUTING INAULITIEY o oeves e SRR i } 190 | a7 | 387 | 431 | 448 | as0| 452 431, 416| 483 | 310 | 375 | a3
- 739,807,891 .
. ::;;:r: B I e e = e e P = Eot TP SR —x$ -
Distributian by size of company
{basex! on number of employees}
oo bR DN 00U L i i 187 194 234 228 () ) 355 318 326 y 307 3857 273 299 4 328 -
; 100004999 ... L. b : 7228 425 386 351 (M ) 412 367 372 387 378 253 270 315 '
_— 5000109999 . ..., [ T L L 182 251 99 267 21 214 186 187 230 287 313 388
ST 10000t 24999 ... ... ... .... D '3942 | 6651 ' 619 £05 430 370 548 43 o
265 000 OF MOF® L. 0o ve s [ f 7630 | 7536 | 7662 | 7525 | 6801 | 6,766 |) 6514 | 6789 | 68156 | 7423 | 8130 ! 887N
‘Lars than §3.8 mution - < *Dats not tabuinted at this tevel prior to 1972, : C
NG separately svaHshie but inciuded 1 total. *included in 1he Othar siecincal equipment group. _
o 1087 (exting and spparel and lumber, wead products, and fueniture are included in nonmanufacturing industriaes. 'Estimatad by {he Nationd! Science Foundation. N
*8IC codes 1398 and 3399 included in the nonfsrous melals and products group for 1967 1o 1985, - SQURCE: Nationat ngcncc Foundation ‘ 5
\) RN el e e e e e e g e e e —Aeaee o e e oo e et e mom o s mmm At om =t = g e m mm i A A et e i e 2 . e a1 St e 4 e e A et e . e
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‘ " Table B-9. Company funds for research and development by industry and size of company: 1957, 1863, and 1886-77" .
1 |DoHars in miiions v
e S — ; ————— ‘ _ R
Industry and siza of company S1C code 1997 1963 1966 1967 1968 1969 1970 1o 1972 1973 1974 1875 1976 1977
—— - R T WIS SR S [ S .
. — 4
‘ TJotal ... L. S S, $ 3396 |$ 536035 7216 |$ 8020 (¢ 8869 ¢ 9.857 | $10.283 /$10,645 | $11,522 [ $13,088 | $14,647 $15,559 {$17377 | $19,362
b~ o — - - S S
. — - — § + A
L. Oistribution by industry s
Food and Kindred products ... . ... ... ... 20 74 () 161 181 182 198 222 230 246 252 277 (:) H (:)
Textiles ardd apparst ... ... ... ... .. .. 22.23 14 28 N () N () () 59 61 63 (* ?) 6} ')
Lumber, wood products, andg furnityre . . . 24 .25 t4 H 12 12 20|, i8 52 &) % (l) &) a8 106 127
Papsr and allisd products . .. .. ... .. .. 26 3as 69 (N 123 M 3 * &) 188 &) * &) ) )
«Chamicais and athed products. ., ., ... ... 28 616 1,004 1.219 1,297 1,389 1.468 1,583 1.639 1,741 1897 2,217 2,490 2,781 28973
< e e e e 1#-~~—«---———1P -—— —
Industral chemucals ., ... 28182 423 662 760 785 794 809 822 783 770 816 933 882 1,074 1.182
Drugs and medicwes, . ..., .. .. 283 104 207 ) ) * N (*H (? ) *) () ) ) )
Other chanucals ... ......... .. 284 89 89! 13s NG & (*) M *) (Y (Y (%) {H (%) ) )
b= e e N A—— - et — _—
Petrolaum refining and extractan ., ., . o 29,13 .200 296 353 3585 403 457 493 488 454 485 603 (:) 715 839 -
Rubber products ..., . . .. . . . .. . .| 30 70 111 149 160 186 196 205 221 .255 280 ") ) % (:)
Stone, clay, and glass products . .. .. ., ... 32 ") 97 114 134 139 158 156 153 168 184 203 ) Y )
Primary metais ... ... ... ... .. .. 33 1Q3 174 224 234 241 247 265 266 264 297 350 422 481 501
Ferrous metals and products *. . ., . 337.32,3398,3359 I 63 1086 136 134 134 136 148 142 144 159 ( :) 211 252 254
Nonfarrous metais and products | | . . # 333.36 40 69 88 100 108 112 117 124 121 138 (’) 211 229 247
Fabricated mwtal products .., ., ., ... e 34 Y 129 137 151 165 174 201 230 243 279 299 297 322 344
- Machnery .. 35 ) 397 709 931 1,004 1,142 1,286 1,469 1,545 1,758 2,120 2473 2 687 2955 3,393
Ctfice, camputing, and :
accounting Machines .. .. .. 357 Y () *) (Y (*) (Y *) Y % ) &) 1,734 1,893 2,212
. Ellc"u:‘al &QuIpMENt andg commumnication , | | 36,48 608 1.017 1,426 1,571 1.749 1,957 2 008 2,13% 2,313 2,491 2,704 2,798 3.081 3,256
Radio and TV receiving equigment | | 365 % (%) () H M (?) (H &) (H () *) 49 52 58
Electronic «nmponents ., .., ... ... 367 206 260 306 (" (%) )
L . 2306 564 EAA 930 983 1,113 1,183 1,262 v
Communicatian equipmant
and cammunicatian L, L. ... .. .. 366,48 ’ 1,165 1,251 1,287 1,328 1.418 1,591
Other sectrical equipment ., . .., . ... 36164369 378 453 (%) %) &) H S &) () &) " &) *3 ) .
e i .
Motor vehicies arnd motor ‘
vehilles equipment . ... .., ..... 371 ( 1,662 2,020 2,10% 2,022 2,398 2 888
. S 517 799 1.000 994 | 1,124 1,278 1,278 1,451
Other trarspartation squipment . .., ..., 373.75.379 ’ 29 33 40 43 *) H
Asrcratt and mussdes .. ... .. . 372,376 299 452 802 1,138 1,230 1,354 1,213 1,017 878 1.154 1,276 1,279 1,409 1,582
Professional and scientific instrumaents | o 38 . 140 202 323 383 429 505 550 583 678 301 811 1,007 1,144 1,249
Scientific and mechanicsl .‘ :
MEASUTING INstrumeants |, ., ., ... 381 82 59 83 | . 65 67 83 91 111 120 151 176 214 257 318 355
Qpuical, surgial, photographic, :
+ Aand othar instruments, . ..., .,.... 383 87 81 149 . 258 286 346 414 439 463 527 626 697 750 | ' 826 884
. ——— e —
Other manutacturing industries ... ... .. .. 21,27,31,39 19 52 " 88 H H Y " 4 &) M 198 212 23y
Nonmanutacturing industres . ... . .. reee. 1 07:12,14.17,41.47,
4967,737, C
739,807 891 H 88§ 130 172 172 207 228 252 277 289 308 425 471 514 ’
Dustribution by size of company ‘ R,
on number of amployees) 1 ) , : R RaniE RTINS SRNERRTERNS S I A
Lass than 1,000, ............ . B B S ars 425 387 459 H (Hi "540 565 03 633 1 49 1,085 1,120 .
100004999 ... ... ‘406 596 §57 666 (*) ()| 8 828 43 833 2| 133 . 1,231] 1,364 -
- K Q.QWIQS.QW ....... TP S teaaae et 611 . 642 6614 7786 ase 956 880 981 1,111 1,180 1,334 1,441
TTTTTTYO000 1024999 ... L L. L. D T 1.540 1,731 1988 | 2,282 4325 286833 . .=
. ) . bltas15| 4338 . v
e 80000 MO L L . 5,581 6,254 7,118 78909 8,038 8,297 7 .646 8,852 8,862 10,023 11,603 | 12814
. . L ] “_ e
‘See tabie 1, footnote 1 tincluded in the other eiectricat equipment group. R
‘Not saparately avadabie but inciuded in totsl, o *Estimated by the Nationg! Sclence Foundation. - .=
1SIC codes 3296 $nd 3308 Includad in the nonfarrcus medals and products group for 1957- 19458, SOURCE: National Sciente Foundation o
Vats Aot tabulatext at this level prior to 1972 -
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Ta
g Table B-26. Full- iime-equiva!ent number of R&D scientists and engineers by industry and size of company: 1957, 1983, and 196678
" Hn thousdrnds |
. B . ses— oy R @ emtim n L g A mtmmm e cmm e et eiae e ten - - o e e — — o e
— ! . ' - January
. , ] ; r ; Caig e e ey _.,‘.,,_“. iy R .
, Inctustry arngt sice of L Qmprany SIC code 14857 0 1963 1966 1967 * 1968 . 1969 | 197G 1971 1972 !973 1974 1975 1976 1877 1978
f . ? - .- . - - - - e e m B e I e, L P UGS W -
Tote ., ... L. e C e ceel 2294 1 3273 3932 | 3672 | 376.7 387.1 —T 384 1 366.8 3439 357.3 3596 3628 364.3 3824 400.1
. X t 3 1 '@ -1 SRR FETEEE AT 4:_-_. e Rt R T % por=
Distribution by industry ‘ ; : : i
‘ ‘ ; . ; |
Food and kindred prossacts L L 20 3.8 5.1 6.2 | 6.1 ! 6.3 ‘6.2 } 6.2 i 6.4 6.2 6.2 6.0 6.3 6.5 6.5 6.7
, Texties and apparst L L 2223 7 1.0 1.4 ] 1.9 2.5 26 | 2.9 1.8 1.8 1.8 1.8 1.8 1.8 1.7 1.7
Lurrtrer, wood pragucts, and turmiture . 24 2% 8 i 5 6 ; 5 i 5 1.0 ; 1.2 1.8 1.8 1.9 2.1 23 2.1 2.1 22
Paper andt alhed products . L L. 26 1.5 | 2.5 4.3 | Q.7 4.8 48 | 5.0 5.0 4.9 4.9 4.9 5.0 8.2 6.3 86 g
Charmscats amd athed produdts .. ... .. ... 28 294 @ 383 | 38.0 w’ 36.9 389 40.0 { 40.7 | ]2.7 41.0 409~ 418 45.2 44 .4 46 .4 48.3
- + ; ’ + *'._. _T - . S e [ N e e B R
industrial chemncats . ., L 28182 . 1BO | 229 ; 23.3 1 2n7 22.3 219 | 207 20.65 17.6 17 168.5 18.0 169 173 18.0
Orugs and meticmes ., . .. L 283 ¢ 4,7 6.9 | 15 8.7 | 9.8 10.2 } 11.8 12.3 131 13.0 14.0 15.6 16.6 178 18,7
Qrhar chemcals . L . 284 89 | 6.7 85 | 7.2 6.5 | 68 7.9 | 7.6 a8 10.3 108 113 11.6 11.0 113 11.6
e - . PR .:)&._d: BN ‘:-"_'.__ - #_’!77‘ i‘.‘L"‘L.‘?.‘_T‘..:T._.".'::'jT i oA maliise vt S s el it Rl = .l -
Petroieun redining ana extraction, ., .. .. 2913 69 ' 88 | 89 ! 87 | 92 10.0 9.9 9.2 8.3 8.2 8.2 8.4 8.6 89 | 98
