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INTRODUCTION

This report is the second of two publications pro-
duced from the 1993 Survey of Industrial Research
and Development. The firgt, a Data Brief announcing
the availability of survey results, contains analytical
information and highlights the increasing share of
R&D performed by nonmanufacturing industries.
This report, the Detailed Statistical Tables report,
contains the full set of statistics produced from the
survey. Both publications provide statistics on
research and development (R& D) funding for the
years 1983-93 and on R&D personnd for the period
from January 1984 to January 1994.

This report provides national estimates of the
expenditures on R&D performed within the United
States by industria firms, whether U.S. or foreign
owned. Among the gtatistics are estimates of total
R&D, the portion of the total financed by U.S. Gov-
ernment funds, and the portion financed by the
companies themselves (or by other non-Federa
sources such as State and local governments or other
industrial firms under contracts or subcontracts).
Total R&D is aso separated into its character-of-work
components. basic research, applied research, and
development. Other R&D datistics include those of
the funds for R&D financed by a domestic firm but
performed outside the United States, R& D contracted
to organizations outside of firm, and the funds spent
to perform energy-related R&D. This report aso
provides statistics on R& D-performing companies,
including domestic net sales, number of employees,
number of R& D-performing scientists and engineers,
and cost per R&D scientist and engineer.

The Survey of Industrial Research and Development
is a sample survey that intends to include or represent
al for-profit, nonfarm R& D-performing companies,
either publicly or privately held. The survey’s pri-
mary focusis on U.S. industry as a performer of,
rather than as a source of fundsfor, R&D. Thus, data
on Federa support of R&D activities performed by
industry are collected and resulting statistics appear in
severa tables, but statistics on industrial funding of
R&D undertaken at universities and colleges and
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other nonprofit organizations are not collected and
therefore are not included in the tables. !

Industry statistics are developed from data col-
lected from individual companies or enterprises.
Since the survey is enterprise based rather than
establishment based, all data collected for the various
subparts of each enterprise (plants, divisions, or
subdivisions) are tabulated in the major standard
industrial classification (SIC) of the company. The
resulting industry estimates are reported using the
SIC of the companies within each industry. National
totals are estimated by summing the industry esti-
mates.

All companies that spend more than $1 million
annualy on R&D in the United States or have 1,000
or more employees receive a survey questionnaire
every year. Remaining firms are subjected to prob-
ability sampling and may or may not receive a
questionnaire for a given survey year. Among the
organizations purposely excluded from the survey are
trade associations and not-for-profit consortia.
Although their primary mission is to serve industry,
these associations are established as nonprofit
organizations.

Respondents receive detailed definitions to help
them determine which expenses to include or exclude
from the R& D data they provide. Nevertheless, the
statistics presented in this report are subject to
response and concept errors caused by different
respondent interpretations of the definitions of R&D
activities and by variations in company accounting
procedures. Consequently, the statistics are better
indicators of changes in, rather than absolute levels
of, R&D spending and personndl.

! Data on R&D performed at universities and colleges are
collected in the annual Survey of Scientific and Engineering
Expenditures at Universities and Colleges. Resumption of a
survey of other nonprofit organizations, discontinued in the mid-
1970s, is planned. More information about these surveys is
available from NSF's Research and Development Statistics
Program in the Division of Science Resources Studies at the
address given in General Notes, preceding section A.



The National Science Foundation (NSF) has spon-
sored a survey of industrial R&D since 1953. The
two surveys covering the 1953-56 period were
conducted by the Bureau of Labor Statistics (BLS),
U.S. Department of Labor.2 Since 1957, the Bureau
of the Census has conducted the survey. > NSF's
Divison of Science Resources Studies sponsors and
monitors the survey.

The content of the survey has been expanded and
refined over the years in response to an increasing
need by policymakers for more detailed information
on the Nation's R& D effort. For example, questions
on energy R&D were added in the early seventies,
following the first oil-shortage crisis. On the other
hand, the frequency of collection of certain data items
has been reduced in recent years in an attempt to
aleviate some of the respondent burden that has been
placed on industry from all sources. For large firms
known to perform R&D, a detailed questionnaire,
Form RD-1L, is used to collect data for odd-numbered
years and an abbreviated version, Form RD-1S, is
used to collect data for even-numbered years. To
further limit reporting burden on small R& D perform-
ers and on firms that are included in the sample for
the first time, an even more abbreviated form, Form

2 See National Science Foundation, Science and Engineering
in American Industry: Final Report on a 1953-54 Survey (NSF
56-16) and Science and Engineering in American Industry: 1956
(NSF 59-50) (Washington, DC: Supt. of Documents, GPO, 1956
and 1960).

3 Data obtained in the earlier BLS surveys are not directly
comparable with Census figures because of methodological and
other differences.
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RD-1A, which collects only the most crucia data, is
used each year. This report provides data collected
from the Forms RD-1L and RD-1A.

Several changes have been made to the survey
recently that are of special importance to users of this
report. Prior to the 1992 survey, statistics were based
on samples selected at irregular intervals (i.e., 1967,
1971, 1976, 1981, 1987). In intervening years a
subset of the last sample (called a panel) was used.
The most recent sample prior to the 1992 survey was
selected and first used for survey year 1987. Esti-
mates for 1988 through 1991 were based on surveys
of the pandl of companies that reported R& D activity
in the 1987 survey. Beginning with the 1992 survey,
dtatistics are based on samples selected annually.
Also, beginning with the 1992 survey, the sample size
was increased from approximately 14,000 to nearly
23,400 firms. This increase was made for severd
reasons. (1) to account better for births of R&D-
performing establishments in the survey universe, (2)
to survey more fully and accurately R& D performed
by nonmanufacturing firms (especialy in the service
sector and by small firmsin al industries), and (3) to
gather more current information about potential R& D
performers.



SURVEY M ETHODOLOGY *

REPORTING UNIT

The reporting unit for the Survey of Industrial
Research and Development is the enterprise, or
company, defined as a business organization of one or
more establishments under common ownership or
control. The survey includes two groups of enter-
prises. (1) companies known to conduct R&D and (2)
a sample representation of companies for which
information on the extent of R& D activity is uncer-
tain.

FrRaME CREATION

The Standard Statistical Establishment List (SSEL),
a Bureau of the Census compilation that contains in-
formation on more than 3 million establishments with
paid employees, was the universe from which the
frame used to select the 1993 survey sample was cre-
ated (see table B-1 for universe and sample sizes).

For companies with more than one establishment,
data were summed to the company level. The firm
was then assigned a single standard industrial classifi-
cation (SIC) code based on the activity of the
establishment(s) having the highest dollar value of
payroll. This assignment was done on a hierarchical
basis. The enterprise was first assigned to the eco-
nomic divison (manufacturing or nonmanufacturing)
with the highest payroll, then to the two-digit SIC
code with the highest payroll within the assigned divi-
sion, then to the three-digit SIC code with the highest
payroll within the assigned two-digit industry.

The frame from which the survey sample was
drawn included al for-profit companies classified in
nonfarm industries. For surveys prior to 1992, the
frame was limited to companies above certain size
criteria based on number of employees. ® These
criteria varied by industry. Also, some industries

4 Information for this section was provided by the Manufac-
turing and Construction Division of the Bureau of the Census,
the collecting and compiling agent for the National Science
Foundation. Copies of the technical papers cited can be obtained
by contacting NSF's Research and Development Statistics
Program in the Division of Science Resources Studies at the
address given in General Notes, preceding section A.

5 See the Bureau of the Census technical memorandum
entitled Evaluation of Total Employment Cut-Offs in the Survey
of Industrial Research and Development, Nov. 3, 1994.

were excluded from the frame because it was believed
that these industries contributed little or no R&D
activity to the final survey estimates. For the 1992
sample, new industries were added to the frame ¢ and
the size criteria were lowered considerably and
applied uniformly to firmsin al industries. Asa
result, nearly 2 million enterprises with five or more
employees were given a chance of sdlection. For
comparison, the frame for the 1987 sample included
154,000 companies of specified sizes and industries.
The frame used to select the 1993 sample is compa-
rable with the 1992 frame.

External information about the likelihood that a
company conducted R& D was used to identify nearly
10,000 companies that were included in the survey
sample with certainty. Sources included the 1992
survey, directories that include company information
on R&D reported to the Securities and Exchange
Commission, commercially available directories of
R&D performing companies, Department of Defense
directories of contracts awarded for R& D, and various
publications and newdetters that highlight firms
conducting R&D. In addition, all companies in the
frame with 1,000 employees or more were selected
with certainty.

SAMPLE SELECTION

Probability Proportionate to Size

As with most types of economic surveys, the
sample was selected using probabilities proportionate
to size. That is, large companies had a higher prob-
ability of sdlection than did small companies. For this
survey, it would have been idedl if company size
could have been determined by the amount of R&D
expenditures. Unfortunately, except for the com-
panies that were in a previous survey or for which
there was information from external sources, it was
impossible to know the R& D expenditure vaues for
firms in the universe. Consequently, most compa:
nies R&D expenditures had to be estimated, with the
probability of selection based on those estimated
values.

Since total employment was known for each com-
pany in the universe, it was possible to use an already-

® These industries are listed and discussed under Compara-
bility of Statistics, later in this section.



Table B-1: Number of companies in the universe and selected for the sample: 1993
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1993 Survey

Companies reporting
R&D expenditures for 1993 3/

Companies

Industry SIC code Companies reporting zero
in R&D expenditures
universe Companies Noncertainties 1/ Certainties 2/ Greater than Less than for 1993
selected for or equal to $1 million
1993 sample $1 million
TOtAl e e 1,797,290 24,064 11,838 12,226 2,792 3,637 13,426
MANUFACTURING
TOtAl e e 196,736 15,105 8,090 7,015 2,118 3,111 7,164
Distribution by industry:

Food, kindred, and tobacco products 20,21 10,308 627 268 359 80 165 286
Textiles and apparel 22,23 16,685 1,084 532 552 54 116 649
Lumber, wood products, and furniture...............ccccceeuee. 24,25 22,969 1,795 1,255 540 26 207 1,210
Paper and allied products 26 3,239 409 248 161 51 55 244
Chemicals and allied products.... 28 5,237 583 150 433 255 186 91
Industrial chemicals 281-82,286 902 116 22 94 75 13 16
Drugs and medicines 283 795 133 10 123 89 26 11
Other chemicals 284-85,287-89 3,540 334 118 216 91 147 64
Oil and Gas EXtraction.........c..cccceeveieeiiieccnniineicnceene 13 5,734 149 73 76 12 13 102
Petroleum refining and related industries....................... 29 640 132 33 99 19 36 55
Rubber products 30 8,564 503 223 280 91 143 191
Stone, clay, and glass products 32 7,328 817 561 256 39 128 486
Primary metals 33 3,869 793 431 362 61 140 478
Ferrous metals and products.... 331-32,3398-99 2,022 346 192 154 30 74 195
Nonferrous metals and products 333-36 1,847 447 239 208 31 66 283
Fabricated metal products...........ccccevivieiiiiinciniiens 34 21,381 1,916 1,458 458 112 350 1,084
MaCRhINETY......eiuiiiiiiiitirietee e 35 30,482 1,888 937 951 425 577 580
Office, computing, and accounting machines. 357 1,248 413 205 208 166 78 66
Other machinery, except electrical 351-56,358-59 29,234 1,475 732 743 259 499 514
Electrical equipment 36 9,263 1,640 690 950 403 477 449
Radio and TV receiving equipment.... 365 407 111 62 49 10 25 53
Communication equipment.... 366 1,028 344 115 229 121 120 39
Electronic components. 367 3,776 388 108 280 143 101 84
Other electrical equipment............cccovieeiiniiencnces 361-64,369 4,052 797 405 392 129 231 273
Transportation equipment...........oceeeiiiiiiiiiiniieeieees 37 5,724 546 255 291 100 124 217
Motor vehicles and motor vehicles equipment... 371 2,602 123 23 100 45 32 30
Other transportation equipment 373-75,379 2,077 354 225 129 16 79 178
Aircraft and missiles 372,376 1,045 69 7 62 39 13 9

See explanatory information and SOURCE at end of table.



