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1. Introduction.

The current project is an extension of work originally begun in the mid 1960s.
That work was based on the matching of R&D data collected on behalf of the NSF by
the Bureau of the Census during 1957-1965 with additional company data from the
1958 and 1963 Census of Manufactures and Enterprise Statistics. The universe
consisted of large (1000 or more employees) R&D performing U.S. manufacturing
companies. The final sample of 883 such companies accounted for over 90 percent
of total sales and R&D expenditures of all fimms in this universe. Because of
the confidentiality of the individual data, the final output which we receive in
1972--after many delays--was in the form of matrices of correlation coefficients and
standard deviations, broken down into six rather broad industrial groupings, and
we never had access to the actual individual observations. The final draft of
the analysis of these data was presented in 1975 at the Conference on Research on
Income and Wealth at Williamsburg. The actual published version came out only in
1980 (Griliches, 1980), about 14 years after the initiation of the project.

The main finding of that work was a rather consistent and positive relationship
between various measures of company productivity and its investments in research and
development. Cobb-Douglas type production functions, estimated on baoth Tevels {1963)
and rates of growth (1957-65) yielded an elasticity of output with respect to R&D
"capital" of about .07, an implied average gross excess rate of return to R&D
investments of about 27 percent (as of 1963), a significantly lower rate of return
to federally financed R&D expenditures, and no clear evidence of significant
scale effects either in R&D investment policies or the returns from it.

It obviously would be interesting to update the earlier data set and extend
the analysis into the more recent period focusing, in particular, on exploring
(1) the consequence of the deceleration and almost cessation of real growth in
R&D expenditures in 1969 and thereafter and (2) the relationship of this, if any,
to the productivity slowdown that became so visible in the mid seventies. Did
earlier estimated high rates of return to R&D persist or decline, as we moved
through the late sixties and seventies? What can we say more about the lag
structure of the effects of R&D on subsequent productivity growth? In the earlier
study with (on average) Tess than nine years of data available, no serious 1ag
structure questions could be asked. Currently, with a history of 21 years or
more, much more could be done in this regard. Also, one would like to have more
industrial detail then was made available earlier and to investiage other questions
(such as the relative impact of basic versus applied R&D investments) which one
could not do within the confines of the earlier data and study.

*Prepared for presentation at the Census Workshop on the Development and Use of
Longitudinal Establishment Data, January 14-15, 1982,
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In Tight of such considerations, discussions were initiated in 1976 between
Census, NSF, and Griliches about the possibility of updating and extending the
earlier data match and analysis. The outlines of the current project were largely
settled in 1977-78 when it became clear that the earlier work could not be simply
updated, since the earlier project tapes had been blanked inadvertently in the
~ interim. Also, it turned out that the 1958 and 1963 Census of Manufactures
summaries could not be retrieved in machine-readable form. Luckily, most of the
original R&D schedules could still be found, though they had to be repunched from
scratch. Thus, what started out as a simple update, became an almost entirely
new data gathering and matching effort, of significantly larger dimension than
originally anticipated. This fact, together with shorthandedness in the Census
programming and Special Surveys staffs, accounts for some of the subsequent
delays. Fortunately, the work on this project appears to be on track at the
moment. The original schedules have been repunched and matched to the later data
tapes; the data have been cleaned and many errors corrected; Sales, Value Added,
R&D, and investment deflators were developed, supplied to the Census, and
incorporated into the records; and the programming of the analytical runs has
been initiated.

II. The Data and Variables

The basic objective of this project is to create a matched body of data on
most of the large R& performing corporations in the U.S., making it possible
to analyze both the determinants and the consequences of R& spending overtime.
For this purpose, a time series record has been created for each company consisting
of the major variables in the annual R&D survey for each of the years 1957-1977,
supplementary R& information for selected years (1962, 1967, 1972, and 1975),
data from the Enterprise Statistics (NCK-1)} for 1967, 1972, and 1977, and a few
additional items from the Census of Manufactures establishment record summaries
for 1967 and 1972,

The universe of this data match consists of all "certainty" cases in the
1972 R&D survey; i.e., the basic definition is the population of companies as
they existed in 1972 (as against 1962 in the earlier study) and the requirement
of "certainty" assures that the Census Bureau tried to collect consistent data
for these firms for more than one year. The "certainty" cases correspond closely
to the earlier restriction to companies with 1000 or more employees, though it is
a bit more inclusive. There were approximately 1100 such companies in 1972. A
‘complete" record exists, however, only for a much smaller number of companies.
A number of different matching efforts were involved: First, a company's R&D
schedules had to be matched over time. A company, however, may not have existed
over the whole period as an independent entity, or was not in the R&D Survey in
some of the years. Second, separate matches had to be made to the Enterprise
Statistics (NCK-1) and Census of Manufactures summaries in 1967, 1972, and 1977.
Each of these matches could fail individualy, both because the relevant records
may not have been found, and because the definitions of a company on the different
surveys may have been inconsistent (due to different rules of consolidation,
treatment of foreign operations, etc.).