Rubsber products ... ..., . . e 36, 47 0 58 ] 57 | &8 | -6 66 | 7.4 6.7 6.7 7.5 7.7 8.4 8.6 81 |- 95
! Stong, clay, and glass products ... ... ... 320 'y a8 0 31 | 33 | 4.1 42 | 46 4.3 4.1 42 4.5 45 4.6 4.5 48
Prrienary metats ., ., ... e 34 . 5.1 5.2 85 5.9 5.9 6.3 | 6.5 6.6 } 6.4 6.0 6.4 6.3 8.1 8.4 " 84
- + - ) R ?_* - T - R ——— AT.‘ e A’ &
- berrouy tmetals and prodacts L. ... 341-32 1398,3399 \[ 249 1 ‘2.9. f 3.2 : 3.3 1 3.1 3.2 : 3.2 3.4 1 3.4 3.2 3.3 3.3 38 39 38
Nonfarcous matals amd (rodacts . . 33336 | 22 23 | 2.3 i 2.5 2,7 | 3 | 3.3 3.2 3.0 2.8 3.1 3.0 4.2 45 4.6
58 X T.,.‘.‘* .- (T_‘___*::_'::*;.;,frr:—T e e B R F—r = s S
Fabiratad metal groducts .. ... .. ... .., 34 i 84 | 68 | 6.3 ! 6,3 H.6 6.6 59 7.1 6.6 6.7 7.3 7.4 6.8 7.1 72
Machmery .. L, L " 35 249 ¢ 114 ¢ 3058 \ 336 37.4 l 398 . 423 42,7 43.7 46.3 571.0 52.8 55,7 55.3 58.0
. . . t oo +_ - e e —f—— TA, — et .
Ottice, Computing, and i : | ! f !
Heounung machines, ... ... . 57 Y P Yy ] Y 4(‘) th I# (') ) ") 30.1 34.5 36.1 - 38.1 37.7 avs
’ [ EY R T R 4-‘:..-‘&«:.—.-.« R T NECSIE t b e - e — ——
Hloctrn al equipment and cammunicgtion | | 5648 1 429 | 85.8 Y20 | 986 T 98 4 100.4 I 1006 ! 91.8 836 854 82.6 826 80.3 84.1 85.4
IS + B ¢ Lot ,. . 4'... b - - e e i RatEIRTE ! S B R - S _T o—
Ratio ard TV recenving equipmant 365 r ) S oy ! g . 1.0 1.2 T 1.9 2.4 2.1 1.4~1 1.3 1.0 1.1 9 ¥
Blewtromic camponents ... ... ., , . 367 ( ‘ ! ! : i \ 9.4 9.6 10.6 10.2 13.0 14,1
i , 19,2 | b5.% 62.3 | 66.7 67.4 66.3 | 648 60.3 53.2
Comununieation gquoapmeant and . } s \ ' 1 | i }
commuuncatan . ... P 366 48 ; ! ‘ | 453 ' 42.0 40.2 374 38.0 398
. Oher lectrn dl aguipiment .. L, 36164,369 | 23,7 . 30.7 ¢ 287 . 310 - 30.0 329 | 339 291 28.3 29.3 29,7 30.8 316 322 .30.7
. ——.— - . PR -# _— o ‘?;.._.4--—-—-—_ - T‘:-ﬂ PR EySlicr. ~arly e St Mk —— — A‘t’ }A;m"—. — -
Motar vt s ard motar vehicles: ‘ ! ! T f N
qQquRment L, L 371 ;‘ } E ! § T !
[ ! . 13.6 | 211 I 248 J’ 252 263 | 252 | 255 j 28.2 29,7 < 28,2 27 .4 26.0 25,4 28.2 30.3
Dther transportation egquipmant . L 373 75,379 ;’ ! ! : 1.7 1.8 1.9 1.7 1.8 2.1
Asrcratt and oussides i 372,376 ' 58.7 | 90.7 [ 893 ; 10048 101.3 98,7 92.2 Q 782 708 721 70.6 67.6 66.9 72.0 77.4
Professonal and scientitic instruments | ., : 38 102 94 | 125 | 130 14.1 82 | 180 ' 151 16.2 16.3 17.5 17.9 188 201 21.8
. ;’ P . - ...#.. B B R e e ~-‘* s e e
' SCientihic and mechanical maeasurning | | ‘;T !
nSteaEnts L wIZ2 ] s8 | 38 ! 38 | 28 3.8 | 4.1 a1 45 4.7 5.3 5.6 5.9 6.7 7.2 7.8
Vit al, surgieal, photographie, ; . ! : i i i -
Aand other instruments . ... ... ., 38387 1 4.4 8.5 8.7 | 9.4 10.3 11.% 109 10.5 10.5 11.0 11.9 12.0 1214 129 13.7
. F‘ - e * . 7\#‘ o ____# ey M,é.fl.;,..:_:__,? —_-4F'—-~“—'“‘5%‘F'£’f“ .. e —aene - ' L.
Other Mmanutactunng industres . ........ : 21.27.31.39 | ‘ 2.8 2.3 j 220 24 2.8 2.6 a8 36 36 a7 3.7 4.2 45 4.2
. “Nonmanutslturing industrias .. . . . e | 07121417, 1 178 i< i . ‘
3‘ | a1e74967, | ] L : B AR RS S AU S
(. : : 1 737,739,807 891 | 82 | 17 ¢ A ST OTEY 8.3 1 e ! 1s7 16.3 14.4 14.9 14.6 15.3 159 -
¢ i F‘LL_::_._;; :,;;'.-.;;:"_'_?:;. BRI <Pttty St ooty + ¢ oo C e .
Distributian by size of company ; { i ;
ihasedd an numbier af employews) I | f
e than $.000. .. o | as8 | a4 30.0 1 27.4 272 ) ¢*) 28.2 28.4 29.0 28.0 30. 302 31.1 31.3
1000049899 .. . ... L., [ Cee 22.4 350 | 30,1 ! 305 29.9 ) *) 31.8 30.8 288 28.8 209 29.3 28.9 30.3 ot
CTRIE - Ko ¢ 2§ T - L U R , h’ ! ‘ 240 246 2486 285 287 284 27.0 6.4 27.4 By 8.6 307 7
10,000 10 24999 ... .. S I 162.2 | 258.2 | 293 45.1 45.9 47.4 60.6 49.3 §1.5
25,000 0r MOMM . ... R f ; l285.3 | 2050 | 3073 | 2991 | 2781 | 262.4 32273 | 2305 | 2280 | 2281 | 2445 | 256.3
- - - - I F U (VR S, «.«J,_ FRPRINV WSS -
Uwta nciuded /i the siner manofactunag in Tustries group “Inciuded m Ihe othei sisctrical equipment group. ) e
K codos 3398 and 3399 inciuded 10 the nantferrous matals. and products group mf danuary 1957 to January 1066 'Not separalely available but incruded in total o
Vata "ot rabutated at this levsl pray 10 1972 1973 SOURCE. Nationa! Science Foundation . ’
S YUUN .. s R
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“ Tabie B-35. R&D funds as percent of net sales in R&D- -performing manufdcturing companies
by industry and size of company: 1957, 1963, and 1966-77
' 'ﬂdul"\l and size of gamsnnv SI1C codie 1967 1963 1966 18967 1968 1969 1970 1971% 1972 1973 1974 1976 1976 1977
Yotal ... ., ., . ..., P e e | 3.4 4.5 {2 4,2 4.0 4.0 3.7 3.5 3.4 3.3 3.1 3.1 3.1 3.1
¢
- Lmlﬁ_._ml e —_— —_—
Distribution by industry
Food and kindred products . .. R 20 .3 4 4 5 .5 4 .5 .5 A 4 K -4 -4 4
Textiles and apparat .. . ., .. . .. 2223 ) 5 .5 BN 5 6 5 K-} A 4 K] A 4 4
Lumbaer ‘'wood products, and furniture . . | . . 24 25 (') 5 Y ) 3 4 A 8 7 8 .7 8 7 7 ]
FPaper end allid products , ., .. ... .., 26 8 8 9 8 5} 1.0 .9 8 B8 7 8 9 1.0 9
Chemicals and ailwd products. . ... ., 28 3.5 43 4.4 4.8 38 39 3.9 3.7 3.6 35 38 3.7 3.7 3.6
Il . mma p—— e —
Industrial chervacals | | e e 28182 - 5.0 5.1 46 4.8 4.0 4.0 4.1 38 3.7 34 | 32 3.5 36 3.6
“ Drugs and mesicmnms ..., ., .. 280 3.6 ].7 7.3 8.0 6.0 6.0 6.7 6.2, 6.5 65 6.3 6.4 6.3 6.2
Other cherscais . ., .., .. ... .. . 284 89 1.3 28 2.2 23 2.1 2.1 1.9 19 2.1 20 2.1 2.2 2.1 2.1
| Sttt sl el et ———tt .y
Patroleum rafining and extraction . ., ... 2913 .2 1.0 89 8 .8 8 1.0 9 8 7 S .2 .6 7
Rubber profucts .. . . .. e e 30 1.7 23 1.9 19 2.1 2.2 2.3 2.2 26 26 25 25 2.4 2.4
Stone, clay, ardt glass pro fucts . . ... 32 1) 1.6 1.5 1.8 1.6 1.7 1.8 1.8 1.7 1.7 1.7 1.2 1.2 1.2
Primary matals . ... . P .13 .5 8 7 .8 8 8 8 8 7 7 8 .8 8 B
Ferrous metsts ana progacts' ... | 331.32 33983399 ) .7 7 8 7 Y/ 7 7 6 5 5 ] 6 £
Nonterrous mutaly and proaucts’', . . | 33336 " 1.1 8 1.0 1.0 1.0 1.9 1.0 9 9 1.0 1.2 1.2 1.1
- . —————————
Fabricated maetat products . . . .. I A 34 1.6 1.6 1.3 1.3 1.3 1.2 1.2 1.2 1.1 1.2 1 ¢ 1.2 1.2 12
Machinery .. ... ... ... o 35 34 4.2 a8 4.2 4.0 38 4.0 4.0 4 46 4 48 49 5.0
t Off.ce computing, ar v saccounting
: machies L 357 9 B! A R “ Y S Y 1.9 116 12.6 12.0 11.6 e
tlactrical aquipment and communication | |, | V 36 .48 76 10 85 8.6 84 7.9 7.3 7.2 7.1 6.9 0.6 656 6.7 6.3
“ L -
Hadio and TV recaiving eguipmens 365 (% % 20 1.9 2.2 22 2.7 2.4 1.6 1.7 1.7 1.4 1.4 1.3
Lisctronic components ..., ., .. 367 . 59 6.2 6.2 6.9 7.3 7.0
Communicstion egu nmaent ‘ 'y 13.0 10.3 103 109 - 8.7 8.2 8.2 -
and communicatr L . 366 48 . 8.7 8.1 76 76 7.6 7.6
, - Other siectrical equipment . ., . . 361 464,369 () 7.3 ‘.3 7.3 6.8 8.6 6.6 6.4 6.3 6.3 6.3 6.0 6.3 5.6
L . —_—— .
Motor vehwins and motor
vahicles equipmaent .., L, 374 { . { 3.3 35 3.7 35 3.2 3n
2.9 34 3.2 3.4 3.1 3.1 3.5 30
Qther transpartation squipment . . ., . ... .. 37375 379 , ] 1.0 T 1.3 1.3 1.3 1.5
Asrcratt and russddes |, , ... 372,378 16.8 26.7 23.7 19.7 19.0 20.2 16.2 182 16.6 13.3 14.1 12.7 12,7 13.0
on'ﬁ:.’nnqi and scinntific :nurumm!s ..... as 7.0 5.9 55 5.4 6.5 6.4 5.7 5.7 59 6.1 8.1 5.9 6.0 6.1
Scentitic and maechan y!
measuriNg iNstruments L L., 38182 9.5 4.1 3.7 3.9 4.1 38 35 3.7 4,1 4.3 4.5 4.9 5.4 5.6
Optical, surgical, photographic, ’ : '
arkt othar instruments ., .. ... ... 38387 5.2 6.9 6.1 6.0 74 7.4 6.6 6.4 6.8 68 8.7 63 .82 6.2
G her manufacturing industries . .., . ..... 21 27 3139 ") 7 5 6 8 8 8 8 8 8 9 7 2
- e g e = e — ]
Distribution by size of company
fbased an number of eamployees!
Leswsthan 1000, . . ... ... ... ... . .... 1.8 1.9 27 1.7 IR " 1.9 1.7 7 1 186 1.8 1.8 1.7 1.7
100004999 ... ... . ... e e ‘1.8 2.4 2.3 1.7 &8 ) 1.7 1.6 1.7 1.6 1.5 1.4 1.4 1.5
SQ00tw o9 . ... o . 4.9 2.1 2.3 2.3 23 22 1.9 1.8 1.8 '8 18 .19
e e JQ@QO 024,839 ..., ... ... ... ..., e d e *3.9 5.3 19 1.7 16 1.7 1.8 1.8
! 25000 0rmore. .., ., .., .. e 5.3 52 4.7 4,7 4.4 4.2 4,7 4.5 42 4.5 42 4.2