Table B-1: Number of companies in the universe and selected for the sample: 1993

Page 2 of 2

1993 Survey

Companies reporting
R&D expenditures for 1993 3/

Companies

Industry SIC code Companies reporting zero
in R&D expenditures
universe Companies Noncertainties 1/ Certainties 2/ Greater than Less than for 1993
selected for or equal to $1 million
1993 sample $1 million
Professional and scientific instruments......................... 38 5,905 767 161 606 319 212 117
Scientific and mechanical measuring instruments.. 381-82 2,937 347 46 301 169 113 27
Optical, surgical, photographic, and other
instruments 384-87 2,968 420 115 305 150 99 90
Other manufacturing industries...........cccoooooeiineninninne. 27,31,39 39,408 1,456 815 641 71 182 925
NONMANUFACTURING
TOtAL et e 1,600,554 8,959 3,748 5,211 674 526 6,262
Communication SErVICES..........ccccueeeeecuereeeeceeeeeeeeeeeennnd 48 7,660 71 6 65 18 5 36
Electric, gas, and sanitary services............cccooeeveennnnes 49 3,280 175 1 164 45 52 60
Computer programming, data processing,
other computer-related engineering,
architectural, and surveying services 737,871 35,115 684 300 384 177 87 314
Hospitals and medical and dental
laboratories 806-07 5,809 630 220 410 18 19 500
Research, development, and testing services 873 4,694 181 7 174 115 22 26
Other nonmanufacturing industries............ccoceoenenin 07-10,12-17, 1,543,996 7,218 3,204 4,014 301 341 5,326
40-42,44-47
50-59,60-65,
67,701,73 (ex-
cept 737),75-76
78-79,80-81,
(except 806 and
807),83-84,87
(except 871 and)
873),89

1/ Noncertainties were companies for which probability of selection was less than one.
2/ Certainties were companies for which probability of selection was one. This included companies

for which 1992 R&D expenditures were equal to or greater than $1 million, or 1992 employment

was equal to or greater than 1,000, or were selected in order to provide estimates of sufficient accuracy.
3/ This included RD-1L companies for which total R&D expenditure data were imputed.

SOURCE: National Science Foundation/SRS, Survey of Industrial Research and Development: 1993



observed relationship between employment and R&D
to estimate R& D expenditure values for companies in
the frame. This was the same strategy employed in
the 1981 and 1987 sampling operations. For 1993
sampling, data collected in the 1992 survey were used
to derive this relationship separately for single-unit
companies and multiestablishment companies. The
effect in all cases was to give firms with a large
number of employees higher probability of selection
since it was assumed that large companies were more
likely to perform R&D and that the amount of R&D
was proportionate to the size of the company.

Sample Stratification and Relative

Standard Error Constraints

Even though the particular sample selected was
one of alarge number of the same type and size that
by chance might have been selected, Statistics result-
ing from the different samples would differ somewhat
from each other. These differences are represented by
estimates of sampling error—the smaller the sampling
error, the more precise the statistic.

Asacontrol of sampling error in the statistics
resulting from this survey, parameters were specified
to alocate the sample across various levels, or strata,
that corresponded to industry groupings. These
parameters permitted the sample size to be varied to
achieve a desired level of sampling error for each
stratum and were assigned so that estimated errors of
total R& D for industries in these strata did not exceed
certain levels. Sample sizes among the strata were
only constrained by the limit placed on the tota
sample size dictated by the available budget.

For sample selections prior to 1992, the strata
designations were the published industry categories.
The sample was allocated across these industry
categories to provide high, medium, and low levels of
precison. For the 1992 sample, the criteria for this
allocation were modified. For gathering information
to review and evaluate the appropriateness of the
published industry groupings, the allocation of the
sample was controlled for levels of industry detail
below those traditionally published. The result was
that the frame was partitioned into 95 manufacturing
industry strata and 25 nonmanufacturing strata. This
stratification was used for the 1993 sample.
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Each industry was allocated to one of three
groups. The first group was formulated to anayze the
distribution of datain manufacturing industries. In
this group, each three-digit manufacturing industry
was considered a separate stratum. The second group
was formulated to improve coverage and to identify
emerging industries. In this group, selected two-digit
and three-digit nonmanufacturing industries each
were considered a separate stratum. The industries
were identified as those for which statistics had been
published previoudy and those with high concentra-
tions of scientists and engineers as reported in occu-
pationa surveys. The third group was alarge stratum
of companies in nonmanufacturing industries that had
not been included in previous sampling frames or for
which there was little indication of R&D activity.

Once the strata were defined, the following criteria
were used to achieve the target sampling error for
total R&D:

»  Sampling error not to exceed 2 percent for 44
three-digit manufacturing industries that con-
tribute to a current publication level below
the two-digit industry level and for 15 three-
digit nonmanufacturing industries that repre-
sent a current publication level or for which
there is a high concentration of scientists or
engineers.

» Sampling error not to exceed 5 percent for 51
three-digit manufacturing industries that are
part of currently published two-digit or
aggregations of two-digit industries; 9 two-
digit nonmanufacturing industries for which
R&D activity was likely, and 1 stratum of
remaining nonmanufacturing industries for
which there was little prior indication of
R&D activity.

Based on the desired precision represented by
these sampling error estimates, the criteria suggested
atotal sample size of approximately 23,000.

A limitation of the sample allocation process
should be noted. Sampling errors were controlled by
using a universe total that, in large part, was impro-
vised. That is, as previoudy noted, an R&D value
was assigned to every company in the frame, even



though many of these companies actualy may not
have had R& D expenditures. The value assigned was
imputed for the majority of companies in the frame,
and, as a conseguence, the estimated universe and the
distribution of individual company values did not
necessarily reflect the true distribution. Estimates of
sampling variability were nevertheless based on this
distribution. The presumption was—and this had been
confirmed using the previous sample selection—that
actual variation in the sample design would be less
than that estimated, because many of the sasmpled
companies have true R& D vaues of zero, not the
widely varying values that were imputed using total
employment as a predictor of R&D. Thus, the 2-
percent and 5-percent error levels described earlier are
conservative. (Seetable B-2 for alist by industry of
the actual standard error estimates for selected items.)

In addition to sampling error, the estimates are
subject to nonsampling error. Errors are grouped into
five categories. specification, coverage, response,
nonresponse, and processing. For detailed discussions
on the sources, control, and measurement of each of
these types of error, see the technical reports. *

Sample Size and Weighting

The sample was selected with a target sample size of
23,000 and with other parameters set to ensure compli-
ance with the standard error constraints. An actual
sample of 24,064 was selected. The actual sample size
differed from the target for two reasons. First, the
sample frame was subjected to independent sampling.
Each company in the frame had an independent chance
of selection based on its assigned probability; i.e.,
selection of a company was completely independent of
the selection of any other company. In independent
sampling, sample size itsalf is a random variable.
Theoreticaly, a sample of size zero or a sample the
Size of the entire universe is possible, but the prob-
abilities of these extremes are so small that these are
nearly impossible situations. The actual sample sizeis
usually quite close to the specified size. If thereis too
much deviation, the selection is smply executed again.

“U.s. Department of Commerce, Bureau of the Census,
Documentation of Nonsampling Issues in the Survey of Industrial
Research and Development, RR94/03 (Washington, DC, Sept.
1994) and U.S. Department of Commerce, Bureau of the Census,
A Study of Processing Errors in the Survey of Industrial Research
and Development, ESM D-9403 (Washington, DC, Sept. 1994).

Second, a minimum probability rule was imposed.
As noted earlier, probabilities of selection proportion-
ate to size are assigned to each company, where size is
the imputed R& D value assigned each company.
Selected companies that report actual R& D expendi-
tures vastly larger than their assigned values can have
adverse effects on the statistics, which are based on
the weighted value of survey responses. 8 So that the
effects on the final statistics would be lessened, the
maximum weight a company could assume was
arbitrarily controlled by specifying the probability of
the company’s selection. If the probahility, based on
company size, was less than the arbitrarily set mini-
mum, then the probability was set equal to the mini-
mum value. The consequence of raising these origina
probabilities to the minimum probability was to raise
the expected sample size. It islikely that most of the
difference between the size of the target sample and
the actually selected sample was because of this rule.

Third, between the time that the frame was created
and the survey was prepared for mailing, the opera-
tional status of some companies changed—that is,
they were merged with or acquired by another com-
pany, or they were no longer in business. Before
preparation of the survey for mailing, the operational
status is updated to identify these changes. Asa
result, the number of companies mailed a survey form
is somewhat smaller than the number of companies
initially selected for the survey.

SURVEY QUESTIONNAIRES

Two questionnaires are used each year to collect
data for the survey. For large firms known to perform
R& D, a detailed questionnaire, Form RD-1L, is used
to collect data for odd-numbered years and an abbre-
viated version, Form RD-1S, is used to collect data for
even-numbered years. The questionnaires are cycled
in this manner to reduce reporting burden on survey
respondents.

The Form RD-1L requests data on sales or receipts,
total employment, employment of scientists and engi-
neers, expenditures for R&D performed within the
company with Federal funds and with company and

8 The weight given to a company selected for the survey is
the inverse of its probability of selection. Companies selected for
the sample with certainty (see Frame Creation earlier in this sec-
tion) represented only themselves, and each had a weight of 1.0.



Table B-2. Relative standard error of estimate (percentage) for selected items,

by industry and size of company: 1993

Page 1 0f 2
Number of R&D- Domestic net Domestic Number of FTE Total Company and
Industry SIC code performing sales of employment of scientists and R&D other funds for
companies R&D performers R&D performers engineers R&D
6,429 0.8 0.7 28 27 32
Food, kindred, and tobacco products....................... 20,21 245 0.7 1.7 49 1.1 1.1
Textiles and apparel 22,23 170 59 24 6.4 34 3.6
Lumber, wood products, and furniture..................... 24,25 233 1.8 2.6 328 2.0 2.0
Paper and allied product: 26 106 1.6 20 20 29 3.0
Chemicals and allied products............cccvveecein 28 441 0.7 1.1 37 3.3 3.6
Industrial chemical 281-82,286 88 0.7 0.7 0.5 0.2 0.2
Drugs and medicine: 283 115 1.1 21 72 6.5 6.5
Other chemicall 284-85,287-89 238 1.8 29 3.1 14 14
Petroleum refining and extraction...............c.cccccc.e.. 13,29 80 0.1 0.3 0.3 0.3 0.3
Rubber product 30 234 6.5 54 4.8 41 41
Stone, clay, and glass products...............ccccccuinc 32 167 1.2 1.6 2.1 1.5 1.6
Primary metal; 33 201 1.3 14 16.0 11.0 10.6
Ferrous metals and products............cccocverricinennd 331-32,3398-99 104 1.7 1.6 275 14.8 12.4
Nonferrous metals and products...........ccccceeeueneen] 333-36 97 1.6 26 16.0 15.7 15.9
Fabricated metal productt 34 462 1.1 13 32 24 4.2
Machinery. 35 1,002 1.1 1.2 5.1 14 14
Office, computing, and accounting machines. 357 244 0.9 0.7 1.3 1.1 1.1
Other machinery, except electrical........... 351-56,358-59 758 14 1.6 9.8 3.0 3.0
Electrical equipment 36 880 04 0.6 1.6 0.9 1.1
Radio and TV receiving equipment........................ 365 35 4.0 34 7.3 9.0 7.0
Communication equipment............cccoverrcccrcens | 366 241 0.8 1.1 1.0 0.7 0.8
Electronic components............cccovernccncncneninneenn. 367 244 13 20 27 22 24
Other electrical equipment...........cccccoveririeeccnnnn ] 361-64,369 360 0.3 04 4.4 0.5 0.6
Transportation equipment.............ccovierccinenennnnn 37 224 0.7 0.8 0.6 0.2 0.3
Motor vehicles and motor vehicles equipment 371 77 1.0 1.0 0.2 0.0 0.0
Other transportation equipment 373-75,379 95 13 1.8 29 55 6.1
Aircraft and missile: 372,376 52 0.7 14 1.0 04 0.9
Professional and scientific instruments....................] 38 531 1.1 1.7 132 20 27
Scientific and mechanical measuring
instrument: 381-82 282 1.6 23 33 0.9 1.5
Optical, surgical, photographic, and other
instrument: 384-87 249 1.6 25 39.3 45 46
Other manufacturing industries................ccccccei 27,31,39 253 4.7 57 40.7 7.0 7.0
Nonmanufacturing industries.................cccccenninnnns 07-10,12-17, 1,200 2.6 2.0 7.3 10.0 11.8
40-42,44-49,
50-59,60-65,67,
701,73,75-76,
78-79,80-81,
83-85,87,89
Distribution by size of company:
(Based on number of employees)
Total 6,429 0.8 0.7 28 27 32
Fewer than 500 3,924 9.6 6.6 13.1 19.2 20.6
500 to 999 783 23 27 29 20 20
1,000 to 4,999 1,180 0.0 0.1 0.0 0.0 0.0
5,000 to 9,999 237 0.0 0.0 0.0 0.0 0.0
10,000 to 24,999 181 0.0 0.0 0.0 0.0 0.0
25,000 or more. 124 0.0 0.0 0.0 0.0 0.0

See explanatory information and SOURCE at end of table.



