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Economists have identified R&D investment as an important
determinant of productivity growth. The objective of this paper
is to examine the association between R&D and productivity growth
using the most comprehensive and accurate longitudinal microdata
yet available for productivity analysis. These data allow for
improvements in measurement and model specification, yielding
more efficient estimates of the effects of R&D investment on
productivity.

Our empirical investigation of the strength of the R&D-
productivity connection is based on estimation of reduced-form
equations derived from the R&D Capital Stock Model (Griliches
1975), which asserts that the stock of a firm’s technical
knowledge or its knowledge capital is itself a factor of
production. If the rate of depreciation of knowledge capital is
assumed to be negligible, TFP growth is a function of the
"intensity" of R&D investment, which is usually measured as the
ratio of R&D expenditure to sales:

(1) DTFPt - a + ﬂRDINTt +ou,
where u, is a classical disturbance term. The coefficient on R&D
intensity (8) is interpreted as a marginal product or "rate of
return" to R&D investment. Point estimates at the company or

line of business level are interpreted as measures of the privatce
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rate of return to R&D, or those that accrue to the firm or its
investors. Due to incomplete appropriability or other factors,
this return may not equal the social return to this activity.

This paper discusses and adjusts for the limitations of
existing micro-level empirical studies, which have provided
estimates of the private rate of return to R&D. While these
studies have been useful, productivity estimates at the firm or
line of business level contained therein have been based on crude
and incomplete measures of output and inputs. The most serious
measurement problem has been an inability to control for
diversification when calculating firms’ productivity. More
specifically, productivity estimation in these studies has often
been based on the assumption that firms operate in only one line
of business (4-digit SIC industry). To the extent that the
relative prices of firms’ outputs and inputs vary across
industries, this approach introduces an element of noise into
estimation of TFP growth (DTFP). Even if it is uncorrelated with
R&D intensity, this measurement error will reduce the efficiency
of estimates of 8. We demonstrate that measures of TFP growth
based on linked Census R&D-LRD D;ta are more precise, because we
can calculate firms’ real output and input at the &4-digit SIC
industry level and aggregate to the firm level. As expected froun
the standard errors-in-variables model, this reduction in
measurement error from improved deflation yields more efficient
estimates of the rate of return to R&D.

An empirical example is presented that illustrates the



extent to which more precise TFP measurement leads to more
efficient estimates of rates of return to R&D. This example is
derived from a pilot study perfogmed by the authors (Lichtenberg-
Siegel (1988)), based on linked R&D-LRD data for a sample of 115
firms for the years 1972-1980. Having demonstrated the
desirability and feasibility of using linked Census R&D-LRD data
to examine the R&D-productivity cornection, a comprehensive
analysis of rates of return to R&D is undertaken, using a full
sample of over 2,000 firms. Given our ability to disaggregate R&D
investment, we can discriminate between the returns to R&D by
source of funds (company-funded vs. federally-funded R&D) and by
character of use (basic research vs. applied research and
development). Also, the panel structure of our data allows us to
explore the time series properties of these rates of return
throughout the sample period. The sensitivity of our results to
outliers (influential observations) is also examined. Finally,
we address Schumpeterian issues -- are the returns to R&D an
increasing function of firm size? The last section is devoted to

a summary of the conclusions that can be drawn from our empirical

analysis.



I. De tion o ke u -

Our examination of these issues is based on two confidential
longitudinal data sets that were made available to us as
participants in the ASA/NSF/Census Research Program. The
Longitudinal Research Database (LRD), which brings together data
from the Annual Survey and Census of Manufactures, will be used
to measure productivity at the firm level (based on plant-level
data). The LRD file is the richest source of annual data
collected from manufacturing establishments, containing detailed
information on their output and inputs. Comprehensive
information on the characteristics of this file is presented in
McGuckin and Pascoe (1988).

To study the relationship between R&D and productivity, we
linked the LRD file to the NSF/Census firm-level Annual Survey of
Industrial R&D (RD-1 Survey). The RD-1 Survey contains
comprehensive data on firms’ R&D investment and its distribution
by source of funds (company vs. federally-funded R&D), character
of use (basic vs. applied, product field), and many other
classifications. The importance of the RD-1 Survey is
demonstrated by the fact that it serves as the basis for the
official United States R&D statistics, as published by NSF.1
A previous study, Lichtenberg-Siegel (1988), was based on

linked R&D-LRD data for a sample of 115 large firms. In this

1 .
See Lichtenberg (1989) for a discussion of the RD-1 data,

including a comparison of them with other (e.g. Compustat) R&D
data.



paper, we analyze the R&D-productivity connection for a
substantially larger and more representative sample of firms

the complete universe of firms in the linked R&D-LRD data set--

over 2,000 companies. Definitions of key variables appear in
Table 1. Table 2 contains descriptive statistics for these
variables. R&D intensity values are derived completely from

information contained in the NSF R&D Survey. That is, R&D
expenditure, employment, and sales figures reported are
consolidated, domestic, firm-level values. We have computed
average annual values of each variable for three periods, 1973-

1976, 1977-1980, and 1981-1985.2

Productivity performance appears to have improved in the
later periods. Average annual TFP growth declined 1.4 percentage
points during period one and remained virtually constant in
periods two and three. This result is consistent with the
general improvement in aggregate economic performance during
these years. A second stylized fact is that there is only a
small degree of variation across periods in all measures of R&D
intensity. For example, the average R&D intensity during periods
one, two, and three were 2.4%, 2.4%, and 2.8%, respectively.3

While our measures of the intensity of R&D investment are

based on consolidated, company-wide numbers, our estimates of

Explicit information on the construction of these variables
is contained in the data appendix.