‘Not separataly avaiadle but mcluded 0 total

“ncluced 1n the other manulactunng ndusties roup

"$IC codes 3398 and 3399 inciuded i the nontengus melais and woduf.ts group for 19571965
“lata not taduia e At this [evet pror to 1§72

Mociuded m the other stsctrical squipment Qroup

[Aruntoxt provided by Eic:

i =

‘Separate data for companies with 5,000 or more employees and for companies with 1,000 1o 4,999 smployses were sstimated
Dy the National Science Foundation for 1057. Revisions of statistics by the U.5. Buraau of the Census for this year did not
yieid separate data for companias In these size groups.

SOURCE: National Scisnce Foundation
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Tabie B-36. Company R&D tunds as percent of net sales in R&D-performing manufacturing companies by
industry and size of company: 1957, 1963, and 1966-77 '

e e e e e —_— .
Industry arcd sizg of comg sny SIC code 1967 1963 1966 1867 1968 1969 1970 1971 1972 1972 1974 97 1976 1877
— e - PN e e e e . J SR 4 e e U G —— - —
Yotalh .. e . 1.5 1.9 2.0 2.1 =24 2.2 2,2 2.1 2.0 20 2.0 2.0 2,0 20
Distrihution by industry
Food and kindred products. . . ... . ... 20 3 M 4 5 5 4 5 5 A 4 4 ") ) )
Textiles and apparat . .. .. ... ... .. ... .. 22,23 ') 4 ) o (') " ') 5 4 4 ) 'y (&) Y
Lumbaer, wood products, and furmiture . . . . . 2425 ) ¢ A 2 4 3 8 ') ") ) ¢ .7 7 8
Feper and alfied products . ... ... . ..., 26 6 8 ' (" (h "y o (' ) 8 " ") H M )
.Chemicais and alied products. . .., .. .. ... 28 3.1 36 38 4.0 3.4 34 3.5 3.3 3.3 31 3.0 3.1 3.3 33
- om0 —
industrial chemacals . . ., ... 28182 4.2 44 38 39 3.3 3.3 35 3.2 3.1 28 2.8 2.9 29 29 e
Orugs and madicines . .. ... ... .. 283 36 45 (') 48] 'y ) (' (') (") (" (") %) H )
Other chemucals ... .., ... ....... i 28489 1.2 1.8 Y 'R (' by (') (") " ") tH) H Y ')
Patroleum retining and extr‘m"':n ........ r_— 29,13 7 1.2 K} 8 8 8 9 8 7 7 5 () S K3
Rubbier productz . .. . ... 30 11 16 1.7 1.7 1.8 16 1.7 17 1.7 1.7 (") ) H )
Stune, ciay, and giass products , | o , 32 ) 1.6 1.5 1.7 1.6 1.7 1.7 1.6 1.6 1.5 1.5 ) H S
Primary ematals . L L, 33 5 N 7 8 8 8 8 8 7 K- 5 7 8 7
— . PN - - A e e d e
Farrous metals and prodacts’ . .. 331 32.3398,3399 () g 7 7 7 7 7 7 & 5 ') 6 5 K]
Nontareous metals and products’, . .. 333 38 (" 9 8 9 9 9 9 1.0 9 8 ) 1.1 S 11 1.0
_ — = - = ——
Fabricatas metal products ... ... . C 34 1.1 1.4 1.1 1.2 1.2 1.2 1.1 1.1 1.2 1.1 1.1 1.7 | 1.1
Machinery .. . ... ..., 35 2.0 3.1 3.0 3.2 3.1 3.2 34 3 35 38 38 4.0 4 4.3
Offwe, camputing, and
acaunting machines ... . ... ... 357 ) (%) Yy *y ) Y Yy ) (' (") " 9.4 9.4 9.4
’ 2SN e R L~ T~ SRRy 3 fo - e —— =%
tigctrical aquipment and communscation | | 36 .48 26 36 3.4 3.6 36 3.5 34 35 35 35 35 36 3,7 38
e —— e e e e
Radio and TV recaiving equipment | | 365 %) % 'y (') ') ') " " " )y " 14 1.4 1.3 v
Elactronic components .. ... . .... 367 3.7 3.9 3.9 ') ") )
(' 4.2 38 39 4.3 40 3.7 38
Cammuni ation equipment
and cammumcation L, L, .. 366 48 5 3.9 38 39 42 4.3 4.3
Othar elsctrical squipment ., .. ... . 361.64,369 (4 3.0 M L__.U) th ) <‘) " ") &S " " *) H
Motor vehicies and motor
. vEhICIms BQUIDMENT ... ... ... 374 ) { 28 2.9 3.2 3.0 2.7 2.7
: . > 2.1 25 2.4 2.5 2.4 28 28 25
N Otner transportationsquampment . . ... .. .. 373 75,3719 . {6 6 ') 8 H (")
i Arferaft and rmussdes . L, 372,376 2.0 26 3.4 4.0 4.1 46 38 v 34 3.3 3.0 3.5 28 28 28
Protessional and scientitic instrumeants . . . .. 38 39 J 4.2 38. 35 4.2 4.4 4.2 45 48 5.1 5.2 5.1 §.3 54
) Scantific and mecHanical ] .
measuring instrumants L., 38182 4.0 39 28 25 29 28 29 33. 38 4.0 4.4 4.7 5.3 5.4 .
Optical, surgical, photographs, ‘
andt other instruments ... ..... 38387 38 48 4.1 349 4.7 5.0 4.7 49 5.1 5.5 5.5 5.2 53 5.3
’ TRy P P p e = - —— —— e e e
Other manufacturing industries . ... . ...., 21273139 (H 6 ) RN () 2 B ") ') " (') 7 7 7
— A s e — R
Qustribution by size of company Y4 T .
fbased on number of empioyses) a4 . -
Less than 1O00 . ... ., .. .,........... e 1.4 1.5 1.4 16 (' ) 1.5 1.5 1.5 1.6 1.4 1.5 1.6
100010 4999 ... .. .. e Ce e "2 1.5 1.3 1.4 'y th 1.3 13 1.3 1.3 1.2 1.2 1.2 1.3
5000w 9999 .. ... b 15 1.6 1.6 1.7 18 1.8 1.5 1.5 1.4 1.5 16 1.5
s . 100001024999 1. L b *1.8 2. { {1_‘ 13 1.3 15 1.4 1.8 -
s 1 22 23 23 2.4 24 2.3 .
- 25,000 or more. ... .. L R . 2.5 25 24 28 25 4
‘ T e -
'NOt separatsiy Avatable but inciyded i total . *included in othar elecincal equipment group
Drta inciuded 0 the otner manufacturing industies group *Esfimatsd by the Nationa! Sciance Foundation. . ;
'SIC codas 38 and 339 inciuded m the nonferrous metals and products group tor 1957 10 1968 SOURCE: Nationa! Scisnce Foundation ) K
Cana nof faduiated af ihie level prios fo 1972 ' : . i
28 _

a
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Table B-42. Industrial expenditures for pollution abatement research and Table B-43. Funds for basic research, applied ressarch,

 WRAERA A Y e e e e n s

' ~ development by type of pollution and source of funds: 1976-78 and development performance: 1953-77
« *
{Dolars 1n milhions] i , | Dollars in millions ] i
{ . { . 1978 . Basc Applied
f 1976 i 1977 (@st) Year Total research research Development
......... O SIS
Type of putiution i Ymmt Federal Company+ Total [Federat Company .| Total 1953 $3.630 §151 $1726 $12,753
—_— U p— ; . e ms e  eaan s —— ] H
Total ; s.’sg 551* I8 schs 5918 ssr $881 | $1.050 ?322 ::g;"g .::‘ ;:;; ,gj‘;';f
‘ i 1956 6,605 253 1,268 5,083
A AR I R B s62 787 1957 : 7.731 n 1.670 5,730
Automaotive emission | b ' ' ' ! ! 1958 8,389 295 1.an 6.183
. Hive IS5 Py (‘) & ) ") " ) 1959 9,618 320 1,991 7,307
Electne power plant emissions | 31§ (- ) 67 ) " 93
All other VIR Y 98 123 13 110 163 1960 10,509 376 2,08 8.104
)p——w—T_n ) S ) N 1961 10,8908 395 1.977 8,537
W, } 5 1962 11,464 488 2,443 8,627
Solid waste 21 1 20 28 7 21 30 1963 12,630 522 ‘ oo
———— _ d__ ,,,IL SRS SR ST W . J_ I — 1965 . 14,185 a2 2,658 10,934
0 R 1966 .. .. . 15,548 624 2,843 12,081
NOtseparately avaiale bot o.gded 0 fotg 1967 16,385 629 2,915 12,842
SOURCE Ndti(nal Somnce £ pmigtinm 1968 17.429 642 3.124 13,663
1969 18,308 618 3,287 14,403
1970 18,062 602 3,426 14,034
1871 18,311 580 3,413 14,308
1872 19,539 533 35612 15,434
1973 o 21,233 631 3,822 16,780
1974 o 22,867 698 4,284 17,884
1975. . .. 24,164 729 4,566 18,889
1876 . . 26,938 817 5,101 21,020
1877 . 29,907 910 5,652 23,345

'Estmated by the National Sgrence Foundation

SOURCE. National Science Foundation
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"APPENDIX C

Industry-Administered Federally Funded
Research and Development Centers, 1977

I

FFRDC ministered by
Fredenck Cancer Research Center Litton Bionetics, Inc., Litton Industries
Bettin Atomic Power Laboratory Waestinghouse Electric Corp.