Table B-2. Relative standard error of estimate (percentage) for selected items,

by industry and size of company: 1993

Page 2 of 2
Company-financed Company-financed Federal funds Total Total Total
Industry SIC code R&D performed R&D contracted for R&D funds for funds for funds for
outside of U.S. to outside basic research applied research development
organizations
1.0 23 29 28 4.0 39
Food, kindred, and tobacco products. 20,21 0.0 1.0 0.0 4.1 0.5 1.8
Textiles and apparel. 22,23 0.0 1.1 0.5 127 25 6.5
Lumber, wood products, and furniture. 24,25 0.1 17.8 3.8 13.0 33 22
Paper and allied products. 26 0.0 0.2 0.0 7.8 1.2 76
Chemicals and allied products. 28 0.0 0.6 0.3 0.6 10.1 0.3
Industrial chemical 281-82,286 0.0 25 0.0 03 0.2 0.2
Drugs and medicines.... 283 0.1 0.7 31.0 0.8 17.7 0.5
Other chemi 284-85,287-89 0.0 03 0.0 6.5 3.1 15
Petroleum refining and extraction 13,29 0.5 0.5 0.0 0.6 0.0 0.8
Rubber product: 30 0.0 56.0 0.0 12.0 16.0 4.0
Stone, clay, and glass products..... 32 24 37 4.0 4.6 15 1.0
Primary metal 33 23 10.5 473 41 0.8 19.5
Ferrous metals and products. 331-32,3398-99 0.0 13.8 63.3 7.8 21 25.8
Nonferrous metals and products. 333-36 25 04 0.0 37 0.1 281
Fabricated metal products.... 34 04 38.6 0.2 1.2 28 26
Machinery. 35 0.2 3.0 1.0 38 52 0.8
Office, computing, and accounting machines.... 357 0.3 28 1.7 96 35 1.1
Other machinery, except electrical 351-56,358-59 0.3 5.2 11 35 1.4 14
Electrical equipment. 36 0.8 3.0 0.8 45 3.0 1.2
Radio and TV receiving equipment 365 0.0 6.2 67.7 13.0 245 9.6
Communication equipment. 366 26 1.3 16 18.6 6.9 0.8
Electronic components. 367 0.0 1.3 0.0 36 7.0 31
Other electrical equipment 361-64,369 04 26 0.7 34 0.5 0.7
Transportation equipment. 37 0.0 0.5 0.0 1.0 0.7 0.2
Motor vehicles and motor vehicles equipment.. .| 371 0.0 0.5 0.0 11 0.2 0.0
Other transportation equipment.... 373-75,379 30.2 11 0.0 135 10.3 10.9
Aircraft and missile: 372,376 0.0 24 0.0 0.0 1.0 04
Professional and scientific instruments. 38 3.6 394 0.3 11 3.2 22
Scientific and mechanical measuring
instrument: 381-82 0.0 35.6 04 04 3.0 0.1
Optical, surgical, photographic, and other
instrument: 384-87 44 48.6 0.0 1.7 79 5.0
Other manufacturing industries. 27,31,39 0.5 378 4.1 39.7 46 51
Nonmanufacturing industries... 07-10,12-17, 52 21 115 7.0 10.2 14.2
40-42,44-49,
50-59,60-65,67,
701,73,75-76,
78-79,80-81,
83-85,87,89
Distribution by size of company:
(Based on number of employees)
Total 1.0 23 29 28 4.0 39
Fewer than 500 206 154 39.9 9.0 234 354
500 to 999 0.2 28 12 6.1 1.9 27
1,000 to 4,999 0.1 0.0 0.0 0.1 0.0 0.0
5,000 to 9,999 0.0 0.0 0.0 0.0 0.0 0.0
10,000 to 24,999 0.0 0.0 0.0 0.0 0.0 0.0
25,000 or more. 0.0 0.0 0.0 0.0 0.0 0.0

NOTE:

A description of the standard error of estimate is given in section A under "Methodology of Survey."

The percentage (or relative) standard errors in this table may be converted to standard errors of estimate

by multiplying the percentages shown by the associated estimates. For example, the relative standard error

of estimate for R&D performance for all company size groups in the chemicals industry (SIC 28) is shown as
1.4 percent, and the associated total R&D estimate for this industry is shown as $16,711 million in table A-3,

"Total (company and Federal) funds for industrial R&D performance by industry and size of company: 1982-92."

The standard error of estimate, then, is .014 times 16,711 or 234.

SOURCE: National Science Foundation/SRS, Survey of Industrial Research and Development: 1993



other funds, character of work (basic research, applied
research, and development), company-sponsored
R&D expenditures in foreign countries, R&D performed
under contract by others, expenditures for pollution
abatement and energy R&D, detail on R&D by prod-
uct field, Federal R& D support to the firm by con-
tracting agency, domestic R&D expenditures by State,
and foreign R&D by country. The Form RD-1S re-
guests the same information except for the last four
items. Because companies receiving the Forms RD- 1L
and RD-1S generally have participated in previous
surveys, computer imprinted data reported by the
company for the previous year are supplied for refer-
ence. Companies are encouraged to revise or update
this imprinted data if they have more current informa-
tion.

As afurther limit on reporting burden on small
R&D performers and on firms that are included in the
sample for the first time, an even more abbreviated
form is used each year. Form RD-1A collects data
only on R&D, sales, employment, and operational
status and includes a screening item that alows
respondents to indicate that they do not perform R&D.
No prior-year information is available since the
majority of the companies have not reported previ-
oudly.

For the 1993 survey, about 2,300 companies that
reported $1 million or more in R&D spending in the
1992 survey received Form RD-1L and nearly 21,600
received Form RD-1A. Of the 23,900 firms, 6,400
reported R& D expenditures. Both questionnaires and
the ingtructions provided to respondents are repro-
duced in section C, Survey Documents.

FoLLow-UP FOR SURVEY

NONRESPONSE

The 1993 survey questionnaires were mailed in May
1994, and recipients were asked to respond within 60
days. Thirty days later, letters were mailed to all sur-
vey recipients reminding them that their completed
guestionnaire was due within the next 30 days. Cop-
ies of the Form RD-1A and instructions were faxed to
respondents who called a toll-free telephone number
indicated in the follow-up letters. After 60 days, fol-
low-up letters were sent to al nonresponding firms.
Two additional follow-up mailings were made to per-
sistent nonrespondents, after 90 and 120 days.
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In addition to the mailings, telephone follow-up was
used to encourage response from those firms ranked
among the 300 largest R& D performers, based on
total R& D expenditures reported in the previous
survey. Telephone follow-up was also used for these
firms during the initial data edit phase of survey
operations if data items were missing or unclear.
Table B-3 shows the number of companies in each
industry or industry group that received a question-
naire and the percentage that responded to the survey.

IMPUTATION FOR | TEM NONRESPONSE

For various reasons, many firms chose to return the
survey questionnaires with one or more blank items. °
For instance, the internal accounting procedures of the
firm may not have alowed it to quantify the pollu-
tion-abatement expenditures portion of R&D. In
addition, some firms, as a matter of policy, refused to
answer any voluntary questions. ¥

When respondents did not provide the requested
information, estimates for the missing data were made
using imputation agorithms. In general, the imputa-
tion algorithms computed vaues for missing items by
applying the average percentage change for the target
item in the nonresponding firm’'s industry to the
item’s prior-year value for that firm, reported or
imputed. This approach, with minor variation, was
used for most items.* Table B-4 contains imputation
rates for the principa survey items.

9 For detailed discussions on the sources, control, and
measurement of error resulting from item nonresponse, see the
technical report: U.S. Department of Commerce, Bureau of the
Census, Documentation of Nonsampling Error Issues in the
Survey of Industrial Research and Development, RR94/03
(Washington, DC, Sept. 21, 1994). For a general discussion of
the problems stemming from item nonresponse, see the technical
report: National Science Foundation, Estimating Basic and
Applied Research and Development in Industry: A Preliminary
Review of Survey Procedures, NSF 90-322 (Washington, DC,
1990).

10" All but four items—total R&D, Federal R&D, net sales,
and total employment—which are included in the Census
Bureau's annual mandatory statistical program, are voluntary.
See further discussion under Response Rates and Mandatory
Versus Voluntary Reporting, later in this section.

X For detailed descriptions and analyses of the imputation
methods and algorithms used, see the technical report: U.S.
Department of Commerce, Bureau of the Census, An Evaluation
of Imputation Methods for the Survey of Industrial Research and
Development, ESMD-9404 (Washington, DC, Sept. 1994).



Table B-3: Unit response rates—percentage of companies responding to survey, by industry: 1993

Page 1 of 3
Number of Response
Industry SIC code companies that rate 1/
received
questionnaire
Total, all COMPANIES.......c.eeeiiiiiiiiiiieiee e e 23,923 81.8
Distribution by industry:
Food, kindred, and tobacco products. 20,21 623 83.6
Textiles and apparel 22,23 1,079 75.3
Lumber, wood products, and furniture... 24,25 1,794 80.2
Paper and allied products 26 406 85.7
Chemicals and allied products.............cccuerieeiiiiiienie e 28 576 88.4
Industrial chemicals 281-82,286 116 86.2
Drugs and medicines.... 283 130 89.2
Other chemicals...........ccociiiiiiii 284-85,287-89 330 88.8
Petroleum refining and extraction... 13,29 280 83.2
Rubber products 30 503 82.1
Stone, clay, and glass products... 32 812 80.0
Primary metals 33 789 85.4
Ferrous metals and products...........ccoceeiiiiieiiiieniciiie e 331-32,3398-99 345 86.1
Nonferrous metals and products..............cccceeiiiiiieiiciieniieseee 333-36 444 84.9
Fabricated metal products. 34 1,910 80.6
Machinery 35 1,869 81.9
Office, computing, and accounting machines..............ccccccceeeeeene 357 409 704
Other machinery, except electrical...............cocooiiiiiiiiiinne. 351-56,358-59 1,460 85.1
Electrical equipment.........cocuoiiiiiiiiiiiee e 36 1,628 79.4
Radio and TV receiving equipment.. 365 110 791
Communication equipment 366 338 79.9
Electronic components 367 387 81.1
Other electrical equipment.. 361-64,369 793 78.4
Transportation equUIPMENt............ccoiiiiiiiiiiieieeee e 37 539 79.6
Motor vehicles and motor vehicles equipment.............cccccooeeien 371 122 86.1
Other transportation equipment. 373-75,379 352 76.4
Aircraft and missiles 372,376 65 84.6
Professional and scientific instruments................cc.cooiie 38 756 81.7
Scientific and mechanical measuring instruments........................ 381-82 340 85.9
Opttical, surgical, photographic, and other
INSTrUMENtS.......ooi e 384-87 416 78.4
Other manufacturing industries.............ccoociiiiiiiiiiice 27,31,39 1,454 80.8
Nonmanufacturing industries.............ccccooiiiiiiiiie 07-10,12-17, 8,905 82.9
40-42,44-49,

50-59,60-65,67,
701,73,75-76,
78-79,80-81,
83-85,87,89

See explanatory information and SOURCE at end of table.