Table 1 gives detail on the industrial composition of the panel and also
some indication of the relative success of the various matching criteria. Roughly
speaking, if one requires a good match for at least two Census years, the effective
sample size is down to about 700 companies, though for a variety of cross sectional
questions, significantly larger sample sizes are feasible. Table 2 lists the number
of firms with good R&D data by individual year, showing both the growth of the R&D



collection effort over time and sample attrition in recent years due to merger
activity and sample redefinition. Table 3 1ists the means and variances for the
major variables as of 1972,

There are four major sources of data: 1. Historical data from the R&D
expenditures (including separately federally financed, basic, and "outside"
research), total employment, total sales, and the employment of scientists and
engineers, which in principle should be available in every year. 2. Detailed
data from the R&D survey on the distribution of R&D costs by type (labor, material,
etc.) and by product field. These data have been added to the record only for
the years 1962, 1967, 1972, and 1975 on the assumption that they do not change
rapidly over time. Unfortunately, the response rate to the detailed R&D question
is much lower, and this part of the record has a much higher rate of missing
values. 3. Manufacturing establishments summary data on value added and
manufacturing employment, and R&D performed in central and auxiliary offices of a
company, for the Census years 1967, 1972, and 1977. And 4, Enterprise Statistics
data (NCK-1) on sales, gross and net depreciable assets and capital expenditures
for the same Census years.

Given our interest in the analysis of productivity growth, our data can be
reclassified into: (1) Output measures (sales annually from HRD, value added
from Census of Manufactures for 1967, 1972, and 1977); (2) Employment measures
(total employment annually from HRD, manufacturing employment from the Census in
Census years); (3) Capital data (from Enterprise Statistics for Census years);
and (4) R&D data (annually from HRD, with additional mix detail for 1962, 1967,
1972, and 1979). We have also added to the record price indexes for the deflation
of sales and value added, at the 2-1/2 digit NSF recode detail (given in Table 1),
derived from the BEA and BLS price indexes tapes by 4-digit and input-output
detail, an R&D deflator based on the methodology suggested by S. Jaffee (NSF,
1972 and Griliches, 1981), and investment and capital stock deflators derived
from various NIPA publications.

As of the moment, two different versions of the data base are planned:
(1) The original combined record for each firm, corrected to the extent of any
known errors, but not cleaned or selected out. It keeps all of the original data
brought together and will be the basis of any additional or alternative analyses
of these data by us or others, and {2) A cleaned, selected, transformed and
reduced record, limited to the specific variables to be used in the analytical
runs to be described below. This record is described in the Appendix.

IIT. Analytical Framework*

The first round of our work will focus on the analysis of productivity growth
for these companies, using a rather simple growth account which can be summarized
along the following lines:

(1) Q= TC(C,L),
(2) T = G(K,0),
(3) K =EwiRt-i,

where Q is output (sales, or value added), C and L are measures of capital and
labor input, respectively, T is the current level of (average) technological
accomplishment (total factor productivity), K is a measure of the accumulated and
still productive (social or private) research capital ("knowledge"), O represents
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other forces affecting productivity, Ry measures the real gross investment in
research in period-t, and the ,i's connect the levels of past research to the
current state of knowledge.

For estimation purposes, the F and G functions are usually specialized to
the Cobb-Douglas form and 0O is approximated by an exponential trend. The whole
model then simplifies to

- a At B 18
(4) Q, = Ae Katc L s

where A is constant, X is the rate of disembodied "external® technical change,
and constant returns to scale have been assumed with respect to the conventional
inputs (C and L), Alternatively, if one differentiates the above expression with
respect to time and assumes that conventional inputs are paid their marginal
products, one can rewrite it as

(5) f=gq-8c- (1-8)1 = + ak,

where f is the rate of growth of total factor productivity, lower-case letters
represent relative rates of growth of their respective upper-case counterparts

[ x = XX-= (dX/dt)/X] , and g 1is the estimated factor share of capital input.
Equation (5) is a constrained version of (4).