. Hanford Engineening Developmeni Westinghouse-Hanford Corp.

s Laboratory ) :

' idaho- National Engineering Laboratry Aerojet Nuclear Comp.
Knolls Atomic Power Laboratory General Electric Company

. Liquid Metai Engineering Center Rockwell International Corp.

\ Mound Laboratory , Monsanto Research Corp.

e~ Yk Ridgge National Laboratory Union Carbide Corp. ‘

' Sandia Laboratory Western Electric Co., Inc.-Sandia Corp.
Savannah River Laboratory E. I. du Pont de Nemours and Co,, Inc.

««««««
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. RD-1A2(1977) NATIONAL SCIENCE FOUNDATION
: WASHINGTON DC 20880

The U.S. Bureau of the Census coliects and compiles the survey
responses for the Foundation. Inquiries €egarding the survey

nst J 23, 1978 should be directed to the U.S. Department of Commerce, Bureau
anuary <2, 1% of the Census, Washington, D. C. 20233.
§7f'§§5§§Qf‘ Your participation in this survey is very much appreciated. We

would be grateful for any suggestions you may have for improving
any aspect of the survey. Please direct any such comments to
my office,

Sincerely,

Gentlemen: . | Q\J&M d 7&1‘1&:%

The Na*ional Science Foundation requests the cooperation of your Richard C. Atkinson
ccompany in completing the enclosed questionnaire for the 1977 - Director
- survey of industrial research and development. This is one of ' -

2 series of surveys conducted to assist us in better understanding Enclosures

and strengthening the overall national effort in research and

development. ’

The Foundation is well aware of the increased reporting burden

on’ industry in recent Years. In response to this problem, each

item on the survey form has been carefully reviewed to detemmine

if some of the requested data could be collected less frequently

than annually. This has led to'a decision to alternate between

‘the full survey form, similar to the enclosed questionnaire designed ' -
for the 1977 survey, and an abbreviated form containing mnly

principal data elements. This abbreviated version will be used Lo
next year for the first time to collect 1978 data. We hope that '

this will be of assistance in reducing your overall reporting

burden.

. Data obtained in this survey of industry are used by Government
officials in developing policies and Prograns to strengthen science
and technology. Individual companies have also found the data _
valuable-in assessing and planning their own research and development
. Programs. Since industrial firms account for approximately three-
"foutths of total R&D performance, the sSwvey rasults rapresent a
;T major source of needed information in this ares. . : -

- To provide you with some of tha key findings from last year's survey, . SRS
ta@ will soon be providing you, through the Bureau of the Census, < .
“with copies of a release which summarizes the results of that study. _ _ o . . R
CHN more-dstailed report, providing substantial additional data, is

: ' expected to be available later in the spring.
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OFFICE OF THE DIRECTCR

FROM THE DIRECTOR
BUREAU QF THE CENSUS

Enclosed are report forms and file copies of Census Form RD-1, "Survey

of Industrial Research and Development During 1977," an instruction

manual to assist you in completing the report, and a letter from the
National Science Foundation, which sponsors this survey, describing the
importance of the survey results.

The instruction manual provides guidelines for reporting., However, it

is recognized that book records for particular items may not be maintained.
In such cases, carefully prepared estimates are acceptable,

This report is authorized by law (title 13, United States Code). Items
2A and 2B, and columns 2 and 4 of item 5C, are a basic part of the
statisticol program of the Bureau of the Census for manufacturing
companies and, if not reported in this survey, would have to be reported
on mandatory Census Form MA-121. Response to the remainder of the
inquiries is voluntary; however, your cooperation is needed to make the
results comprehensive, accurate, and timely, By section 9 of the law
{title 13), your report to the Census Bureau is confidential., It may be
seen only by sworn Census employees and may be used only for statisticsal
purposes. The law also provides that copies retained in your .iles are
mmune from legal process,

Requests for copies of the resulting publications and questions concerning
the form should be directed to Mr, Paul Beasley of ocur Industry Divisien,
phone (307) 763-5598.

We appreciate your past cooperation with the Bureau of the Census and
look forward to your continued participation in this important survey,

Sincerely, 5

MANUEL D. PLOTKIN

Bnclosures
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© {instrustion Manual)

008 DEFARTMENT OF COMMERCE
MLRKA, DF THE CANSUY
CALLETT NG AND COMP L NG AGENT FON

THE NATIONAL SCIENCE FOUNDATION
MASH NGITON R C Auam

INSTRUCTIONS FOR SURVEY OF INDUSTRIAL RESEARCH AND DEVELOPMENT DURING 1977

Quthine of instructans 1 Page Qutiine of instructions Page
Pyl e L USSR SR SR D SR
GENERAL ] Source of Funds . . .. ... .. ... ... . 5

Intormation aboyt reporting: Additional formsi ‘ ftem 5 — Column 2, Federal. . . . . .. .. .. 5

Companies new to survey P ltem 5 - Column 3, Company and Other,
Preposted figures [ except Federal ., , | e, 5
Revision of figures Lo ltem SE - Funds budgered for 1978 . . . . {5
Coverage ~ reported unit, per . ] ftem 6 ~ Cost of Research and Develop- |
geographic area o P2 ment by Fryncipal Federal Agency ... ... . S
. g Item 7 ~ Cost of Research and Development
Section | - GENERAL COMPANY DATA ! by Major Type of Expense . . .. .. ... . .. ‘5
Item 2 — Sales and Employment far Company ;2 Item 8 -~ Fields of Basic Research. . . . . . . 5
: i item 9 — Applied Research and Development
DEFINITION OF RESEARCH AND ‘ by Product Group . ., ............... )
DEVELOFMENT . ]

Section 1| - RESEARCH AND DEVELOPMENT!
PERFORMED WITHIN THE COMPANY IN THE;
UNMIED STATES . v ‘ 1
item 4 — Number of Research ang Deveiopmemf
Scientists and Fagineers 2
Cost or Receipts for Research and Deveiop- |
i ment Pecformed Within the Company by Maar:
Type and Source of Funds . [
Types of Research i

i
i

ltem SA . Basic Research
ftem 58! ~ Applied Research ‘ I
Item 582; Devealopment o

L S N

Methods of Estimating Research ang
Development By Majnr Type 4

ftem 10 -~ Costs of Research and Develop-
ment Performed Within the Company, by State 7
Item {1 - Research and Development
by Functional Category ... ...... ... . . 8

Section 1| - REPORTING OF RESEARCH AND
DEVELOPMENT PERFORMED OUTSIDE OF
COMPANY WITH COMPANY FUNDS- . . . . .. 8

item {2 - Tota) Company Funds Spent for
Research and Development Activities
Performed Gutside the Company Within
the United States ., . .., ... . . .. . . 8

ftem 1Y — Total Company Funds Spent for
Research and Development Actuivities
Performed by Foreign Affiliates Outside the
United States .. . .. .. ... .. .. . .. .. B

-«

GENERAL

- Infermatien About Reporting: Additiona! Forms —
. Reporting an this form may require that companses
C resOrt o the yse of estmates 1n answering some of
- the gdestions, We dre satisfied, however, that the
. comparabyity of data among compan,es with reseaich
. and development programs s sufficient 1o develop
Lmeaningful totals and measures of changes from year
W year,

- 1f you require additional copies of the form. weite to
- the Sureau of the Census, 1201 Fass Tenth Streer,
. jeffarsonvitie, indiana 47132, if you have any
: questions regarding reporting on this form, wiite to
e BOTREG of the Census, ATTN Industry Division,
-‘.‘\.;"l;h:jnnon. D.C. 20233, or call Area Code (30!)

4 rene erms e

. Companios Reperting in Survey for the First Time ~
- Companies not reporting 1n 1976 survey should f1ll

A ruitox provided by enic [N
PR by
Namrmmne —

i the figures for both years. if the company had no
expenditures for research and development, complete
only “'ltem 2.° Enter "'No R&D' in the space for
remarks on page 2 of the form, sign, and return the
form.

Figures for Earlier Years are Preposted on the Form
If your company reported on form RD-1 for 1976
certain figures from that form have been copied to
the present form. Plesse describe in the ‘‘Remarks'’
section {page 3 of the form) the reasons for any
substantual increases or decreases in the 1977
figures entered on this form when compared to cor-
responding 1976 figures. Examplas of suth reasons
are new govemnment cantracts, acquisitions, and
disposdls, revised accounting method, etc. If you
acquired or disposed of & unit performing a&n impor-
tant amount of research and development during the
two-year period, please identify the unit in remarks,
and give the total amount of research and develop-
ment sccounted for by such unit,

.

Revision of Earlier Year Figures — The {976 figures
shouid be revised if necessary to assure compara-
biligy with 1977 data. Please explam in reinarka,
any significant change in the 1976 figures. if your
company did not report for 1976 or no entries have
been entered in the 1976 column, fill in the figures for
both years.

‘Report for Your Entire Company - Research and
davelopment activities for your entire domestic com-
pag should be reported. including all subsidiaries
ands divisions of the compuny, If you desire to have
Subsidiaries report separately, please write o the
Bureau of the Census #nd 1ist your subsidiaries.

Period Covered by Report — The figures reported
should cover the catendar year if at ali possible,
However, fiscal year data are acceptable for all
'ems except employment, provided your fiscal year
ends between September and March, Please report
employment figures (items 28 and 4) for the period
identified in each of the items mentioned.

Geographic Area Covered — The data are intended
to relate to business firms in the fields of manu-
facturing, minerals, and other economic areas which
operate one or more e<tablishments in one or more
of the 50 Sqates of the District of Columbia.

P Section | - GENERAL COMPANY DATA

®ltem 2 - Sales and Employment for Company ~ In
item 2A, report the net sales and recespts of this
company and 1ts subsidianes to customers outside
she  company, (Exclude domestic intra-company
transfers and sales by foreign subsidiaries, howaver,
snclude transfers 1o such foreign subsidiaries and
export sales to foreign companies. The reported
figures yshould represent vaiue f,0.b, plant after
discounts and allowances and should not include
freight charges, excise taxes should be excluded,
in item 2B reporst the namber of persons employed at
the company in ail activitres in the 50 States or the
District of Columbia during the pay period which
includes the |2th of March 1976 and 1977. This
frgure would bethe same as that shown by the company
1natem 14 of Treasury Form 941, if the company filed
one form 941 for the entire company,

P DEFINITION OF RESEARCH AND DEVELOPMENT

Research and deveiopment includeg basic and applied
research in the sciences and in enginesring, and
design snd deveiopment of prototype products and pro-
cesses. For the purposes of this questionnaire,
research and development includes sctivities carried
on by persons trained, either formaily or by experiance,
in the physical scisnces inciuding relsted enginearing,
and the biological sciences including medicine but
excluding psychology, if the purpose of such activ-
ity is t do one or more of the following things:

l, Pursue  a planned search for new know!adge,
whether or not the search has reference to a spacific
appiication,

2 Apply existing knowledge to problems invoived
in the craxtion of a new product or process, including
work required to evaluate possibie uses.