Table B-3: Unit response rates—percentage of companies responding to survey, by industry: 1993

Page 2 of 3
Number of Response
Industry SIC code companies that rate 1/
received
questionnaire
Total, companies receiving Form RD-1L........ccccoooin 2,256 88.1
Distribution by industry:

Food, kindred, and tobacco products. 20,21 66 86.4
Textiles and apparel 22,23 36 86.1
Lumber, wood products, and furniture... 24,25 22 90.9
Paper and allied products 26 41 951
Chemicals and allied products.............cccuerieeiiiiiienie e 28 220 89.5
Industrial chemicals 281-82,286 69 92.8
Drugs and medicines.... 283 69 87.0
Other chemicals...........ccociiiiiiii 284-85,287-89 82 89.0
Petroleum refining and extraction... 13,29 27 92.6
Rubber products 30 65 84.6
Stone, clay, and glass products... 32 31 96.8
Primary metals 33 52 94.2
Ferrous metals and products...........ccoceeiiiiieiiiieniciiie e 331-32,3398-99 28 96.4
Nonferrous metals and products..............cccceeiiiiiieiiciieniieseee 333-36 24 91.7
Fabricated metal products. 34 85 95.3
Machinery 35 334 86.8
Office, computing, and accounting machines..............ccccccceeeeeene 357 111 82.0
Other machinery, except electrical...............cocooiiiiiiiiiinne. 351-56,358-59 223 89.2
Electrical equipment.........cocuoiiiiiiiiiiiee e 36 317 88.0
Radio and TV receiving equipment.. 365 8 87.5
Communication equipment 366 92 89.1
Electronic components 367 126 88.1
Other electrical equipment.. 361-64,369 91 86.8
Transportation equUIPMENt............ccoiiiiiiiiiiieieeee e 37 88 89.8
Motor vehicles and motor vehicles equipment.............cccccooeeien 371 42 95.2
Other transportation equipment. 373-75,379 13 76.9
Aircraft and missiles 372,376 33 87.9
Professional and scientific instruments................cc.cooiie 38 275 87.3
Scientific and mechanical measuring instruments........................ 381-82 151 914

Opttical, surgical, photographic, and other
INSTrUMENtS.......ooi e 384-87 124 82.3
Other manufacturing industries.............ccoociiiiiiiiiiice 27,31,39 58 89.7
Nonmanufacturing industries.............ccccooiiiiiiiiie 07-10,12-17, 539 85.9
40-42,44-49,

50-59,60-65,67,
701,73,75-76,
78-79,80-81,
83-85,87,89

See explanatory information and SOURCE at end of table.



Table B-3: Unit response rates—percentage of companies responding to survey, by industry: 1993

Page 3 of 3
Number of Response
Industry SIC code companies that rate 1/
received
questionnaire
Total, companies receiving Form RD-1A..........ccooooiiiinn 21,667 81.1
Distribution by industry:
Food, kindred, and tobacco products. 20,21 557 83.3
Textiles and apparel 22,23 1,043 74.9
Lumber, wood products, and furniture... 24,25 1,772 80.0
Paper and allied products 26 365 84.7
Chemicals and allied products.............cccuerieeiiiiiienie e 28 356 87.6
Industrial chemicals 281-82,286 47 76.6
Drugs and medicines.... 283 61 91.8
Other chemicals...........ccociiiiiiii 284-85,287-89 248 88.7
Petroleum refining and extraction... 13,29 253 82.2
Rubber products 30 438 81.7
Stone, clay, and glass products... 32 781 79.4
Primary metals 33 737 84.8
Ferrous metals and products...........ccoceeiiiiieiiiieniciiie e 331-32,3398-99 317 85.2
Nonferrous metals and products..............cccceeiiiiiieiiciieniieseee 333-36 420 84.5
Fabricated metal products. 34 1,825 79.9
Machinery 35 1,535 80.8
Office, computing, and accounting machines..............ccccccceeeeeene 357 298 66.1
Other machinery, except electrical...............cocooiiiiiiiiiinne. 351-56,358-59 1,237 84.4
Electrical equipment.........cocuoiiiiiiiiiiiee e 36 1,311 77.3
Radio and TV receiving equipment.. 365 102 78.4
Communication equipment 366 246 76.4
Electronic components 367 261 77.8
Other electrical equipment.. 361-64,369 702 774
Transportation equUIPMENt............ccoiiiiiiiiiiieieeee e 37 451 776
Motor vehicles and motor vehicles equipment.............cccccooeeien 371 80 81.3
Other transportation equipment. 373-75,379 339 76.4
Aircraft and missiles 372,376 32 81.3
Professional and scientific instruments................cc.cooiie 38 481 78.6
Scientific and mechanical measuring instruments........................ 381-82 189 815
Opttical, surgical, photographic, and other
INSTrUMENtS.......ooi e 384-87 292 76.7
Other manufacturing industries.............ccoociiiiiiiiiiice 27,31,39 1,396 80.4
Nonmanufacturing industries.............ccccooiiiiiiiiie 07-10,12-17, 8,366 82.7
40-42,44-49,
50-59,60-65,67,
701,73,75-76,
78-79,80-81,
83-85,87,89

1/ The calculation of the response rate was based on all companies that responded to the survey, including those that reported
they were out of scope, out of business, or had merged with another company. It excludes RD-1L companies for which total R&D

expenditure data were imputed.

SOURCE: National Science Foundation/SRS, Survey of Industrial Research and Development: 1993



Table B-4. Imputation rates for selected items, by industry: 1993
Page 1 of 2
Net Total R&D R&D
Industry SIC code sales employment scientists
engineers Total Company Federal
[Percent]
TOtA s [ e 54 6.1 29.6 5.0 5.2 4.3
Food, kindred, and tobacco products.....................} 20,21 7.5 10.7 31.2 6.1 6.4 -
Textiles and apparel 22,23 174 15.7 334 18.9 16.2 92.3
Lumber, wood products, and furniture.................... 24,25 1.8 12.9 1.4 3.2 2.9 30.6
Paper and allied products 26 7.9 8.8 241 3.2 3.3 0.0
Chemicals and allied products 28 10.5 8.6 26.8 4.0 4.2 1.8
Industrial chemicals............cccccoocoiiiiiiiciiniicce 281-82,286 6.2 5.1 34.3 4.0 5.1 0.1
Drugs and mediCines............ccceevverenienenicieneens 283 1.2 1.6 225 1.0 1.0 0.0
Other chemical 284-85,287-89 23.0 20.8 25.7 15.8 15.0 95.9
Petroleum refining and extraction.. 13,29 4.4 4.5 35.5 1.2 1.7 3.2
Rubber products. 30 3.7 9.3 24.4 4.3 4.5 0.0
Stone, clay, and glass products. 32 4.5 5.0 16.2 57 6.9 0.1
Primary metals. 33 4.6 5.6 25.6 8.2 8.1 9.4
Ferrous metals and products 331-32,3398-99 1.5 1.8 15.2 6.6 7.0 0.0
Nonferrous metals and products............cccccceeuen ] 333-36 10.4 121 36.1 9.4 8.9 371
Fabricated metal products 34 1.6 2.7 211 0.9 1.7 0.1
Machinery. 35 9.9 111 222 12.3 12.7 74
Office, computing, and accounting
machines. 357 14.8 26.3 23.8 15.4 15.9 0.1
Other machinery, except electrical. 351-56,358-59 8.3 7.0 20.7 8.1 8.1 11.9
Electrical equipment............cccceiiiiiiiniiiiiiicee 36 8.1 4.1 355 12.7 123 16.0
56.5
Radio and TV receiving equipment......................] 365 20.4 15.4 34.9 0.0 0.0 0.0
Communication equipment............cccccoenenienennnn. 366 32.7 2.4 68.6 335 37.6 8.4
Electronic component: 367 55 5.8 18.6 6.6 3.3 79.5
Other electrical equipment...........ccccooeviniincnennn 361-64,369 2.4 3.3 19.0 11 1.3 0.2
Transportation equipment............ccccoeiiiiiiiiennny 37 1.2 2.0 31.9 0.5 0.6 0.3
53.0
Motor vehicles and motor vehicles
EQUIPMENT...c.eiiiiiiiiei e 371 0.1 0.4 375 0.1 0.2 0.0
Other transportation equipment..........c.cccccceeeeiene 373-75,379 20.4 18.1 67.6 30.9 222 99.5
Aircraft and missiles...........cccccoevvieeeeieiiiieeeeeenn 372,376 1.5 2.3 26.7 0.4 0.7 0.1
Professional and scientific instruments.................. 38 1.2 10.2 59.1 6.5 8.7 0.7
Scientific and mechanical measuring
instruments. 381-82 5.6 4.6 731 4.4 7.8 0.6
Optical, surgical, photographic, and
other instruments.............cccoooiiiiiiiiiiiis 383-87 16.7 16.8 30.8 9.3 9.4 4.6
Other manufacturing industries............c.ccocenenee | 21,27,31,39 2.3 5.7 19.7 4.2 4.4 0.0
Nonmanufacturing industries...........c.ccccervicnennnn. 07-10,12-17, 3.7 4.3 15.8 4.2 2.7 1.3
40-42,44-49,
50-59,60-65,67,
701,73,75-76,
78-79,80-81,
83-85,87,89

See explanatory information and SOURCE at end of table.



Table B-4. Imputation rates for selected items, by industry: 1993
Page 2 of 2
R&D by cost
Industry SIC code R&D by Energy Pollution Outside Foreign
Wages Materials Other costs state R&D abatement company R&D
[Percent]
Total 459 46.3 47.3 41.0 6.6 71 18.3 56
Food, kindred, and tobacco products................c..... 20,21 375 384 374 339 - 56.9 4.0 20.6
Textiles and apparel 22,23 51.8 515 514 46.8 - 0.0 95 0.0
Lumber, wood products, and furniture...................... 24,25 43.3 31.8 59.5 48.9 17.3 323 6.4 3.7
Paper and allied product; 26 76.0 85.1 81.5 748 6.2 34 94.3 0.2
Chemicals and allied products............cccovrercnin 28 43.4 45.0 41.8 43.3 24 13.2 231 15
Industrial chemical 281-82,286 56.2 55.8 56.2 67.0 24 75 734 0.6
Drugs and medicine: 283 35.5 354 354 275 - 0.0 12.0 0.1
Other chemicall 284-85,287-89 313 296 313 314 0.0 76.6 42.8 55
Petroleum refining and extraction...............ccccccccceee. 13,29 379 38.2 38.2 30.2 13.4 10.5 25.0 45
Rubber product 30 376 36.7 36.8 374 28.0 444 1.3 0.6
Stone, clay, and glass products...............ccccceueeune 32 34.8 356 345 329 0.0 0.0 449 0.0
Primary metal: 33 452 55.8 45.0 448 0.0 0.0 36.0 3.4
Ferrous metals and products............cccccccenirieenennns 331-32,3398-99 20.8 225 20.7 15.3 0.0 0.0 471 0.0
Nonferrous metals and products............c.ceeueneee.] 333-36 65.1 64.6 66.5 65.3 0.0 0.0 0.0 37
Fabricated metal product; 34 60.4 59.8 59.6 59.8 0.0 29 72 11.0
Machinery. 35 401 39.1 456 359 52 0.8 19.5 124
Office, computing, and accounting
machine: 357 435 431 479 348 - 0.0 30.7 14.2
Other machinery, except electrical......................... 351-56,358-59 34.8 36.3 40.7 377 52 0.8 8.8 11.6
Electrical equipment 36 56.5 51.1 53.9 437 0.0 0.0 1.0 271
Radio and TV receiving equipment........................} 365 325 28.8 284 85.8 - - 0.0 0.0
Communication equipment............ccoverreeccens | 366 77.8 77.8 77.8 63.8 0.0 0.0 0.0 791
Electronic components...........ccoverenccccnenenneen. 367 52.7 54.7 53.6 35.9 0.0 0.0 4.3 27
Other electrical equipment...........c.cccoceceenirinnncnene ] 361-64,369 338 335 33.6 343 0.0 0.0 04 20
Transportation equipment.............cccoviericcceennnnnd 37 53.0 48.8 61.6 51.7 0.8 22 19.3 5.0
Motor vehicles and motor vehicles
equipment. 371 35.1 33.9 34.1 343 0.0 0.0 12.6 0.0
Other transportation equipment.............cccccceceinne 373-75,379 85.5 90.7 89.3 925 - 0.0 44.2 0.0
Aircraft and missile: 372,376 68.9 66.6 755 64.5 0.8 38 543 437
Professional and scientific instruments...................] 38 79.8 79.5 81.0 56.7 0.0 0.0 71 58
Scientific and mechanical measuring
instrument: 381-82 82.0 824 82.0 69.2 - 0.0 42 295
Optical, surgical, photographic, and
other instrument: 383-87 76.8 76.5 79.0 38.3 0.0 0.0 78 0.3
Other manufacturing industries 21,27,31,39 46.3 48.4 52.8 389 - 0.0 1.1 3.4
Nonmanufacturing industries.. 07-10,12-17, 209 219 20.0 18.6 7.0 257 13.5 4.3
40-42,44-49,
50-59,60-65,67,
701,73,75-76,
78-79,80-81,
83-85,87,89