Up to now, we have been deliberately vague as to the operational construction
of the various variables. The difficulties here are myriad, (see Griliches 1979
for more detailed discussion). Perhaps the two most important problems are the
measurement of output (Q) in a research-intensive industry (where quality changes
may be rampant), and the construction of the unobservable research capital measure
{(K). Postponing the first for later consideration, we note that K = ZWjR¢-i can
be thought of as a measure of the distributed lag effect of past research invest-
ments on productivity. There are at least three forces at work here: the lag
between investment in research and the actual invention of a new technique or
product, the Tag between invention and the development and complete market
acceptance of the new technique or product, and the disappearance of the technique
or product from the currently utilized stock of knowledge due to changes in
external circumstances and the development of superior techniques or products by
competitors (depreciation and obsolescence}. These lags have been largely ignored
‘by most of the investigators. The most common assumption has been one of no or
little lag and no depreciation. There is some scattered evidence, based largely
on questionnaire studies that such lags are rather short in industry, where most
of research expenditures are spent on development and applied topics, and where
the private returns from R&D obsolute much faster due to the erosion of a firm's
specific monopoly position (Pakes and Schankerman, 1978).

Because of the difficulties in constructing an unambiguous measure of K,
many studies have opted for an alternative version of equation (5), utilizing the
fact that
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dQ K K = dg
ak =dk QK dKQ

and

| 7=

allowing one to rewrite (5) as
(5") f=X+ ak =2+ pIg/Q

where p is the rate of return to research expenditures (the marginal product of
K} while Ip/Q 1is the net investment in research as a ratio to total output.

In practice, to make some connection between gross and net investment in research,
one needs information about its “depreceiation" which, if available, would have
allowed us to construct a measure of K in the first place. Note that in esti-
mating (5) or (5'), one assumes that either o or p are constant respectively
across firms of industries. It is not clear, a priori, which is the better
assumption.

While our models are written as if the main point of research expenditures
is to increase the physical productivity of the firm's production process, most
of the actual research in industry is devoted to the development of new products
or processes to be sold and used outside the firm in question. Assuming that, on
average, the outside world pays for these products what they are worth to it,
using sales or value added as our dependent variable does, in fact, capture the
private returns to such research endeavours. However, the observed private ;
returns may underestimate the social returns because, given the competitive !
structure of the particular industry, the market price of the new product or i
process will be significantly below what consumers might have been willing to pay
for it. On the other hand, part of the increase in sales of an individual firm
may come at the expense of other firms and not as the result of the expansion of
the market as a whole. Also, some of the increase in prices paid for a particular
new product may come from changes in the market power of a particular firm induced
by the success of the research program. Moreover, some of the gains in productivity
or in the sales of new products may be based on the research results of other
firms in the same or some other industry. Such factors could result in the
observed private returns overestimating the social returns significantly. We
will not be able to say much about the net impact of such forces on the basis of
the data at hand. This would require a detailed comparison of the individual
firm results with estimates based on industry and economy-wide returns to research,

a topic beyond the scope of this project. But since expected private returns

are a determinant of private investment flows into this activity, our work should
be of some interest even if it will not be possible to answer the social-returns
question unequivocally.

Such a framework can, of course, be extended to encompass many additional
questions. For example, are different types of R&D (private vs. federal, or
basic versus applied) equally "potent" in generating productivity growth? Does
firm size, the size of the research program, whether the bulk of it is located in
a research laboratory or not, and the specific industrial location (and diversifi-
cation) of the firm make a difference to the outcome? Have the answers to such

questions changed over time?



56

Given the pecularities of our data--its unbalanced nature {many missing
observations towards the beginning and end of our period), the availability of
capital and value added only for Census years, our desire to preserve compara-
bility with the earlier study, and the difficulties of doing elaborate programming
inside the Census--we shall concentrate our attention on two major dimensions of
the data: levels (in 1967, 1972, and 1977) and growth rates (between 1967 and 1972,
1972 and 1977, and 1957-65 and 1966-77), and eschew any attempt at a complete
annual data analysis. We shall summarize instead the annual data by computing
average growth rates for two subperiods 1957-65 (corresponding to the earlier
study period) and 1966-77, based on regressions of the logarithms of the relevant
variables on time trends (solving thereby the missing years problem within each
of these subperiods), by computing first differences between the level variables
in the Census years (1967, 1972, and 1977), and use them also in the construction
of "R&D capital” stock series based on alternative lag and depreciation assumptions.