M Page 2

3. Apply existing knowledge to problems 1nvolved
" the ymprovement of a present product of process,

Research and jevelopment includes the sctivities
described  above whether assigned to separate
research  and development organizational units of
the company or carried on by company laboratories
and technical groups not part of a resemch and
development organization. We recognize that the
reporting activities of such lacter groups will require
the use of estimates for some of the questions, °

Activities to be Excluded From Resecrch and Devei-
opment — Research and development for purposes of
this survey does not include quality control, routine
product testing, market research, sales promotion;
sales service, research in the social suences o
psychology, or ather nontechnological activities of
technical serviges,

More specifically, exciude from research and devel-
opment such nontechnological activities as market
research, inCiuding statistical surveys of product
acceptance, estumates of market size, and studies
of channeis of distribution; and market development,
including the sale of either old or new products to
obtain acceptance of them in new outiets; economic
research and other research in the social sciences:
and legal work in connection with patent applications
and litigation, and the sale or licensing of patents,

Also exclude from research and development such
technical services as- Quality and quantity controf
tests and analyses, trouble-shooting in connection
with breakdowns in full-scale production, including
related analytical work, technicai plant sanitation
control, work required for minor adaptations of a
specific product to meet the requirements of a
specific customer, including instalistion and serw
1Cing N @ customer’s plant, engineering and other
technical  service furnished in accordance with
agreements to licansees outside the company; aid
frnished by the research and development organi-
zstion to manufacturing divisions to enable them to
operate in accordance with previously determined
formulas, standard practice instructions, or finished
product specifications; aid furnished to develop
advertising programs and to promote or demonstrate .
new products or processes, including the cost of
material furnished for trial or demonstration; assise
ance in preparation of spesches and publications for
persons not engaged in research and development;
and experimental work performed at the .requast of
the patent division to provide information needed
during the prosecution of & patest litigation,

P Sectien 1l —~ RESEARCH AND DEVELOPMENT PER. -

FORMED WITHIN THE COMPANY, IN THE (WITED .
STATES . .

@ltem 4 - Resemich and Development Scisntists snd

Engineers — Scientists and enginesrs for this
are defined as all parsons engaged in scientific o™
engineering work at & fevel which reqires 2 know
ledge of physicatl or life SCimnces or- enginaering & -
mathematics, equivalent st least 1o that acquired
through completion of a fouryeamr coliege cowse
with & major in thise fislds, regardiass of whaether
they heid & college dagree in the fiid. ,
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" Swetion 1 - RESEARCM AND DEVELOPMENT PER.
~ FORMED WITHIN THE COMPANY, IN THE UNITED
© STATES - Cantinued

[y

., As 0 the past, the figure on R&D sc.ent sts ang
e.ngmeers will  be obtained piomaty  from twy
sQurces :

1, Recards on the number of scient st and eng neers
T assigned tu research ang deseiapirent.  This suurce
o8 osausfactory so tang as the sooensts ard eng.-
neers of the umit are assigned fo researct  and
deveiopment on a tuii-Uime bas.s tee, g rgre thap
S percent of theor time |y spent o onenresearyt and
development), For example. tor Ccompany abora-
tories  performing fRSEICr  ang Jeveiopment,
FERAIT the number of SCIENTISTS and enginpers on tne
oS 0 january, Ror OtNer Ly, use soufue <.

iy

2. Flgures afi the p‘wumhon Ot LotAL Aprk t ome af
SCentists and engineers 1hat s deunteg o MEARRAR L}
and deveiopment,  For eqampe, ot the eng i eer nyg
depaitment of 3 manutacturing plant hag 60 scoent sos
and engineers in january 1977 and one-fourtn ot the
SCIENUISIS’ and engioeers’ Gme Surng that v onth
was charged to research and development praects,
the tigure for the number of research and develop-

ment scientists and engincers nciuded for that wmt
would be 15,

Separate figures are Tumper of

scentists

regquested on the
and engineers working on federal ang
company and other research ing develoament progs
ects,  Where research ang Jevelopment work for the
Government and tar the company S perfarmed dy the
same group of scientists and engineers, t w.ll pe
necessary to distridute the totar nymber of Such
SCIENT SIS and engineers accarding o the oragram,
Federai or company, for whicn the research and
development work was performeg e, o use the
proportion of the toral work t.me of reseasch and
development scientists and engineers that s devoted
to Federal and company research and develiopment
programs, in order to distrhute the total Yeported
0 ixem 40, The resulting figures should be reported
to the nearest man-yed i drder o present a rE3son-
able division of uime assigned (o Federal ang com-
PaNy and other research and development programs,

Please divide the rejuesped frgures mto the related
cost figures and (heck ,é\c resulting cost tigure of
research and deveiopmyht per sc.entist ang engineer
for reasonableness,

.

.

Lest or.Receipss for Renearch and Development
- Paclormed Within the Company by Mojer Type ond
{~Seuiice of Punds - inciude all costs incurred to sup-
T pord resmarch and deveiopment, exciysive of capital
expenditures, but including degreciation and over-
head,  if you perform rescarch ang development for

others on contract, include the total charged for the

"\ie‘rk paiformed, including profit,

€ reievant costs usually inglude tut

Tl Wages, salares, and related costs. Materral and
suppligs  onsumed (or purchased, it Corsumption
f:gures are not avacadle). uulities, such as tele-
bhone, telegraph, electricity, water, gas, and fuel,
books and perodicals travel and entertainment Costs
M professional dyes,

2. Property taxes and other taxes {except income
faxes) incurred on agcount of the research and devel-
opImEnt OrgaliZatiun or on the facilities which the
research and development Qrganizaton uses.  {nsur-
ance expense. Maintenance and repair, including the
marntenance of buldings and grounds, depreciation
on buildings, equpment, and vehicles. or rentals,
ot any facihities are leased,

3. Company overnead, Estimate a fair share of the
cost of any functions which support research and
development activities, The basis and method of
gstimating overhead costs will depend upon company
practice,  The important pont ;s to be sure that all
companies include an aliowance for overhead, {tems
normatly covered n overhead include the following.

Personnei, inciuding personne!, medical and safety
departments, ang employee or industiial relations
department, accounting control and fiscal ( Treasurer’s
affice). procurement and inventory, inciuding pur-
chasing, receiving, inspection, storage, transporta-
ton, control, and issue of naterials and suppires.
otner  services, ncluding legal, public relations.
shopwork, analytical work, plant protection, re-
arranigement of facilines, drafting, printing, dupli-
cating, transportation of materral and personnel,
maintenance of motor vehicles, messenger Servige,
stenographic service, and photography. salaries-and
related costs of research executives not on the pay-
roll of the research and development orgamzation,

Do net net your research and developmant expend:~
tures by the amount of royalties received from either
noncompany Q/ganZauoens or company umts, +or the
credits received for research and development work
charged or “‘soid™ to other departments of divisions

ot reporting Ccompany or to outs:de arganizations.
£

Types of Expense to be Excluded From Reseorch and
Development Costs -~ Exclude from the cost of
research and development performed within the com-
pany the cost of research and developmens carried on
for the company by noncompany research and devel-
opment orgamizatiens of any kind, or feliowships,
grants, and gifts 1o promote research and develop-
ment or the study of the sciences and engineenng,
That part of company-hetd research and devetopment
JLontracis subcontracted to research and development
organizations outside reporting company. All work
that was done for your laboratories and other tech-
nical units by noncompany organizations which are
not research and development orgamizauons (for
example, model construction by a noncampany mode!
shop) 15 to be considered as a purchase of equip-
ment, material, or supplies for the company research

are not organization rather than as subcontracted research
himited to the elements listed beinw and development, A
Fage 3 ’ )
~.
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IText Provided by ERIC

Types of Expense to be Excluded From Research and
D= selopment Costs - Continued

Also exclude capital expenditures, royalties paid,
patent expense, income taxes, or nterest,  income
from sale of products manufactured in the research
and development organization f these were soid to
bona fide customers,

item 5 - Reswarch and Development Performed Within
the Company by Type and by Source of Funds

This 1tem provides separate columns for rEpoOrting in
1977 the costs of research and development n Fed-
eral contracts and Subcontracts, and Company andg
Other research and deveiopment by the three types:
basic, apphied, and development, Defimitions of
“'Federal,”’ and of ‘‘Company and Other’ are pro-
vided below, after the definitions of types and
methods for estimating the breakdowns by type, ‘

Types of Research — Break down the total reported
item 5 into the categories shown below.

{tem SA — Basic Research - Include the cost of
research projects which represent original invest-
gauon, for the advancement of scientific knowledge,
and which do not have specific commercial obyecs
tives, ‘although they may be in the firids of present
or potential interes: to the reporting qompany,

Item 5B1 ~ Applied Reseorch - inciude the cost of
research  projects which represent investigation
directed to discovery of new scientific knowledge
and which have specific commercial objectives with'
respect to either products or processes, Note that
this defimition of applied research differs from the
defimition of basic research chiefly in terms of the
objectives of the reporting company,

Itam 5B2 — Development — Include the cost of proj-
ects which represent technical activity concerned
with nonroutine problems which are encfuntered in
translating research findings or other 'g’e’neral scien-
tific knowledge into products or procésses. Do not
inciude routine technical services to cusiomers or
other nems excluded from defimtion of research-
development above,

Methods of Estimating Research and Development
Expenditures by Type ~ Many of the compames in
this survey have accounts they believe substantially
maer the definitions uswd in this survey for basic
research, applied research, and deveiopment, In
most cases, companies have found st possible to
allocate their own accounts to these categories,

if your compgny does not keep records that meet or
can be aliocated to these specific categories, there
are two principal ways to reduce the task of providing
the dats requested.

l. isolate the projects that clearly fall in dfe devel-
opment category. |f your company fabricates prod-
ucts, such development activity will include the
design, construction, and testing of prototypes and
models, Some defense costracts typically call for
several test models, If your company's resesrch and
development frequently involves the developmeant of
& "‘process’’ as in chemicals and petroieum, such

development activity would include operatiens beyond
the bench scale, primarily tha des:gn and operations
of pilot plants or semiwarks,

2, {solate the organizational units whose researeh
and development can be readily classified. }f a com
pany has two or more laboratories, the expenditures
of some of these laboratories may be all classified
in one or another type of research and development
on the basis of the function assigned to the labora-
tory. There are laboratories assigned only devel-
opment type work. There are others engaged only in
applied or basic research, If research and develop-
ment work 18 done in production units as well as in
various laboratories,. the research and development
work in the production units will generally be of a
development type, '