- = no basis for imputation

SOURCE: National Science Foundation/SRS, Research and Development in Industry: 1993



REesrponsE RATES AND MANDATORY

VERSUS VOLUNTARY REPORTING

Current survey reporting requirements divide survey
items into two groups: mandatory and voluntary.
Response to four data items on the questionnaires,
total R& D expenditures, Federal R& D funds, net
sales, and total employment, is mandatory, whereas
response to the remaining items is voluntary. During
the 1990 survey cycle, NSF conducted a test of the
effect of reporting on a completely voluntary basis to
determine if combining both mandatory and voluntary
items on one questionnaire influences response rates.
For this test, the 1990 sample was divided into two
panels of approximately equal size. One pandl, the
mandatory panel, was asked to report as usual (four
mandatory items and the remainder voluntary), and
the other pandl, the voluntary panel, was asked to
report all items on a completely voluntary basis. The
result of the test was a decrease in the overall survey
response rate to 80 percent from levels of 88 percent
in 1989 and 89 percent in 1988. The response rates
for the mandatory and voluntary panels were 89
percent and 69 percent, respectively. Detailed results
of the test were published in Research and Develop-
ment in Industry: 1990. For firms that reported R& D
expenditures in 1993, table B-5 shows the percentage
that aso reported data for other selected items.

CHARACTER OF WORK

Response to questions about character of work
(basic research, applied research, and development)
declined in the mid-1980s, and, as a result, imputation
rates increased. The general imputation procedure
described above became increasingly dependent upon
information imputed in prior years, thereby distancing
current-year estimates from any reported information.
Because of the increasing dependence on imputed
data, NSF chose not to publish character-of-work
estimates in 1986. Consequently, the imputation
procedure used to develop these estimates was revised
in 1987 for use with 1986 and later data and differs
from the general imputation approach. The new
method calculates the character-of-work distribution
for a nonresponding firm only if that firm reported a
distribution within a five-year period, extending from
two years before to two years after the year requiring
imputation. Imputation for a given year is initialy
performed in the year the data are collected and is
based on a character-of-work distribution reported in
either of the two previous years, if any. It isagain
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performed using new data collected in the next two
years. Thus, character-of-work estimates are revised
as newly reported information becomes available and
are not final for two years following their initial
publication.

If no reported data are available for a firm, charac-
ter-of-work estimates are not imputed. As a conse-
guence, only a portion of the total estimated R&D
expenditures are distributed at the firm level. Those
expenditures not meeting the requirements of the new
imputation methodology are placed in a “not distrib-
uted” category. Tables B-6, B-7, and B-8 show the
character-of-work estimates along with the “not
distributed” component for 1991, 1992, and 1993,
respectively.

NSF's objective in conducting the survey has a-
ways been to provide estimates for the entire popula-
tion of firms performing R&D in the United States.
However, the revised imputation procedure would no
longer produce such estimates because of the “not
distributed” component. So, a baseline estimation
method was developed to alocate the “not distrib-
uted” amounts among the character-of-work compo-
nents. In the basdine estimation method, the “not
distributed” expenditures are alocated by industry
group to basic research, applied research, and devel-
opment categories, using the percentage splits in the
distributed category for that industry. The allocation
is done at the lowest level of published industry detail
only; higher levels are derived by aggregation (just as
national totals are derived by aggregation of indi-
vidua industry estimates) and result in higher perfor-
mance shares for basic and applied research and
lower estimates for development’s share than would
have been calculated using the previous method. 2
The estimates of basic research, applied research, and
development provided in section A of this report were
calculated using the baseline estimation method.

12 see the NSF technical report cited previously for an
explanation of the uncertainties in the data and to quantify their
sensitivity to the choice of various possible imputation proce-
dures.



Table B-5. Item response rates—percentage of R&D-performing

companies that responded to selected survey items: 1993

Page 1 of 1

Response rate 1/

Data item

Form RD-1L 2/

Form RD-1A 2/

Total @MPIOYMENL........cciiiiiiiee e
Scientists and ENGINEETS...........cciiiiriiiiieeee e

Federal R&D

ComPaNy R&D ...ttt
Total R&D ...
FOreign R&D ... ..ottt
Contracted OUL..........ooiiic e
ENErgy R&D.... .ot

Pollution abatement R&D

98.7

97.8

791

99.3

3/

100.0

449

37.2

45.2

45.2

99.1

98.5

85.3

98.8

3/

100.0

53.0

60.1

4/

4/

1/ Response rates are based on reported data for companies that reported total R&D expenditures. Imputed
data are not included. Companies that reported that they were out of scope, out of business, merged with
another company, or had no R&D expenditures for 1993 were excluded from the calculation of response rates.

2/ See technical notes for descriptions of the survey questionnaire forms.

3/ ltem response for "Federal R&D" and for "Company R&D" were considered together; companies that
reported "Total R&D" and either of these expenditures implicitly reported both company and Federal R&D,

since these two items sum to total R&D.

4/ The Form RD-1A did not include these items. See technical notes for more information about

contents of the questionnaire.

SOURCE: National Science Foundation/SRS, Survey of Industrial Research and Development: 1993



Table B-6. Funds for performance of basic research, applied research, and development, funds not distributed,

and percent of funds not distributed, by industry and source of funds: 1991

Page 1 of 2
Total Basic Applied
Distribution by industry SIC code
Total Federal Company Total Federal Company Total Federal Company
Dollars in millions]

Total .o $116,952 $26,372 $90,580 $6,490 $1,220 $5,270 $22,319 $4,808 $17,511
Food, kindred, and tobacco products..............ccceeieiiinn ] 20,21 1,277 0 1,277 126 0 126 386 0 386
Textiles and apparel..........cccoveoeierieieniieeeee s 22,23 (D) (D) 236 13 0 13 (D) (D) 29
Lumber, wood products, and furniture. 24,25 (D) (D) 200 13 0 13 61 0 61
Paper and allied products. 26 (D) (D) 1,174 (D) 0 (D) (D) (D) (D)
Chemicals and allied products. 28 14,648 209 14,439 1,304 7 1,297 3,882 (S) 3,855

Industrial chemicals 281-82,286 5,390 165 5,225 447 4 443 (D) (D) 1,160
Drugs and medicines. 283 (D) (D) 6,947 (D) (D) 738 (D) (D) 1,993
Other ChEMICAS..........o..eveeveeeeeeeeeeeeeeeeeeeeeeeeeeeesennn ] 284-85,287-89 (D) (D) 2,267 (D) (D) 116 705 3 702
Petroleum refining and extraction.............cccccoeeiiicincnenne 13,29 2,498 11 2,487 (D) (D) (D) (D) (D) 715
Rubber products 30 (D) (D) (D) (D) (D) (D) 237 0 237
Stone, clay, and glass products. 32 (D) (D) 455 48 0 48 (D) (D) 154
Primary metals..........ocooiiiiiiiiiiceeeee e 33 714 8 706 33 0 33 (D) (D) (S)
Ferrous metals and products. 331-32,3398-99 (D) (D) 225 8 0 8 (D) (D) (D)
Nonferrous metals and products. 333-36 (D) (D) 481 25 0 25 (D) (D) (D)
Fabricated metal products 34 974 226 748 38 0 38 (D) (D) (D)
Machinery 35 14,775 1,055 13,720 (D) (D) 288 (D) (D) 1,749
Office, computing, and accounting machines. 357 (D) (D) 10,419 (D) (D) (D) (D) (D) 1,053
Other machinery, except electrical 351-56,358-59 (D) (D) 3,301 (D) (D) (D) 714 18 696
Electrical equipment 36 13,415 4,550 8,865 230 21 209 (D) (D) 1,985
Radio and TV receiving equipment 365 102 0 102 (D) 0 (D) 8 0 8
Communication equipMent............ccooierirenineiieneeeen 366 (D) (D) (S) (D) (D) (D) (D) (D) 552
Electronic components 367 3,465 288 3,177 (D) (D) 96 739 (S) 696
Other electrical equipment. 361-64,369 (D) (D) 2,403 (D) (D) (D) (D) (D) 729
Transportation equipment... 37 27,428 12,570 14,858 383 227 156 (D) (D) (D)
Motor vehicles and motor vehicles equipment 371 (D) (D) 9,063 70 0 70 (D) (D) (D)
Other transportation equipment. 373-75,379 (D) (D) 262 (S) 0 (S) (D) (D) (D)
Aircraft and missiles 372,376 16,983 11,450 5,533 290 227 63 1,667 830 837
Professional and scientific instruments. 38 8,705 1,865 6,840 (D) (D) 361 1,976 373 1,603
Scientific and mechanical measuring instruments 381-82 (D) (D) 3,017 (D) (D) 138 (D) (D) 933
Optical, surgical, photographic, and other

INSTUMENES ... 383-87 (D) (D) 3,823 (D) (D) 223 (D) (D) 670
Other manufacturing industries. 27,31,39 (D) (D) (D) 64 0 64 (D) (D) 65
Nonmanufacturing industries. 07-10, 12-17, 28,446 5,505 22,941 3,239 950 2,289 5,786 1,260 4,526

40-42, 44-49,

50-59, 60-65, 67,

701, 73, 75-76,

78-79, 80-81,

83-84, 87, 89

See explanatory information and SOURCE at end of table.



Table B-6. Funds for performance of basic research, applied research, and development, funds not distributed,

and percent of funds not distributed, by industry and source of funds: 1991

Page 2 of 2
Development Expenditures Percent of expenditures
not distributed not distributed
Distribution by industry SIC code
Total Federal Company Total Federal Company Total Federal Company
[Dollars in millions]

Total $66,317 $14,749 $51,568 $21,826 $5,595 $16,231 18.7% 21.2% 17.9%
Food, kindred, and tobacco products 20,21 576 0 576 189 0 (S) 14.8 0.0 14.9
Textiles and apparel 2223 134 6 128 (D) (D) (S) 30.7 60.0 27.1
Lumber, wood products, and furniture.... 24,25 (D) (D) 100 26 0 (S) (D) 0.0 13.0
Paper and allied products 26 437 0 437 214 0 (S) (D) 0.0 182
Chemicals and allied product: 28 6,734 62 6,672 (D) (D) 2,616 (D) (D) 18.1

Industrial chemi 281-82,286 2,760 58 2,702 (D) (D) 920 (D) (D) 176
Drugs and medicine: 283 2,725 0 2,725 1,491 0 1,491 (D) 0.0 215
Other chemical 284-85,287-89 1,249 4 1,245 (D) (D) 204 10.2 789 9.0
Petroleum refining and extraction 13,29 992 5 987 (D) 0 (D) (D) 0.0 (D)
Rubber product: 30 413 0 413 462 0 (S) (D) 0.0 (D)
Stone, clay, and glass product 32 (D) (D) 229 24 0 (S) (D) 0.0 53
Primary metal 33 308 2 306 (D) (D) (S) 134 125 135
Ferrous metals and product: 331-32,3398-99 (D) (D) 100 (D) 0 (D) (D) (D) 53
Nonferrous metals and product 333-36 (D) (D) (S) 85 (D) (D) (D) 25.0 (D)
Fabricated metal product: 34 (D) (D) 461 160 (D) (D) 16.4 (D) (D)
Machinery. 35 9,862 574 9,288 2,428 (S) (S) 16.4 32 174
Office, computing, and accounting machines..... 357 (D) (D) 7,125 2,084 (D) (D) (D) 0.6 (D)
Other machinery, except electrical.... 351-56,358-59 (D) (D) 2,163 344 (D) (D) (D) 171 (D)
Electrical equipment 36 7,369 2,671 4,698 (D) (D) (S) 1856 114 223
Radio and TV receiving equipment.... 365 82 0 82 (D) 0 (D) (D) 0.0 (D)
Communication equipment. 366 (D) (D) 1,447 (D) (D) (D) 326 256 36.1
Electronic component: 367 (D) (D) 2,076 336 (S) 309 9.7 9.4 9.7
Other electrical equipment 361-64,369 (D) (D) 1,093 591 (D) (D) 117 3.0 213
Transportation equipment. 37 18,359 8,249 10,110 (D) (D) (D) (D) (D) (D)
Motor vehicles and motor vehicles equipment. 371 (D) (D) (D) (D) (D) (D) 26.2 0.4 (D)
Other transportation equipment. 373-75,379 (D) (D) (D) 7 0 7 (D) 0.0 27
Aircraft and missile: 372,376 11,580 7,541 4,039 3,446 (S) (S) 203 249 10.7
Professional and scientific instruments. 38 4,533 1,107 3,426 (D) (D) (S) (D) (D) 21.2
Scientific and mechanical measuring instruments..... 381-82 (D) (D) 1,342 (D) (D) 604 20.3 20.8 20.0
Optical, surgical, photographic, and other
instrument: 383-87 (D) (D) 2,084 (D) (D) (S) 218 57 221
Other manufacturing industries 27,31,39 391 60 331 38 0 (S) (D) (D) (D)
Nonmanufacturing industrie: 07-10,12-17, 15,057 1,650 13,407 4,364 1,645 2,719 15.3 299 11.9
40-42,44-49,
50-59,60-65,67,
701,73,75-76,
78-79,80-81,
83-84,87,89
KEY: (D) = Data have been withheld to avoid disclosing operations of individual companies.