The first equation to be estimated will be based on the analysis of growth
rates between 1967-72 and 1972-77, Subsequently, we shall also analyze the levels
of productivity in 1967, 1972, and 1977, jointly, using the methodology of panel
data analysis of the two sets of smoothed growth rates {1957-65 and 1966-77),
focusing especially on the comparison of the first set with the results of our
eariier study (we still have the moment matrices from that study even though the
actual original firm data have been lost). Finally, we shall focus on the 1972
cross-section, which should have data for almost all of our companies and
investigate the characteristics of the companies which are missing in some of the
other periods and sub-samples.

IV. Administrative, Statistical, and Conceptual Difficulties

Anybody trying to work with Census-collected micro-data sets faces two major
problems: (1} Confidentiality of the records, and (2) Thinness of the Census
in-house management and programming resources. If the data were not confidential,
one could "take them away" and not have to depend on the Census Staff to implement
the various desired programming and statistical procedures.

The confidentiality problem will be handled in this project by not releasing
any individual data but only the correlation matrices (and standard deviations)
between the various variables, based on relatively targe samples of firms. Thus,
there will be no way of identifying the variables or fortunes of a particular
firm. To assure this will require the combination of some of the industries
listed in Table 1, where the number of final "clean" firms may turn out to be
rather small. It is our assumption that no industry detail will be made available
where there is less than about 20 "surviving" firms in the sample.

Because of resource constraints at the Census, it is impossible, for example,
to contemplate attempts to fit more complicated production function forms {such
as the CES) or do a detailed selectivity or missing data correction a la Heckman
(1879) or Griliches, Hall, and Hausman (1978). These procedures require non-
Tinear estimation methods and would hopelessly strain the programming and computer
resources at the Census. Thus, we are forced, willy nilly, to settle for relatively
simple linear models, models whose parameters can be computed on the basis of
second-order moments and correlation matrices. An attempt to compensate for some
of this is made via the inclusion of a number of additional mix variables, of the
X1/Xj form, which should allow us to take some of the potential non-linearities
into account. :



From a substantive point of view, we had to deal with (at least) the following
data problems: Missing data, erroneous data and possible erroneous matches, and
mergers. Except for R&D data, we have made no special effort to replace missing
values by various inputation procedures. It was our notion that the basic data
set represents what the Census did collect, what we actually know, and that any
imputation procedure should be done only in the context of a particular research
project where its implications for the final analysis could be interpreted. As
far as the R&D data are concerned, the Census used the shuttle nature of the
original questionnaires to fill in many of the original blanks. To the extent
that there remain missing values which are not due to the fact that the whole
company is missing before or after some date, we need to interpolate them for the
construction of the various "R&D capital® series. This will be done on the basis
of the estimated growth rates (which require at least four good data points within
each sub-period). For other variables, missing values will not be imputed (it
is not possible, with the constraints of this project, to develop optimal imputation
procedures which would require several repeated passes at the original numbers).
Instead, we shall base our analysis either on reduced "clean" samples or on "pair-
wise present" correlation coefficient matrices.

Data cleaning consisted of a review of all major variables by the Census
staff, the development and running of an "outliers" program, the manual checking
of its results, and the correction of some of the mispunches and other errors
found. The final runs will be constrained to have non-zero values for the major
variable of interest, such as R&D, sales, value added (non-negative), employment,
and capital stock; "reasonable" values for some of the other variables in the
sense of not exceeding certain ratios {e.g. R&D/Sales £ 1), and "good" NCK-T
matches, in the sense that sales and total employment reported on both schedules
(the R&D Survey and NCK-1) should not differ by more than a third from each
other. If they do, then the presumption is that the two surveys are dealing with
different or at least differently defined companies, and we treat the NCK-1 data
as missing.

In addition, there is a very serious merger problem, in the send that the
historical data associated with a company at a particular point of time may not
really represent correctly the company's history as of that data, if it had
recently acquired another company (about whose history we know very little). Some
of the known mergers have been handled by the Census staff either by using the
shuttle nature of the questionnaire to reconstruct some of the relevant history,
adding together two company records if they merged subsequently and both companies
had been in the survey, or by declaring the company as “unmatched" before or
after a merger. Only a small number of the known cases was handled in this
fashion, however, leaving an unknown amount more in the data. To guard ourselves
against the largest cases, we tested for “large jumps" in R&D, sales, and
employment, defining them as a jump of more than 100 percent (and more than
$1 million) between two adjacent years for R&D, and more than 50 percent for
sales and employment. Observations that fall outside these bounds will be deemed
as occurring because of mergers (or dispositions) and the history preceding (or
following) such a jump will be declared as “unmatched."”