The separate classification of clearly identifiéd
development cperations, particularly in the induscri:t
producing expensive prototypes, wifl preatly redu
the baiance to be distrsbuted. The distributiod will
have 1o be estimated on the fasis of a review &f indi-
vidual projects or on the basis of other summaries
of the work, ~Please use the definitions for basic,
appligd, and development, as given above, |If,
tespite these nstruct’ons, you feel that you are
.unable o distribute your research and development
expenditures into groupings approximating the cate
gorie requested, please write to the Bureau of the
Census describing your accounts and indicating your
special problems. The Bureau may be able to make or
obtain some suggestions that will be h}ptpful tn com-
pleting the repont form,

Types of Activity Included in Development — The
design and operagion of pilot plants or semi-works
plants so long as the principal purposes are to obtain
experience and to compile ¢ngineering and other data
1 be used in evajuating hypotheses, in writing pro-
duct formuias or in estabhishing finished product
specifications, n designing special equipment and
structures required by & process, and in preparing
operating instructions or manu#ls, The engineering
activity required to advance the design of a product
or a process to the point where (1t meets specific
functional and economic requirements and can be
turned over to manufacturing units, The design,
construction, and testing of preproduction pratotypes
and modeis and “‘engineering follow~through!’ in the
early production phase 1s included,

The deveiopment of designs for special manufacturing
equipment and tools is included but too} making snd
tool tryout are not included. The oreparstion of
reports, drawings, formulas, specifications, standand
practice instructions of operating manuals, and othes
media for transmitting to operating units information
obtained from the above sctivities is included, How

2

ever, the production of dewiled construction drawingy’
o ‘manufacturing bludprints s not included.  ~The

question, ‘‘When does development end snd production
begin?'' is often ssked. If the primary objective is
to make furcher improvements on the product o
‘process, then the work comes within the definition
of resesrch and developmens,
the product or process is sabstantially “'set,”’ snd
the primary objective is to develop marke(s . or o9
do preproduction planning, or to get the production
process going smoothly, then the work is no longer
research and development,

Fage 4 E
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Seurce of Fuads - A separate column o item S 15
provides tor cach of the following:

ftem 5, Columa 2 - Federsl - Inciude me cost of
work done on research and development contracts
of subcontracts., and research and development por-
Luons  of procurement contracts and  subcontracts
during the year.

Do not include here, or elfsewhere n the report,
research and development contracts and the portions
of procurement contracts tat you subcontracted to
other research and development organizations, To do
S0 would cause duplication n the statistical totals
derived from these reports. ©

item 5, Column 3 - Company and Other ~ Inciude the
cost of all company-sponsored resegarch and deveiop-
ment performed within the company, (Report company
sponsored research and development performed outside
the company n 1tem 12,1 Research and development
1s pertormed by a few manufaciuring companies for
others than the Federal Government. Such research
and devemptyem should be inciuded in this colymn,

In item 5E, report the expected or estimated cost of
company-sponsored research ond development that
will ba performed within the company during 1978.

®item & - Cost of Reseorch and Uevelopment by Prin-
cipol Federal Agency. Distnbute the cost of Federal
Revaarch and Development Work (item Sc, column 2 of
Form RD-1) by Federal agency - Compan:es reporting
Federal research and development are asked to provide
separate figures for the three categories of Federal
agencies:  Department ot Detfense, Natonai Aero-
nautics and Space Administration, and all  other
Federal agencies, in general, most compamies per-
forming farge amounts of research and deveiapment for
the Government wili have one of mure separate organi~
Zauonal units charged with responsibility for most
Federal contracts. Regorting of the requested data
has been simplified for some compamies by using the
data avalabdle from the accounts of such umits as the
‘basis for the overall company figures on the number
of scientists and engineers and the costs of Federal
programs, For example, +f B percent of the work for
Federal agencies s performed by umits with separate
sCCounts, 1t should be reasonabdble to estimate the
company totals on the basis of such figures rather
than make special tabulations of separate estimates
for each of the company units that may be doing some
work on Government research and development,

Bitem 7 - Ceost or Centroct Valye of Resesrch snd
Developmant Performed Within the Company by Major
Type of Expente -~ The type of information re-
Quested here wili be availadle for separate research
and devetopment orgarizational units or for companies

. Yith separase research and development accounts.,

.~ 18 18 nOt requested that special analyses be mada of

. cost records where research ond development and

other functions are combined and if existing records

. do not yield estimates for Bus item, the i1tem nesd

00l be . completad.  However, if most research and

. development. 15 performed in units where summaries

e R tagularly grepared by elemens of cost it should

T ba possidle to base the breakdown of research and

devaiopmant costs upon the records of such estab-

lishments,

For wages and salaries report the gross earnings paid
o calendar year 1977 to employees engaged n
research and development, inciuding dismissal pay,
Pa:d bonuses, vacation and sick-leave pay, and com-
pensation in kind, and prior to such deductions as
employees’ Social Security contributions, withholding
taxes, group insurance, and savings bonds. (You
shouid foilow the definition of salaries and wages
that s used for calculaung the withholding tax.)
‘Include salaries of officers i1n the research estab-
hshment(s), +f a corporation; exciude paymems to
proprietar or partners, «f an unincorporated concern,
Exclude payments to members of armed forces and
pensioners carried on your active payroll, (Scientists
and engrneers are detined on page 3, item 4.)

For materials and supplres, report the delivered cost
for all purchased materials consumed, whether re.
cerved  from  ather companies, withdrawn from
mventory, of received from other establishments of
this company.

Item 7B - Materials and Supplies, ond ltem 7C -
Other Costs may be combined if a separate figure
cannot be obtained or reasonably estimated from
present accounts,

Sitem 8 - Fiolds of Besic Reseorch —~ The following
defimitions are supplied for frelds included in the tem.

Enginesring - Includes aeronautical, astronautical,
chemical, «ivil, electrical, and mechanical engineer-
ing, and metallurgy and mater:ials,

Gealogical sciences - Includes geodesy, hydrology,
geochemistry, seismology, so/l sciences, etc.

Atmospheric sciwnces — Includes aeronomy, weather
modificatinn, meteorology, ete.

Biologicel sciences ~ All sciences, other than chins-
cal medical sciences, which deal with {i1fe processes,
including plant and ammal sciences, bacteriology,
pathology, microbiotogy, pharmacology, etc.

Clinical medical sciences — All sciences concerned
with the use of scientific knowledge for the iden-
tification, reamment, and cure of disease. Includes
internal  medicine, neurclogy, preventive medicine
and public health, psychiatry, dentistry, pharmacy, etc.

Other sciences - To be used for multidisciplinary
and interdisciplinary projects which cannot ba clas-
sified within one of the above primary fields of
science,

®item 9 — Applied Resesrch and Development by

Product Group -~ Enter both Federal and total costs
of Applied Research and Development by product
group, Costs should be entered in the field or product
group in which the research and deveiopment projkct

was sctually carried on regardlass of the classifica-.

tion of the field of manufacturing in which the results
are to be used. For example, research on an electrical,
component for a farm machine should be reported as
research on electrical machinery, Afso, research.
on refractory bricks to be used by the steel industry
should be reported as research on stone, clay, glass,
and concrete products rather than primary fertous
metals, whether performed in the steel industry
or the stone, clay, glass, and concrete industy,
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Research and development work on an automotive
head {amp would be classified in group 25, regard-
less of whether performed by an automotive or elec-
trical compary. Fields of Applied Research and
Development are listed below. For those companies
familiar with the Standard Industrial Classification,
the {972 SIC number or numbers are given after each
title.  Note, however, that the SIC definition here
applies to the field of research and developmens
effort, and not necessariiy to the field 1n which your
company’s manufacturing output 1s classified.

Product Group

1 Atomic Energy Devices - Appliad Research and
Development on atomic energy devices, previcusly
reported  separately, should be inciuded with re-
search and development as classified in the cate-
gories histed on lines 2-133. Exaspp!es of the fields
of research and development activities on atomic
energy devices and the product groups in which
such activities should be reported are as follows:

Product
Attivity Group
No,
Radicactive isotopes and other
radiation Sources . ..., ... ... .. .. 4
Partially fabricated reactor fuel element
materials and control rods .., ... . ... 12
Nuclearreactors. . .. .. ...........N
Reactor components and equipment . .. .

Core structurals (barrels, cans, boxes,
plates, etc.) . ... i e
Heat exchangers and condensers ... ...
Valves . . s e e e e }.
Complete reactor fuel elements and
control rods for use in:
Propulsions, .. ..
Power plants o . .. .o vt e v ie s
Other . o i e e e
AtOMic waste Casks . ... ... ..l
Fuel handling equipment ... ........ N
Control rod drive mechanism and
components for,
Power PIants . v o v v v n v e e iyt e
Propulsions. « oo v v nnnr ...l P20
Other . . .o L i i i it e et e
Pressurizers, components and auxiiiary
COUIPMBAL &, v v st e e v i et e e,
Pumps R R )
Accessory instrumentation for reactor
£ 3 - 22
Atom smashers (particie acceleratars). , . 24

Hot faboratory equipment v .o .y L vy ...
Special instrumenzation ... ... ..., 3

- 2 Feeds end Kindred Products ((SiC 20) - foods
and beverages for human consumption and certaip
reigged products, such ss vegetsble and animal

o . M5 and oils, prepsred feeds for animais and

+ f fowls, .

R )

PR
L
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3 Textile Mill Products (SIC 22) ~ Milt preparation
of fibers and mili manufscture of yarn, thread,
braids, twine, and cordage; manufaciure of broad
and narrow woven fabric, knit fabric, carpets and
rugs from yarn. dyeing and fimshing fiber, yarn,
and knit apparel, coating, waterproofing, of other-
wise treating fabric;, the integrated manufacture
of knit apparel; and other finished articles from
yarn: the manufacture of felt goods, lace goods,
bonded fiber fabrics, and misceliansous textiles,

4 Basic Industrial inorgonic and Orgonic Chemicals
(SIC 281 and 286) — Includes radioactive 150topes
angd other rad:ation sources.

5 Plastics Moterials ond Synthetic R;lin:. Syn.
thetic Rubber, Synthetic ond Other Manmode
Fibers Except Glass {SIC 282) - Exclude giass,

§ Drugs (SIC 283) ~ Medicinal chemicals, biologi-
cal and botanical products, and pharmaceutical
preparations,

7 Agricuirvral Chemicals (SIC 287) -%ermizers.
agricuttural pesticides, and other fgricuitural
chemicals,

8 All Other Chemicals (balonce of SIC 28) — Explo-
sives, soaps, glycerins, detergents and cleaning
preparations, pants and varnishes, toilet prepara-
tions, and miscellaneous chemical products,

9 Pet iaum Rcfining and Extroction, and Natursl
Gos (SIC 13 ond 29) - Exciude geological and
geophysical expioration activities,

10 Rubber ond Miscellonecus Plostics Products
{SIC 30) —~ Fabricated rubber such as industrial
and mechanical rubber goods and fabricated plas-
tics products,

1 Stone, Clay, Gloss, and Concrete Products ($IC 32
Ceramics, glass, ciay products, abvasives and
asbestos products, cement, stone products, con-
crete products, and other nonmetallic mineral -
preducts.