(S) = Data have been withheld because of imputation of more than 50 percent.

NOTE:

The character-of-work estimation procedure was revised for 1986 and later years; hence, these data are not directly

comparable with data for 1985 and earlier years. See technical notes for a more complete discussion of this change.

SOURCE: National Science Foundation/SRS, Survey of Industrial Research and Development: 1993



Table B-7. Funds for performance of basic research, applied research, and development, funds not distributed,

and percent of funds not distributed, by industry and source of funds: 1992

Page 1 of 2
Total Basic Applied
Distribution by industry SIC code
Total Federal Company Total Federal Company Total Federal Company
Dollars in millions]

Total e $119,110 $24,722 $94,388 $6,094 $912 $5,182 $22,817 $4,329 $18,488
Food, kindred, and tobacco products.............cccccceieiirnnnin ] 20,21 1,386 0 1,386 116 0 116 400 0 400
Textiles and appParel..........cccoeeeereririneneeeee s 22,23 (D) (D) 261 23 0 23 (D) (D) 28
Lumber, wood products, and furniture 24,25 (D) (D) 234 (D) 0 (D) 75 0 75
Paper and allied products 26 (D) (D) 1,182 (D) 0 (D) (D) (D) 421
Chemicals and allied products.. 28 15,381 (S) 15,091 (D) (D) 1,714 4,422 16 4,406

Industrial chemicals 281-82,286 5,165 (S) 4,911 (D) (D) 481 1,099 14 1,085
Drugs and medicines. 283 7,944 (S) 7,934 (D) (D) 1,104 (D) (D) 2,568
Other CREMICAS..........o..oveeeeeeeeeeeeeeeeeeeeeeeeee e 284-85,287-89 2272 (S) 2,246 (D) (D) 129 (D) (D) 743
Petroleum refining and extraction............c.ccceovvineiicncnennd 13,29 2,277 9 2,268 (D) (D) (D) 788 0 788
Rubber products 30 (D) (D) 1,256 63 0 63 161 0 161
Stone, clay, and glass products. 32 (D) (D) 479 (D) (D) 40 (D) (D) 168
PrHMAry MELalS.........o..ovoveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeen 33 522 (S) 514 (D) (D) 27 208 (S) 201
Ferrous metals and products 331-32,3398-99 (D) (D) 221 (D) (D) (D) 91 0 91
Nonferrous metals and products 333-36 (D) (D) 293 (D) 0 (D) 117 (S) 110
Fabricated metal products 34 1,017 294 723 (D) (D) (D) (D) (D) 125
Machinery 35 14,938 1,035 13,903 (D) (D) (D) (D) (D) 1,493
Office, computing, and accounting machines. 357 (D) (D) 10,614 (D) (D) (D) (D) (D) 743
Other machinery, except electrical 351-56,358-59 (D) (D) 3,289 (D) (D) 138 769 19 750
Electrical equipment 36 13,360 3,844 9,516 (D) (D) 279 (D) (D) 2,151
Radio and TV receiving equipment 365 (D) (D) 93 8 (D) (D) 8 0 8
Communication equipMent............ccoceeereerrienencnceeen | 366 (D) (D) 3,381 (D) (D) (D) (D) (D) 491
Electronic components 367 3,567 247 3,320 111 (D) (D) 824 53 771
Other electrical equipment. 361-64,369 (D) (D) 2,722 (D) (D) (D) (D) (D) 881
Transportation equipment... 37 27,494 11,202 16,292 336 214 122 2,132 (D) (D)
Motor vehicles and motor vehicles equipmen 371 (D) (D) 9,133 62 0 62 (D) (D) (D)
Other transportation equipment. 373-75,379 (D) (D) 289 26 0 26 (D) (D) (D)
Aircraft and missiles. 372,376 17,158 (S) 6,871 248 214 34 1,606 889 77
Professional and scientific instruments. 38 9,542 2,221 7,321 407 (D) (D) 2,052 364 1,688
Scientific and mechanical measuring instruments, 381-82 5,156 2,143 3,013 (D) (D) (D) (D) (D) 955
Optical, surgical, photographic, and other

INSTUMENES......ooceoceeeeeeeeeeeee o) 384-87 4,386 78 4,308 (D) (D) 260 (D) (D) 733
Other manufacturing industries. 27,31,39 (D) (D) 599 71 0 71 (D) (D) 84
Nonmanufacturing industries. 07-10,12-17, 28,933 5,570 23,363 2,044 655 1,389 6,531 1,417 5114

40-42,44-49,

50-59,60-65,67,

701,73,75-76,

78-79,80-81,

83-84,87,89

See explanatory information and SOURCE at end of table.



Table B-7. Funds for performance of basic research, applied research, and development, funds not distributed,

and percent of funds not distributed, by industry and source of funds: 1992

Page 2 of 2
Development Expenditures Percent of expenditures
not distributed not distributed
Distribution by industry SIC code
Total Federal Company Total Federal Company Total Federal Company
[Dollars in millions]

Total $72,826 $16,309 $56,517 $17,373 $3,185 $14,188 14.6% 12.9% 15.0%
Food, kindred, and tobacco products. 20,21 705 0 705 165 0 S) 11.9 0.0 11.9
Textiles and apparel 22,23 143 4 139 (D) (D) 71 29.1 58.8 27.2
Lumber, wood products, and furniture..... 24,25 (D) (D) 124 19 0 (S) (D) 0.0 8.1
Paper and allied product; 26 409 0 409 (D) 0 (D) (D) 0.0 17.4
Chemicals and allied product: 28 (D) (D) 7,050 1,960 (S) (S) 127 107 12.8

Industrial chemical: 281-82,286 (D) (D) 2,890 460 6 455 8.9 24 9.3
Drugs and medicine: 283 (D) (D) 2,977 (D) (D) (S) (D) (D) 16.2
Other chemical 284-85,287-89 (D) (D) 1,183 (D) (D) (S) (D) (D) 85
Petroleum refining and extraction 13,29 768 8 759 (D) 0 (D) (D) 0.0 (D)
Rubber products 30 (D) (D) 814 218 0 (S) (D) 0.0 17.4
Stone, clay, and glass product: 32 (D) (D) 250 21 0 (S) (D) 0.0 4.4
Primary metal 33 (D) (D) 252 35 0 (S) 6.7 0.0 6.8
Ferrous metals and product 331-32,3398-99 (D) (D) 107 (D) 0 (D) 6.7 0.0 (D)
Nonferrous metals and product: 333-36 (D) (D) 145 (D) 0 (D) 6.7 0.0 (D)
Fabricated metal product 34 645 227 418 198 (D) (D) 195 (D) (D)
Machinery. 35 9,891 571 9,320 (D) (D) (D) (D) (D) (D)
Office, computing, and accounting machines. 357 (D) (D) 7,175 (D) (D) (D) 19.6 0.6 21.2
Other machinery, except electrical. 351-56,358-59 (D) (D) 2,145 267 (S) (S) (D) (D) 7.8
Electrical equipment 36 7,516 2,298 5218 (S) (S) (S) 17.9 135 196
Radio and TV receiving equipment. 365 (D) (D) 72 (D) 0 (D) (D) 0.0 (D)
Communication equipment 366 (D) (D) 1,664 (D) (D) (D) (D) 26.9 (D)
Electronic component: 367 2,438 165 2,273 194 (D) (D) 54 (D) (D)
Other electrical equipment 361-64,369 (D) (D) 1,209 589 (D) (D) (D) 3.9 (D)
Transportation equipment. 37 20,677 9,117 11,560 4,349 (D) (D) 15.8 (D) (D)
Motor vehicles and motor vehicles equipment. 371 (D) (D) (D) (D) (D) (D) 30.2 0.2 (D)
Other transportation equipment. 373-75,379 (D) (D) (D) (D) 0 (D) (D) 0.0 (D)
Aircraft and missile: 372,376 13,961 8,268 5,693 1,343 (S) (S) 7.8 8.9 6.2
Professional and scientific instruments. 38 5,823 1,835 3,988 1,260 (D) (D) 13.2 (D) (D)
Scientific and mechanical measuring instruments.... 381-82 3,363 1,775 1,588 346 (D) (D) 6.7 (D) (D)
Optical, surgical, photographic, and other
instrument 384-87 2,460 60 2,400 914 0 914 20.8 0.0 212
Other manufacturing industries. 27,31,39 (D) (D) 377 67 0 67 (D) 0.0 1.2
Nonmanufacturing industries. 07-10,12-17, 17,040 1,905 15,135 3,318 1,593 1,725 11.5 28.6 7.4
40-42,44-49,
50-59,60-65,67,
701,73,75-76,
78-79,80-81,
83-84,87,89
KEY: (D) = Data have been withheld to avoid disclosing operations of individual companies.

(S) = Data have been withheld because of imputation of more than 50 percent.

NOTE: The character-of-work estimation procedure was revised for 1986 and later years; hence, these data are not directly

comparable with data for 1985 and earlier years. See technical notes for a more complete discussion of this change.