From an econometric point of view, we have to deal with the problem of firm
effects (or firm specific left-out variables) and the possibility that the relation-
ships we are trying to estimate may not stay constant either across firms or
across time. Existing econometric techniques can deal adequately with additive
differences among firms that are constant over time (see Chamberiain 1981 and
Mundlak 1978) but the problem of missing initial capital values (such as due to
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missing initial R&D histories} whose influence depreciates over time is more
difficult to handle. Two possible approaches are suggested in Griliches and
Pakes (1980). 1In the first round of our study, fixed effects will be handled by
analyzing first differences or growth rates, transformations that eliminate any
unchanging effects from the model.

The problem of differences across firms can be handled in part by calculating
total factor productivity, using each firm's estimated factor shares as weights,
allowing thereby for different capital and labor coefficients. It can also be
handled by estimating separate and different parameters for the various industry
groupings and by including some of the other variables available in the record
which might distinguish one firm's environment and response pattern from another's
(such as its specialization ratio, size, or vertical integration}. The main
hypothesis under investigation, that the returns to R&D investments may have
declined over time, will be tested both by comparing estimates based on the more
recent data with the earlier results, and by allowing and testing for systematic
changes in the estimated relationships between the three available cross-sections.

V. Suggestions for Data Expansion and Future Research

The work outlined above represents only a small fraction of the range of
research topics which could be pursued with these data. Nothing has been said
yet, for example, about studying the determinants of R&D, the choice between
investing in basic versus applied research, and the influence of industry structure
on R& investment and on subsequent technological performance. A persual of the

variables Tisted in the Appendix should suggest many other research ideas.

These research possibilities could be enriched even further by expanding
this data base to incorporate additional data already available at the Census
Bureau and by developing the capabilities for incorporating further information
from the outside. As of now, there are a number of important variables from the
1977 Censuses which are still not part of this data base, in particular data on
manufacturing employment and payrolls and on R&D activity in the central and
auxiliary company offices. Also, it should prove relatively easy, while these
data are being worked on, to add at least three more R&D Survey years to the
data base. In extending the data base, it would probably be wise to redefine the
universe to represent a more recent date, say 1976, and not insist on historical
matching too far back. Given the changing nature of our firms and the various
merger waves, an attempt to get a consistently Tong (20 plus years) series for
each firm would reduce the sample greatly and lead to rather adverse selection,
leaving out the new, changing, and successful firms.

In the longer run, it would be desirable if the Census would acquire the
capability of merging into its data bases other, publicly available information
on these firms, such as the number of patents from the OTAF tapes, and income,
balance sheet and stock market valuation data (from the 10-D schedules or the
Compustat Tapes), all of which could be very useful to a full analysis of the
costs and consequences of R&D investments (see Griliches, 1981 for a first attempt
in such a direction). There does not seem to be any substantive reason, except
for administrative and budgetary difficulties (no small matters these days) which
should make it infeasible to merge such public data sets with the Census' own
confidential data. The long-run difficulty in developing more extensive, detatled,
and sophisticated analyses of Census-collected micro data sets is the absence of
a strong in-house research arm at the Bureau itself, with its own programming and
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Notes to Table ]

HRD in 67 & 72ecscccccanan Data on Sales, Employment, and Total R&D present in
both 1967 and 1972.

HRD & NCK-1, 67 & 72--aoa- Same as above but also requiring the presence of Value
Added, Total Employment, and Capital Expenditures from
the Census of Enterprises (NCK-1) file.

HRD & NCK-1, 72 & 77------ Same as above but for 1972 and 1977.
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Table 2: Number of Firms in Panel Reporting Total R&D Expenditures by Year,

1957-1977
YEAR NUMBER
1957 67
1958 727
1959 750
1960 745
1961 800
1962 846
1963 834
1964 858
1965 868
1966 8N
1967 1000
1968 1002
1969 1013
1970 1063
1971 1076
1972 1079
1973 1060
1974 1030
1975 876
1976 875

1977 801



Table 3: Major Variables in 1972--Total Sample

Variable

Sales in Million $

Total Employment

R&D Scientists and Engineers

Federally Finances R&D
Expenditures, in Million §

Total R&D Expenditures, in
Million $

Company Finances R&D Expend-
itures, in Million $

Value Added

Gross Assets

Number of Good or
Non-zero Observa-

tions Mean

1,079 480

1,079 11,360

1,072 307
276 28.3
1,079 17.1
1,072 9.9

829 236

848 353

Standard

Deviation

1,251
27,726
1,220

96.4

46.7
666
9

635
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