12 Primary Ferrous Produets (SIC 331, 332, 3482, .
and 33,99) — Products of blast fumaces, steel
works, roliing and finishing milis, iron and stesd
castings and forgings. Includes partially fabwi-
cated reactor fuel element materials and control
rods, -

13 Primory snd Secondary Nenferrous Metels (balonce
of SIC 33 and 3482) - Primary and second
smeiting and refining of nonferrous metats: rolf
drawn, and extruded nonferrous metal products,
castings and forgings,

14 Fabricoted Mate! Preducths (SIC 34) - Tinware, -

hand toois, nonelectric heating apparasus, fabvi-
cated structural metal products, metal stampings,
fabricated wire products, etc. Includes: nucliesr -
reaciors; reactor components and equipmens; corg
structurals (barrels; cans, boxes, plates, efc.);
heat exchangers and condensers; vaivas; compliate
reactor fue! elements and tontol rods for-use fas
propulsions, power plants, and other systems;
atomic waste casks,

w




- 15 Eagines and Turbines (SIC 351) - Steam engines,
T steam, gas and hydraglic turbines, diesei ang
other internal combustion engines, n.e.¢,

18 Farm ond Garden Mochinery and Equipment (SIC 352)
. Farm machinery, including tractors for tarm use.

17 Construction, Mining, and  Matenel Handling

- Machinery and Equipment (SIC 353) ~ Construction,
Mmiving, and ol tield machinery ann equ:pment,
elevators, conveyors, hoists, ndustrial rucks,
traceors, tralers and stackets.

18 Metalworking Machinery and Equipment (SiC 154)
: Machine tools, dies, machine tool accessor es,
rolting mit! machinery, power driven hand toQls,
wire fabricating machinery and equipment, and
automadiie maintenance machinery and equ pmept.

19 Office, Computing, and Accounting  Machines

PO ASIC 357) - Topewsders. eiectronic Lomputing
equipment, calcutating and account.ng mach nes
scales and balances rexcept fabor atory ), any
other computing and aftice mach.nes.

20 Other Machinery, Except Electrical (balonce of

O SIC 35) -~ <pecial ondustroa machinery, escept
metalworking, such as tood products machinery,
textile and paper industries machinery, general

—eopdustrial machinery  and equipment, and miscel-
laneous machinery except electrical, In¢fudes
Momic fued handling equipment. contral rad drive
mechanism  and components for power plang,
Propuisions, pressurizers, (omponents and aus:l-
1&Ty eQuiIDIMEnt, pumps.,

2 €lactrec Transmission ond Distribution Equipment
(SIC 38! and 3825 - filectric measuring nstry
ments and test equipment, power, drstribution and
speciaity  transtormers, switchgear  and  qw(oh-
board transtformers, efc.

.22 Blectrical Industrial Apparatus (SIC 362) - £lectric
. motors and Renerators, molor starters and controls,
weiding apparatus, carbon and graphite brushes,
electrodes, capacitors, vondensors, and reqt:fiers,

Includes  acces,ory  instrumentation  for reactor
control.
83 Radie and Televisian Receiving Sets, Excepr

Communication Types (SIC 365) — Kadio and tele-
vision receiving sets, except communication types
and phonograph records.

24 Electranic Companents and Accesseries, Communi-
. cotiens Equipment ($IC 368:67) - Electron tubes,
cathode ray tubes, res Stors -capacitors, ransformers

- 'sofid state electromc devices, and telephone and
—~-telegraph  apparatus.  Also  inciudes  lectronic
gusdance control subassembhies, radar and radio
aquigment, and efectromic sighting devices. Includes
artom smashars (particle acceiarators),

25 Othee Elecwical Machinery Equipment snd Supplies
7 {batence of SIC M) - Househo!d appliances, elec-
ERric Aighting -and wirtng equipmunt, and miscells-

fAROus wlectrical machinery equipment and supplies,

[AFuiToxt Provided by ERIC

and other components for electronic end products, .

26 Missiles (SIC 376) - including frames or structures,
faunching and handling support equipmept and
work an the missile system as a whoie. Electrenic
guidance control subassemblies and radar should
be included in group 24 above. Rocket motors
should be inciuded 1n group 28 below.

27 Space Vehicles (SIC 376) - Including frames or
structures, faunching and handhing SUPPOrt equip-
ment and work on the space vehicie as a whole,

28 Aircraft and Parre {SIC 372) ~ Piloted and unpiloted
arrcraft and parts of all types, including engines and
duxiliary equipment such as landing gear, deicing
e€Qquipment, and other auxitiary equipment specifr cally
adoptad for arrcraft, Radar and radio equipment and
electronic sighting devices should be inc'uded 1n
group 24 above, Aeronautical instruments should be
ncluded 10 group 31 below.

29 Mator Vehicles ond Equipment (SIC 371) - Applied
research and development related to motor vehicles,
including automaebiles, trucks, busses, and special
purpose motor vehicies such as ambulances, fire
engines, personnel  carriers, amphibian  motor
vehicles, and truck and automobsie trailers, and to
motor vehicle equ:pment and parts (exclude bas-
teries, tires, engine electrical equipment, etc,).

30 Other Transportation Equipment (bolonce of §'C 7
Ship  and boat building and repairing, rasiroad
equipment, motorcycies, bicycles and parts, etc.

31 Measuring, Anclyzing end Ceatrolling instruments,
Photographic, Medical ond Optical Geods; Watches
and Clecks (SIC 38) - Engineering, {aboratory,
and scientific and research mnstryments, instry-
ments  for measuring, controiling and indicating
physical  characteristics, Optical instruments
and lenses, surgical, medical, and denta! instru-
ments, fire control apparatus; ophthaimic goods,
photographic equipment; and watches, clocks, etc.
Includes  hot laboratory equipment, and special
mnstrumentation,

32 Ordnance, Except Missiles (SIC 348, 3795) - Arsit-
lery, smail arms, ammunition, tanks, and parts, etc.

8 jtom 10 ~ Cost of Research end Davelopment
Performed Within the Company, by State ~ List the
States in which your resestch and developmant
faboratories o facilities are located and report the
cost of resesrch and development for each State.
It 15 not intended that informasion reported raflect
individusl assignmants outside the home State of
the particular research scaff, As much as 10 percant
of the total may, if desired, be reported as "Not
distributad by State.”’
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witem 11 ~ Reseorch and Develepment by Functional
Coregory

Energy Reswarch and Development ~ Include ali R&D
spending  whose purpose s to  increase energy
resources or capabilities, including the development
of energy equipment, Some R&D spending 15 for toint
o multiple purposes. In these instances, estimate
and report the poruon of cost tncurred due fo the
energy purpose. Energy R&D can include costs of
R&D projects (both product and process) on explora-
tion, extraction, traisportation, processing, storage,
generation (including conversion), distribution, con-
servation, etc., of present, new, or improved forms of
energy. Record energy R&D spending according to
type of energy. .
Coal R&D activities are to be assigned into three
sub-categories. ""Synthetic fuels'’ includes programs
designed to convert coal to gaseous and hiquid
products.  “'Mining'’ 1s composed of programs for
developing equipment and techniques to 1mprove the
productivity and recovery rates of coal mining.

"Consarvation and Utitizotion'’ includes R&D activi-
ties undertaken to reduce consumption erther at the
point of energy use or in the transmission, transporta-
tion, storage, and conversion of energy. ‘Examples of
such are R&AD undertaken primarily to reduce fuel
consumption 1 manufacturing, to  improve the
efficiency of transportation of energy products, or to
produce an end product which s more efficient in
energy consumption.

“All other energy'’' includes areas such as wind,
waste, hydroelectric, etc. Also inciude in this cate-
gory. (F), the development of energy equipment which
cannot be readily classified in A to E. f the energy
source 15 waste or any other area with poliution
abatament aspects, consider carefully whether one of
the purposes of the project s pollution abatemant,

in a limited number of cases, the separation of joint
(multiple} costs which is encouraged in the preceding
paragraph may not be feasible, In tus circumstance,
include total project cost if the primary purpose of a
project is energy R&D: do not inciude any of project
cost if the primary purpose of the project is othar than
energy R&D,

Peiiution Abatement Research ond Development —
Poliution abatement RAD spending for the purpose
of reducing or eliminating the emission of pollutants,
As used here, abatement includes prevention, treat-
ment, or recycling, pollution refers 1o the emission
of pollutants ro the outside of a firm's (or house
hold’s) property or activities. Do not include R&D
spanding (o conwribute Lo environmenta! sesthetics, to
increase eQuipment durability in corrosive environ-
ments, to conserve energy (include as enargy R&D)
and natural ' resouwces, or incresse employee
comfort, safety, and healith,

There can be two types of poliution abatement R&D
spending, in some cases, the only purpose of the
R&D spending is pollution abatemant, Examples are
spending on projects to improve or design alternatives
10 electrostatic pracipitators, wet scrubber systems,
waste treatment systems, effiuent monitoring davices,
eic, In such cases, include the total expenditures on
the R&D project, in other cases, pollution abatement

1s one of severa! purposes, Examples are spending on
projects to improve production processes or products
and simultaneously reduce the emission of poilutants,
Pollution abatement purposes could also be combined
with other types of environmental control purposes
such as energy conservation or employee safety and
health. in all these nstances, estimate and report
enly the portion of cost incurred due to the pollusion
abatement purpose,

In a limited number of cases, the separation of joint
costs which 15 encouraged in the preceding paragraph
may not be feasible. In this circumstance, do not
mciude any of project cost unless the primary purpose
of the projectis pollution abatement. When the primary
purpose is poliution abatemens, inciude the total pro-
ject COSt in your answer,

Do not include any of project cost as being for pollw
tion abatement if expected pollution abarement bene-
fits are incidental,  incidental benefits ae those
obtained at no extra cost.

Show R&D spending according to the form of pollution
being abated. For example, ''air’" has three sub-
categories, automotive emissions, electric power
piant emissions, and all gther, are included undes
s Automotive emissions includes all R&D
efforts undertaken to reduce exhaust emissions from
automobiies, Electric powerplant emissions includes
efforts directed toward reducing mir-borne emissions
from electric power plants.  All other includes
efforts directed ag removing sulfer oxide, nitrogen
oxides and particulates, and other fossii-fuel
potiutants from the atmoshpere. Water should include
R&D spending on water recircuiation or thermal
poliution abatement, R&D spending on waste
compacting  devices should be included under
“‘solid waste,” and R&D spending on noise and
radistion pollution abatement should be included
under “other.’”

P Section 1l - RESEARCH AND DEVELOPMENT PER.
FORMED OQUTSIDE THE COMPANY - {R&D net
included in item §) . ‘

Ritem 12 ~ Total Campeny Funds
ond Develepment Activities Performed Outside the
Compeny Withis the United Stotes -~ Report the
amount of company funds spent for research and
development performed outside of the company within
the United States, This item includes contracts to
outside organizations, but specifically excludes
subcontracting of Fedeal Government oF other com-
pany contracts.