SOURCE: National Science Foundation/SRS, Survey of Industrial Research and Development: 1993



Table B-8. Funds for performance of basic research, applied research, and development, funds not distributed,

and percent of funds not distributed, by industry and source of funds: 1993

Page 1 of 2
Total Basic Applied
Distribution by industry SIC code
Total Federal Company Total Federal Company Total Federal Company
Dollars in millions]

Total .o $118,334 $22,813 $95,521 $7,173 $987 $6,186 $22,144 $4,796 $17,348
Food, kindred, and tobacco products............c.ccccceecuinnenns 20,21 1,338 0 1,338 83 0 83 367 0 367
Textiles and apparel 22,23 (D) (D) 288 31 0 31 (D) (D) 26
Lumber, wood products, and furniture 24,25 (D) (D) 248 (D) (D) 13 79 0 79
Paper and allied products............cccceerieeieneneneceneeen 26 (D) (D) 1,252 167 0 167 (D) (D) 457
Chemicals and allied products 28 (D) (D) 16,747 2,121 13 2,108 (D) (D) 5,289

Industrial chemicals 281-82,286 (D) (D) 5274 (D) (D) 885 (D) (D) 1,201
Drugs and medicines...........ccccoouiiiiiiiiiiiiiiiiccce 283 9,147 14 9,133 (D) (D) 1,068 3,379 8 3,371
Other ChEMICAS..........o..oveveeeeeeeeeeeeeeeeeeeeeeeeeeeenn ] 284-85,287-89 (D) (D) 2,340 (D) (D) 155 (D) (D) 718
Petroleum refining and extraction..............ccoccovveniincnne 13,29 2,117 14 2,103 (D) (D) (D) (D) (D) 615
Rubber products 30 (D) (D) 1,092 (D) 0 (D) (D) (D) 125
Stone, clay, and glass products. 32 (D) (D) 535 (D) (D) (D) (D) (D) 165
Primary metals. 33 669 23 646 (D) (D) 43 (D) (D) 195
Ferrous metals and products 331-32,3398-99 289 17 272 (D) (D) 19 (D) (D) 77
Nonferrous metals and products... 333-36 380 6 374 24 0 24 (D) (D) (S)
Fabricated metal products............ccceovieiiininincncicnn 34 (D) (D) 920 (D) (D) (D) (D) (D) 160
Machinery 35 8,270 88 8,182 (D) (D) (D) 1,376 19 1,357
Office, computing, and accounting machines. 357 4,811 33 4,778 (D) (D) 75 (D) (D) 794
Other machinery, except electrical.............cccocoereeerennns 351-56,358-59 3,457 55 3,404 (D) (D) (D) (D) (D) 563
Electrical @qUIPMENt.............o.covoveeeeeeeeeeeeeeeeeeeeeeon] 36 12,686 1,402 11,285 (D) 4 (D) (D) (D) 2,016
Radio and TV receiving equipment............c.cccccereeenuenns 365 (D) (D) 84 (D) 0 (D) (D) (D) 11
Communication equipment.. 366 (D) (D) 3,129 (D) (D) (D) 167 0 167
Electronic components 367 5,316 (S) 5,089 (D) 1 (D) 960 (S) 925
Other electrical eqUIPMENt.........cccoveiriieninicicieeeee 361-64,369 (D) (D) 2,983 (D) (D) (D) (D) (D) 913
Transportation equipment............cooecervivciiiieniieneens 37 27,501 10,438 17,063 (D) 246 (D) 1,822 839 983
Motor vehicles and motor vehicles equipment................ 371 (D) (D) 10,653 74 0 74 (D) (D) 463
Other transportation equipment. 373-75,379 (D) (D) 165 (D) 0 (D) (D) (D) 7
Aircraft and missiles 372,376 15,615 9,369 6,246 (D) 246 (D) 1,318 805 513
Professional and scientific instruments. 38 10,288 2,767 7,521 (D) (D) 349 1,987 336 1,651
Scientific and mechanical measuring instruments... 381-82 5,901 2,670 3,231 (D) (D) 129 1,353 311 1,042
Optical, surgical, photographic, and other

INStruMeNts........ooooiiiiii 383-87 4,387 97 4,290 (D) (D) 220 634 25 609
Other manufacturing industries. .........c.cccceovveriiiicccncnn | 27,31,39 (D) (D) 763 120 0 120 70 0 70
Nonmanufacturing industries..............cococioiiiencnencnns 07-10,12-17, 31,320 5,782 25,538 2,738 342 2,396 6,270 2,477 3,793

40-42,44-49,

50-59,60-65,67,

701,73,75-76,

78-79,80-81,

83-84,87,89

See explanatory information and SOURCE at end of table.



Table B-8. Funds for performance of basic research, applied research, and development, funds not distributed,

and percent of funds not distributed, by industry and source of funds: 1993
Page 2 of 2
Development Expenditures Percent of expenditures
not distributed not distributed
Distribution by industry SIC code
Total Federal Company Total Federal Company Total Federal Company
[Dollars in millions]

Total $77,502 $16,393 $61,109 $11,515 $637 $10,878 9.7% 2.8% 11.4%
Food, kindred, and tobacco products... 20,21 701 0 701 187 0 187 14.0 0.0 14.0
Textiles and apparel 2223 (D) (D) 143 (D) (D) 88 32.8 714 30.6
Lumber, wood products, and furniture....... 24,25 (D) (D) 130 (D) (D) 26 10.3 0.0 10.5
Paper and allied products 26 442 0 442 187 0 187 (D) (D) 149
Chemicals and allied products. 28 (D) (D) 7,696 (D) (D) 1,654 9.1 0.0 9.9

Industrial chemi 281-82,286 (D) (D) 2,965 (D) (D) (S) 34 0.0 (S)
Drugs and medicine: 283 (D) (D) 3,429 1,266 0 1,266 13.8 0.0 13.9
Other chemicall 284-85,287-89 (D) (D) 1,302 166 0 166 (D) (D) 71
Petroleum refining and extraction..... 13,29 757 11 745 (D) 0 (D) (D) 0.0 (D)
Rubber product: 30 702 0 701 235 0 235 (D) (D) 215
Stone, clay, and glass products.... 32 285 4 281 (D) (D) 41 231 96.5 77
Primary metal 33 374 16 358 (S) 0 (S) (S) 0.0 (S)
Ferrous metals and products... 331-32,3398-99 (D) (D) 147 (S) 0 (S) (S) 0.0 (S)
Nonferrous metals and products..... 333-36 (D) (D) 211 21 0 21 55 0.0 56
Fabricated metal product: 34 674 203 471 218 0 218 (D) (D) 237
Machinery. 35 5314 63 5,251 (D) (D) (S) (D) (D) (S)
Office, computing, and accounting machines..... 357 3,169 28 3,141 (S) 0 (S) (S) 0.0 (S)
Other machinery, except electrical.... 351-56,358-59 2,145 35 2,110 (D) (D) 562 (D) (D) 16.5
Electrical equipment 36 6,656 1,098 5,558 (D) (D) 3,458 (D) (D) 30.6
Radio and TV receiving equipment.... 365 (D) (D) 59 (D) 0 (D) (D) (D) (D)
Communication equipment. 366 (D) (D) 1,669 (D) (D) (D) 352 8.1 (D)
Electronic component: 367 (D) (D) 2,329 (D) (D) (D) (D) (D) (D)
Other electrical equipment. 361-64,369 (D) (D) 1,502 (D) (D) 464 127 0.2 15.6
Transportation equipment................ 37 24,060 8,954 15,106 1,252 (D) (D) 45 (D) (D)
Motor vehicles and motor vehicles equipment. 371 (D) (D) 10,071 45 0 45 (D) (D) 0.4
Other transportation equipment... 373-75,379 (D) (D) 72 (D) (D) (D) 43.0 100.0 (D)
Aircraft and missile: 372,376 12,903 7,940 4,963 (D) (D) (D) (D) (D) (D)
Professional and scientific instruments. 38 7,170 2,407 4,763 (D) (D) (S) (D) (D) 10
Scientific and mechanical measuring instruments......... 381-82 4,127 2,341 1,786 (D) (D) (S) (D) (D) 8.5
Optical, surgical, photographic, and other
instrument: 383-87 (D) (D) 2977 (D) (D) (S) (D) (D) 113
Other manufacturing industries 27,31,39 (D) (D) 433 140 0 140 (D) (D) 18.3
Nonmanufacturing industries. 07-10,12-17, 21,234 2,905 18,329 1,078 58 1,020 34 1.0 4.0
40-42,44-49,
50-59,60-65,67,
701,73,75-76,
78-79,80-81,
83-84,87,89
KEY: (D) = Data have been withheld to avoid disclosing operations of individual companies.

(S) = Data have been withheld because of imputation of more than 50 percent.

NOTE: The character-of-work estimation procedure was revised for 1986 and later years; hence, these data are not directly

comparable with data for 1985 and earlier years. See technical notes for a more complete discussion of this change.

SOURCE: National Science Foundation/SRS, Survey of Industrial Research and Development: 1993



COMPARABILITY OF STATISTICS

This section summarizes the statistical revisions
that have been made because of changesin survey
procedures and practices.

CURRENT-Y EAR CONSIDERATIONS

Revisionsto Immediate Prior-Y ear
Statistics

As has been the practice throughout the history of
the survey, results from the current-year survey are
used not only to develop current-year statistics, but
also to revise immediate prior-year statistics. Differ-
ences between originaly developed datistics and
revised statistics occur for three reasons: industry
shifts, data revisions, and the effects of a new sample
design.

Industry shifts. The movement of a company
from one industry into another can be caused by
severa factors, including changes in a company’s
payroll composition, which is used to determine the
industry classification code (see earlier discussion
under Frame Creation); changes in the industry
classfication system itself; and changes in the way
the industry classification code is assigned or revised

during survey processing. These are described below.

Payroll composition. A company’spayroll
composition may change because of a number of
events. Among them are (1) the growth or decline of
product or service lines; (2) the merger of two or
more companies, (3) the acquisition of one company
by another; (4) divestitures; and (5) the formation of
conglomerates. When it is determined that a
company’s payroll composition—and therefore its
industry classification—has changed, the company’s
data are reclassified into the new industry beginning
in the year of the change.

Industry classification system. Fromtime
to time the standard industrial classification (SIC)
coding system, which is used by most Federal Gov-
ernment agencies that publish industry statistics, is

13 Seedso the technical paper U.S. Department of Commerce,
Bureau of the Census, Design of the Survey of Industrial Research
and Development: A Historical Perspective (Washington, DC,
1995)

revised to reflect the changing composition of U.S.
industry. For statistics developed for 1988-91 from
the 1988-91 surveys, companies retained the industry
classifications assigned for the 1987 sample. These
classifications were based on the 1977 SIC system.
The last mgjor revision of the SIC system was for
1987, o this new system was used to classify compa-
nies in the 1992 and 1993 surveys. Consequently, the
1993 datistics and revised 1992 statistics in this
report were developed using the 1987 SIC system,
and minor data shifts are attributable to the system
change only when comparing current statistics with
pre-1987 statistics. For example, the 1987 system
expanded SIC 30, rubber products, to include a
variety of specific plastic products that may have
been classified elsawhere using the 1977 system.

Processing changes. Inresponseto per-
ceived changes in the amount and dispersion of R&D
among industries and findings of various quality
improvement initiatives and other research undertak-
ings, the sponsor of the survey, in consultation with
the compiling agent, from time to time seeks to
improve the coverage of the survey by revising the
method used to classify firms. Research has shown
that there is no impact on the aggregated statistics
because of these processing changes and the impact
on individua industry estimates is minor. * The
current method used to classify firms is discussed
earlier under Frame Creation. Methods used for past
surveys are discussed in atechnical paper. ** There
was no change in the way firms were classified or in
the way data were processed for the 1993 survey
compared with the 1992 survey.

Data revisions. Changes to reported data can
come from two sources. from respondents (see
earlier discussion under Survey Questionnaires) and

14 The effects of recent changes in the way companies are
classified during survey processing are discussed in detail in a
Bureau of the Census technical memoranda entitled Reclassifica-
tion of Companies in the 1992 Survey of Industrial Research and
Development for the Generation of the Analytical Series, Oct. 25,
1994, and Comparison of Company Coding Between 1992 and
1993 for the Survey of Industrial Research and Development,
Nov. 3, 1994.

15 U.S. Department of Commerce, Bureau of the Census,
Design of the Survey of Industrial Research and Development: A
Historical Perspective (Washington, DC, 1995).
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from analysts involved in survey and datistical
processing. Respondents from companies that were
in both the 1992 and 1993 surveys may have revised
previoudly reported data for 1992. Analysts, while
performing follow-up, may have corrected incorrectly
reported or supplied missing 1992 data.

Effects of a New Sample Design.
Changes to the sample design can dramatically affect
revisions to immediate prior-year estimates. The
most profound influence on the revisions to the 1991
dtatistics was the new sample design for the 1992
survey (see Research and Development in Industry:
1992 for a detailed discussion). The sample design
used for the 1993 survey was the same design used
for the 1992 survey so revisions to the original 1992
estimates were primarily because of industry shifts
and data revisions.

Recent Survey |mprovementss

Before the 1992 survey, the sample of firms
surveyed was selected at irregular intervals. 7 In
intervening years, a panel of the largest firms known
to perform R&D was surveyed. For example, a
sample of about 14,000 firms was selected for the
1987 survey. For the 1988 through 1991 studies,
about 1,700 of these firms were annualy resurveyed;
the other firms did not receive another questionnaire,
and their R& D data were estimated. This sample
design was adequate during the early years of the
survey because the performance of R&D remained
concentrated in the manufacturing industries. How-
ever, as more and more firms began entering the
R& D-performing arena, the old sample design proved
increasingly deficient because it did not capture births
of new R&D-performing firms. The entry of fledg-
ling R&D performers into the marketplace was
smply missed during pandl years. Additionally,
beginning in the early 1970s, the need for more
detailed R&D information for nonmanufacturers was
recognized. At that time, statistics for the broad
industry classifications miscellaneous business
services and miscellaneous services were added to the
list of industry groups for which statistics were

16 See also National Science Foundation, SRS Data Brief,
1992 R&D Spending by U.S. Firms Rises, NSF Survey Im-
proved (NSF 94-325), (Arlington, VA, Sept. 9, 1994).