Sitem 13 - Tota! Company Funds Spant for Reseerch
and Development Activitios bz Fwtr
epart the

Spent for Research

Affilistes Outside the United States —
ount of research and development finsnced dy the
.S. parent of its foregin affijiates performed in R&D
iaboratories, branch plants, divisions, and subsidi-
srias locatad outside the United States,

N

This item excludes RAD sctivities performad in-—""

foreign xffiliates financed by foreign governmants or
other outside organizations.

NOTE: Foreign affiliates ze those oussids the 50
States or the District of Columbia,
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10, Rubder and misceitaneous plastics products 300
11. Stone, clay, glass, and concrets products 8329
1. Pomary ferrous products i §13%
3% Prunsy and secondary aonferous metsis 3y
{ 14, Fadiicated metal products (30 ] -
15, Engines anxt turdinas Hu
16, Farm machinery and equipwent §152
17. Construction, mising, st mateclals Randling machinery ,
LI Mgl iwarking machionty sné egnipmunt -
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19, Dffice. CoMpUtIRE. A 4CCOUMINg Machines sasr | x 1
| 29. Other mactinery, excest siactrical £159 X
21, Etectid transanssron and distibution equipmen! %3
A2, Eisctrical ndestnal apopdratus %2
{
1. Kadio dnd twievision recmving seis,
EILHPY COMMUNICatISN typRs NS
4. Eiectionic conponents and acCessonies.
| __SOommunications equipment $36
18, Omer erectiical machinery equipment and supplies 1313 ]
2%, Missiies 8197
4 27. Space vehcles 19 .
28, Aurcraft and parts 8372 )
i 2 Motor venicies and equipment 83171
10, Other ttansportation squipment (314 ]
31, Professiondi and screntific instruments GJL
32 Ordnance except missiies 6199
{ 11, Qther - Spwc ity
[ 3
9%
14, TOTAL APPLIED RESEARCN AND DEVELOPMENT COSTS
(Same 43 1% 54, 1in0 3, Columns 1, 2, 80 §} comee——— | §999 {§ $ S ]
F ftem 10 ~ COST OF RESEARCH AND DEVELOPMENT FENFORMED WITHIN THE CONPANY, BY STATE
Wers 2ii of the resaarch and dovelopment costs reperted In item SC, columm ¢, 84 this B .
form for 1577 performad in tha State Sisted in the addvass Black (itm 1) of this term? . . [ Yes L
1 °No." st the home State and any other Stales i which the vasious ressarch s
deveicpment iadoratortes of faciiities are located, and estimate the costs associated
with each State. If necessary. you may 1eport up 10 10 percent of your total as ‘Not
drstr duted dy State.”
State Thousends of coliars
Afiach an additional shee! if necessary) tn 193¢ 1977 -
R Fodora! | 1] Yol | 2] Feverat [ 3] Totst |
'
o A_' e _ e _%V____qk i s ‘ s :
b _.~ et e e n
& . 7N
D. n
- £(._ 71 "
L _F. R A 73
S — n
| N 7
—_— - —t
i. n
3. n
X 1 )
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2
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P TOTAL COITS (Same 00 N 5O, 3t RV i i ] 1109 | B | ; 1Y
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them 11 — RESEARCN ANO O
FOR RESEANCH ANO

EVELOPMENT BY FUNCTIONAL CATEGORY
DEVELOPMENT, columns 2 anl 4, rpert tho foliswing Amction

(OF e nant

raperted in itom 5C, COBTS OR RECEIPTS
! catogeries.)

v‘, e NV

.~ EMERGY RESEARCH AND DEVELOPMEK |

Thousands of doliars

RESER RO anb DEVELOP

MENT PEREQRMEL DUTSI

inClude the D0 ect cost o postion of progect
LOT Curndd For the purpose of acreasing 4y 1 183 b2 I
. SONERY RROLTCES OF CapAtIttias, Incliude P Y
3o cast By 7 of ey, {en {.L ) 1-9« Ls. Totat E
, y Federal " 1-  TYetat Federai Tetal - prafected
H ONore, ' pledase mark “309% funds finds fumgs funds ":““
A _Total nuclear : soto }§ 3 § § i )
_1 Fissior — $013 i
o A Fumin 1012
. B Tolifossiitvers 1o
b -.‘H_—;-&Ef! - - e — ml
-2 Cas $022
5 3. Snate e e 8023
4. Coat $024
e e e e e}
o 2. Syathetic fuels §028
e B Mg . Lok
L S Allomer 8027 7 '
L .. 5. Other fossi fuels _ 1028
b €. Geothermai $030
D. Solar M‘
... _E. Conservation ang utihization $080
F. All other energy 3060
G. Total of A teaugh F i 8099 i§ $ ) 5 §
POLLUTION ABATEMENT RESEANCN AND ¥ Thousands of doNars .
DEVELOPMENT - include the project cost oF
p?mon of the project cost incurred for the purpose 9% 1877 1973
of designing poilution adatement products of woaduct
characte:stics or of desgming potiution abatgment 3 #3 E E LS_‘ 1_‘1 l_i
featyres 1Nt processes. include cost By form of . ) . Total
poliution to be abated Fadera! Toltal Federal Totai jocted
, funds funds funds funds we
it None, pléease mark 819% , . cests
| MA $110 ;§ 3 3 $ §
1. Automotive emission [T
2. Electric power plant emissions 2
2. At ofter J113
Lt Water 3y PO
b —— _J‘. ,s_‘i.@q*.‘._‘g. —— e - 'm
K. Other - 108 '
i . «

DE THE DOMESTIC COMPANY

/.

9 wamn@-
ERIC-

N ot LR N - R LIS IR
{tem 12 ~ TOTAL COMPANY FUNDS SPENT FOR RESEARCH AND DEVELOPMENT Thousands of doltars
ACTIVITIES PERFORMED OUTSIDE THNE COMPANY WITNIN TNE : e -
UNITED STATES . s |1 |2
. 11 ''None."* please mark D %0013
_ : 001 $
’ item 13 - TOTAL COMPANY FUNDS SPENT FOR RESEARCH AND OEVELOPMENT Thousands of doliars
ACTIVITIES PERFORMED BY FOREIGN AFFILIATES OUTSIDE THE 1en
UNITED STATES , 1878 1} 1977 |2
it "None."" piease mark D 711603 e |8 ;
£
Ronaks ~ Attnch adiitional sbent if nacessary
€
- J
Name of persan 10 Contact regarding this report | Addiass ~ Number and etres, city, Stale, Z/P code ) Tolephone
. Area code | Number Extansion
1 % 'y
R0l cowmas by tus raport o 1 From ~ MiRleRyiyen . T T Monini ey yemr
1 camndar year 7] Fiscal yoar ~ Specity -—-—p: 4 :
_CERTIFICATION. — This raport is substantiatly accurate snd has oegn prepared in accordance with instructions.
e af company . s o ] Mdrass ~ Nomoar ant aireal, cily, State, ZiF vede
| Smmebne ot mithorized oficial o
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DUE DATE: 15DAYS AFTER RECEIPT OF FORM,

Form Approved: Q.M.B, No. 41-R {88

W

P GENERAL INSTRUCTIONS

A report shouid be fried by mach company receiving

& copy of this form, |f your company does not con-
duct resaarch and develcpmans, 5o state in remarks,
fiif v terhs 1a and Ib, sign, and return the form.
I you have questions regarding reporting problems
on ‘this form, please write to the Bureau of the
Cansus, industry Division, Washingron, D.C. 20233,

Report for your eatire company ~ Research apd

deveiopment activities for
company should be reported.

your entire domestic

Peried covered by report — The cost figure reported
shouid cover the calendar year f at all possible,
Nowever, fiscal year data are acceptabdle, prov:ded

P SPECIFIC INSTRUCTIONS BY ITEM

Hom 'l - Seles ond Empleyment for Company. In
item la, report the net bithings of ths company
and its subsidiaries o customers outside the
company. (Exclude domestic intra~company trans-
fers and sales by foreign subsidiaries. Include
the transfers to such foreign subsidiaries, how-
ever.) In item ib, report the number of persons
empioyed dy the company in all activities in the
50 States and the District of Columbia during the
pay penod wh oh includes the |2th of Mareh 1977,

«Ms tigure would be the same as that shown by
the company in item {4 of Treasury Form 94/, if the
company filed ane form 94§ for the entire company.

rome MA-121

AR XA

V.S DEFARTMENT OF COMMERSE
BURKAL OF TNE CENEUS

PUPOSES.
from laga! process.

NOTICE - Response to this inquiry is required by imw (ritie 13, U.S.
By the same law, your report (o the Census Bucsay is confidantinl.
teen only by sworn Cansus employees and may be used only for scatistic
The law aiso provides that copias retained in your filas we nman

it may ~

COMPANY SUMMARY OF
RESEARCH AND DEVELOPMENT

1977

—
Sureau of the Census
'ATTN: industry Division
waphingmg,_ﬂ.‘z. 20233

Please complete and retwn this form n the
return Envelope noc later than {§ days after
you receive it, Companies with no resmarch
and developmen! expenditures should so state
in the ““Remarks’" section, 11l in ems la
and 1d, sign, and return the form,

e

ETURN YO

(Please correct any emor In name and acdress inclwiing 21P code) Group |Surve

4 |90t

PLEASE RETURN THIS COPY

N

-

your fiscai year ends betwesn September and March, PLEASE READ INSTYRUCTIONS ON REVERSE SIDE BEFORE COMPLETING YOUR REPORT ]
item 2- Show ali costs incurred within the company item 1 — SALES AND EMPFLOYMENT FOR COMPANY C.T.3 | [Thousands of dollars)
for wages, and salaries, direct material costs, .
P DEFINITION OF RESEARCH AND DEVELOPMENT services and supporung costs, and an appropriate o, Net saies and receipts of this company and its subsidiaries during 1977 X001 |S$
Research-devetopment includes basic ang applied share of company overhead to conduct resaarch and b. Number of employees in ﬂﬂ_s company in all activities in {Number)
h | development activits the SO States and the District of Columbia during the pay
research inthe sciences (including medicine) and in Lt i period which includes the 12th of March 1977 2002
engineering. and design and development of proto-
types. products, and processes. It does not include Under Federal funds, nclude research and develop- i ’97L .
Quality control, routine product testing, market ment 1N procurement is well as research and C.7.2 (, gueenda of &g ;HL T
. research, sales promotion, sales service. research development contracts and research and deveiop- o Feadera! L -ng?mzun};_' .{g::}i
tn the social scences or psychoidbgy. o other ment subcontracts. Exclude research and develop- Itam 2 — COST OR RECEIPYS FOR RESEARCH funds excupt Federal |columns T and
nontechnological activities or technicai services. ment subcontractad to others. AND DEVELOPMENT PERFORMED WITHIN }
N THE COMPANY DURING 1977 3599 |S $ $
Remarks (Continued) Remarks
4 . . ‘
R , Neme of person to contact reganding this report Address {W and street, cily, Sate, JIP code) :I:-nuw. ‘“{Aﬂ“ '&%

o s

CERTIFICATION ~ This report is substantially sccurnie and has besn prapared in Sccordance with instructions,

Neme of company '

§umtwc of authorized official Title

Data
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