7 During the early years of the survey, until 1967, samples
were selected every 5 years. Subsequent samples were selected
for 1971, 1976, 1981, and 1987.

116

published. By 1975, about 3 percent of total R&D
was performed by firms in nonmanufacturing indudtries .

During the mid-1980s, there was evidence that an
increasing number of nonmanufacturing firms were
conducting a significant amount of R& D, and again
the number of industries used to develop the statistics
for nonmanufacturers was increased. Consequently,
the annual reports in this series for 1987 and since
have included separate R& D estimates for firms in the
communication, utility, engineering, architectural,
research, development, testing, computer program-
ming, and data processing service industries; hospi-
tals, and medical labs. Approximately 9 percent of
the estimated industrial R& D performance during
1987 was undertaken by nonmanufacturing firms.

After the list of industries for which statistics were
published was expanded, it became clear that the
sample design itself should be changed to reflect the
widening population of R&D performers among firms
in the nonmanufacturing industries ¥ and small firms
in al industries, to account better for births of R&D
performing firms and to produce statistics that are
generally more reliable. Beginning with the 1992
survey, NSF decided to (1) draw new samples with
broader coverage annually and (2) increase the sample
size to approximately 23,000 firms. 2 Asaresult of
the sample redesign, for 1992, the reported nonmanu-
facturing share was estimated to be 25 percent of total
R&D.

18 For the 1992 survey, 25 new nonmanufacturing industry
and industry groups were added to the sample frame: agricultural
services (SIC 07); fishing, hunting, and trapping (09); wholesale
trade—nondurables (51); stationery and office supply stores
(5112); industrial and persona service paper (5113); groceries
and related products (514); chemicals and allied products (516);
miscellaneous nondurable goods (519); home furniture, furnish-
ings, and equipment stores (57); radio, TV, consumer electronics,
and music stores (573); eating and drinking places (581);
miscellaneous retail (59); nonstore retailers (596); real estate
(65); holding and other investment offices (67); hotels, rooming
houses, camps, and other lodging places (70); automotive repair,
services, and parking (75); miscellaneous repair services (76);
amusement and recreation services (79); health services (80);
offices and clinics of medical doctors (801); offices and clinics of
other health practitioners (804); miscellaneous health and allied
services not elsewhere classified (809); engineering, accounting,
research, management, and related services (87); and manage-
ment and public relations services (874).

19 Annual sampling also remedies the cyclical deterioration
of the statistics that results from changes in a company’s payroll
composition because of product line and corporate structural
changes.



Time Series Analyses

As discussed earlier, the statistics resulting from the
survey are better indicators of changesin, rather than
absolute levels of, R&D spending and personnel.
Nevertheless, the statistics are often considered as a
continuous time series that has been prepared using
the same collection, processing, and tabulation
methods. Such uniformity during preparation has not
been the case. Since the survey was first fielded,
improvements have been made to increase the reli-
ability of the statistics and to make the survey results
more useful. To that end, existing practices have been
changed and new procedures have been ingtituted.
Preservation of the comparability of the statistics has
been an important consideration when improvements
have been made, however. Changes to survey defini-
tions, the industry classification system, and the
procedure used to assign industry codes to multi-
establishment companies® have had some, though not
substantial, effects on the comparability of statistics. 2
The aspect of the survey that had a greater effect on
comparahility was the selection of samples at irregu-
lar intervals (i.e., 1967, 1971, 1976, 1981, 1987, 1992)
and the use of a subset or panel of the last sample
drawn to develop gtatistics for intervening years. As
discussed earlier, this practice introduced cyclical
deterioration of the statistics.

As compensation for this deterioration, periodic
revisions have been made to the dtatistics produced
from the panels surveyed between sample years.
Early in the survey’s history, various methods were
used to make these revisions. 22 Since 1976, a linking
procedure caled wedging has been used. 2 Simply

20 For discussions of each of these, see the Bureau of the
Census technical memorandum entitled Wedging Considerations
for the 1992 Research and Development (R&D) Survey, June 10,
1994.

21 see the Bureau of the Census technical memoranda
entitled Reclassification of Companies in the 1992 Survey of
Industrial Research and Development (R&D) for the Generation
of the Analytical Series, Oct. 25, 1994, and Effects of the 1987
SIC Revision on Company Classification in the Survey of
Industrial Research and Development (R&D), Dec. 6, 1993.

22 See U.S. Department of Commerce, Bureau of the
Census, Survey Design of the Survey of Industrial Research and
Development: A Historical Perspective (Washington, DC,
1995).

23 The process was dubbed wedging because of the
wedgelike area produced on a graph that compares originally
reported statistics with the revised statistics that result after
linking.
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described, in wedging, the two sample years on each
end of a series of estimates serve as benchmarks in
the algorithms used to adjust the estimates for the
intervening years.

Wedging Methodology

For afull discussion of the mathematical agorithm
used for the wedging process that linked statistics
from the 1992 survey with those from the 1987
survey, see the technical memorandum cited below.
In general, the memorandum states that wedging—

takes full advantage of the fact that in the first
year of a new panel [when a new sampleis
selected], both current-year and prior-year
estimates are derived. Thus, two independent
estimates exist for the prior year. The esti-
mates from the new panel are treated as supe-
rior primarily because the new panel is based
on updated classifications [the industry clas-
gficationsin the prior pand arefrozen] andis
mor e fully representative of the current uni-
verse (the prior panel suffers from panel dete-
rioration, especially a lack of birth updating).
The limitationsin the prior panel caused by
these factors are naturally assumed to in-
crease with time, so that in the revised series,
we desire a gradual increase in the level or
revision over time which culminates in the
real difference observed between the two inde-
pendent sample estimates of the prior year.

At the same time, we desire that the annual
movement of the original series be preserved
to the degree possible in the revised series.

To that end, the wedging algorithm does not change
estimates from sample years and adjusts estimates
from panel years, recognizing that deterioration of the
panel is progressive over time.

Wedged Versus Not-Wedged Statistics

One of the primary reasons for the decision to select
anew sample annualy rather than at irregular inter-
vals was to avoid the necessity to apply global
revision processes such as wedging. Conseguently,
the 1992 survey was intended to be the last one to
employ the wedging procedure.

24 Bureau of the Census technical memorandum, Wedging
Considerations for the 1992 Research and Development (R& D)
Survey, June 10, 1994.



RevisioNs To HisToRICAL

STATISTICS

Throughout the history of the survey, during regular
survey processing, al immediate prior-year statistics
have been subject to revision with results from the
current year's survey. Changes to older statistics,
however, usualy have been limited to revisions
because of changes in the industry classification of
companies caused by changes in payroll composition
detected when a new sample was drawn. Various

methodol ogies have been adopted over the years to
revise, or backcast, the data when revisions to histori-
cal statistics have become necessary.

Documented revisions to the historical statistics
from post-1967 surveys are summarized in Research
and Development in Industry: 1991 (NSF 94-325).
Detailed descriptions of the specific revisons made to
the dtatistics from pre-1967 surveys are scarce.
However, summaries of some of the mgor revisons
are included in the technical paper cited below. %

2 U.S. Department of Commerce, Bureau of the Census,
Survey Design of the Survey of Industrial Research and Develop-
ment: A Historical Perspective (Washington, DC, 1995).
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SURVEY DEFINITIONS

Cost PerR R& D ScienTisT OR

ENGINEER

The arithmetic mean of the numbers of full-time
equivalent (FTE) scientists and engineers engaged in
the performance of R& D reported for January in two
consecutive years divided into the total R& D expendi-
tures of the earlier year, with the ratio attributed to the
earlier year. For example, the mean of the numbers of
FTE R&D scientists and engineers in January 1992
and January 1993 is divided into total 1992 R& D
expenditures for atotal cost per R& D scientist or
engineer in 1992,

EmPLoyment, FTE R&D

SCIENTISTS AND ENGINEERS

Persons employed by the company during the
January following the survey year who are engaged in
scientific or engineering work at a level that requires
knowledge of physical, life, engineering, or math-
ematical science equivalent at least to that acquired
through completion of a 4-year college program with
amagor in one of those fields. The statistics in this

report show the FTE employment. The FTE isthe
number of scientists and engineers in the company
who are assigned full time to R&D projects plus the
number of non-full-time R&D scientists and engineers
prorated according to the fraction of their total work
time spent on R& D projects.

EmMPLOYMENT, TOTAL

Number of persons domestically employed by
R& D-performing companies in al activities during
the pay period that includes the 12th of March.

Federally Funded R& D Centers
(FFRDCs)

R& D-performing organizations administered by
industrial, educational, or other institutions on a
nonprofit basis, exclusively or substantialy financed
by the Federal Government. R&D expenditures of the
FFRDCs that are industry administered are included
with the Federal R& D data of the industry classifica-
tion of each of the administering firms. The industry-
administered FFRDCs included in the 1993 survey are
listed as follows.
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FFRDCs Supported by the Department  of
Energy:

Bettis Atomic Power Laboratory
Westinghouse Electric Corp.
West Mifflin, PA

Energy Technology Engineering Center
Rockwell International Corp.
Canoga Park, CA

Hanford Engineering Development Laboratory
Westinghouse-Hanford Corp.
Richland, WA

Idaho National Engineering Laboratory
EG& G ldaho, Inc.;

Westinghouse Electric Corp.

Argonne National Laboratory, West;
Rockwell Internationa Corp.;

Idaho Falls, ID

Knolls Atomic Power Laboratory
Generd Electric Co.
Schenectady, NY

Oak Ridge Nationa Laboratory
Martin Marietta Energy Systems, Inc.
Oak Ridge, TN

Sandia National Laboratories
Western Electric Co., Inc.—Sandia Corp.
Albuquerque, NM

Savannah River Laboratory
Westinghouse Electric Corp.
Aiken, SC

FFRDCs Supported by the Nationa
Ingtitutes of Health, Department of
Health and Human Services.

NCI Frederick Cancer Research Facility
Program Resources, Inc.
Frederick, MD

Funps ForR R& D, Company (AND OTHER)

Cogt of R&D actually performed within the com-
pany and funded by the company itself or by other

non-Federal sources by contract, not including the
cost of R& D supported by companies but contracted
to outside organizations such as research ingtitutions,
universities and colleges, nonprofit organizations, or
(to avoid double-counting) other companies.

Funps ForR R& D, FeDERAL.

Receipts for R&D performed by the company under
Federal R&D contracts or subcontracts and R&D
portions of Federal procurement contracts and
subcontracts.

FunpsFor R& D, TotAL.

Operating expenses incurred by a company in the
conduct of R&D in its own laboratories or other
company-owned or -operated facilities including
wages and salaries, materials and supplies, property
and other taxes, maintenance and repairs, deprecia-
tion, and an appropriate share of overhead, not
including capital expenditures.

NET SALES AND RECEIPTS.

Dollar values for goods sold or services rendered by
R& D-performing companies to customers (outside
the company), including the Federal Government,
less such items as returns, alowances, freight,
charges, and excise taxes. (Domestic intracompany
transfers and sales by foreign subsidiaries are ex-
cluded, but transfers to foreign subsidiaries and
export saes to foreign companies are included.)

REseaARCH AND DEVELOPMENT.

Basic and applied research in the sciences and
engineering and the design and development of
prototypes and processes, excluding quality control,
routine product testing, market research, sales promo-
tion, sales service, other nontechnological activities
or routine technica services, and research in the
social sciences or psychology.

Basicresearch.

Original investigations for the advancement
of scientific knowledge not having specific
immediate commercia objectives, athough
such investigations may be in fields of
present or potential interest to the reporting
company.
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Applied research.

Investigations for the discovery of new
scientific knowledge having specific commer-
cia objectives with respect to products or
processes. (Applied research differs from
basic research chiefly in terms of the objec-
tives of the reporting company.)
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Development.

Technical activities not routine in nature
concerned with trandating research findings
or other scientific knowledge into products or
processes. Not included are routine technical
services to customers or other activities
excluded above.
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