The unbalanced nature of reporting is due to the fact that
firms are not required to report R&D expenditure by character of
use (basic vs. applied research and development) and R&D
scientists and engineers by source of funds.



firm productivity are based on data collected from the LRD file.
This file contains information only for manufacturing
establishments that were sampled continuously in the Annual
Survey of Manufactures (ASM) for the years 1972-1981. The mean
value of the "coverage ratio"” COVRAT (the ratio of a firm's total
LRD shipments to its consolidated sales) suggests that on
average, we are capturing a substantial proportion (approximately
82%) of each corporation’s domestic sales. In the next section,
we discuss how these linked R&D-LRD Data can be used to estimate

the effects of R&D on productivity growth.

II1. The Relationship Between R&D Investment and Total Factor

Productivity-Review and Critique of Existing Studies

Previous studies have demonstrated that productivity
growth is positively correlated with the intensity of R&D
investment (usually measured as R&D expenditure per dollar of
sales). Qur reservations concerning attempts to assess the
impact of R&D on productivity are not grounded in doubts relating
to the theory that is used to explain this relationship.a Our
concern, however, is directed towards the poor quality of

productivity measurement inherent to previous empirical

In contrast, Nelson (1987) criticizes the interpretation of
the empirical results contained in these studies. He argues that
R&D intensity is not exogenous; in fact, it is determined by
"technological opportunity” and appropriabilicy conditions in
specific industries. To some extent, we will control for these
factors by measuring each firm’s R&D intensity as a deviation

from the average R&D intensity in its home industry (2-digit
SIC).



implementation of the basic theoretical model.

This model (see Griliches (1979)), common to most existing
empirical studies, is based on a Cobb-Douglas production
function, including the stock of technical knowledge as a factor

of production:

3 ﬂi a
(1) Q((t) = Aoexp(At) ” Xi(t) R(t)
i=1
with

A = a constant

0
A = a disembodied Hicks-neutral technical change parameter
Xl(t) = K(t) = the stock of physical capital
Xz(t) = L(t) = labor input
X3(t) = M(t) = materials (inlcuding energy)
R(t) = the (unobservable) stock of technical knowledge
ﬁi =~ output elasticity of factor i
a = output elasticity of the stock of R&D

An index of TFP is defined as:

(2) TFP(t) = —=-3882___

Taking logs, differentiating with respect to time, assuming
constant returns to scale, imposing the condition that the output
elasticities of the conventional inputs equal their respective
shares in total cost (factors are paid their marginal products),
and reparameterization of the output elasticity of R&D (see

Terleckyj (1974)), yields:

R
(3) DTFE_ = A + pg + 4
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where p is the marginal product of research capital, or the "rate
of return” to R&D investment, X is the rate of disembodied
nexternal” technical change, and p is a classical disturbance
term. Assuming Zero Or negligible depreciation of R&D,

g i{s measured as the "intensity," of R&D investment, or
the R&D to sales ratio. As discussed in the data appendix, the
dependent variable, total factor pvoductivity growth (DTFPC), is
calculated based on a Torngvist approximation to the continuous
Divisia index of output and inputs. Equation (3) therefore
consititutes the "intensity" version of the R&D Capital Stock
Model.

Recent examinations of the relationship between R&D and
productivity have yielded somewhat contradictory results. Papers
based on data collected from the 1950's and 1960's have found
positive effects of R&D on productivity. However, in several
studies using 1970's data, including Agnew and Wise (1978),
Griliches (1980b), Link (198la), and Scherer (1981), the R&D
coefficient failed to achieve statistical significance. On the
other hand, Mansfield (1980), Griliches-Lichtenberg (1984),
Griliches-Mairesse (1984), Griliches (1986), and Lichtenberg-
Siegel (1988) have found that the association between R&D and
productivity did not collapse during the 1970's.

An important consideration in analyzing the effects of R&D
on productivity is the level of aggregation of the data. Early
studies used economy-wide or industry time series, leading to

parameter estimates that have been interpreted as measures of the
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social return to R&D. Several R&D-productivity studies have also
been undertaken at the firm-level (Minasian (1969), Mansfield
(1980), Link (198la), Griliches (1980a, 1986), and Griliches-
Mairesse (1984)) and the business segment level (Clark-Griliches
(198&)).5 A micro level analysis is desirable because of greater
degrees of freedom and the ability to evaluate private returns to
R&D.

While these papers were useful, they were subject to some
major restrictions. One problem is that many studies were based
only on data collected from firms whose shares are publicly
traded.6 Also, public access files such as Standard and Poor's
Compustat file, which is derived from firms’ 10-K reports to the
SEC, contain information only on company-funded R&D expenditure.
This lack of detailed R&D data is bothersome because recent
empirical work by Mansfield (1980), Griliches (1986), Griliches-
Lichtenberg (1984), and Link (1981b) has focused on differences
in productivity returns to specific components of R&D investment

(e.g. basic research).7

5Mansfield (1980) used industry-level and firm-level data to
estimate the productivity impact of basic research. His results
were similar in both cases. The company-level estimates were
based on data provided by 10 petroleum firms and 6 chemical firms.

6The Clark and Griliches (1984) study is based on the
proprietary PIMS file collected by the Strategic Planning
Institute (SPI).

7Mansfie1d (1980), Link (1981b), and Griliches (1986) find
evidence of a productivity "premium" on basic research.
Griliches (1986) and Griliches-Lichtenberg (1984) conclude that
privately-financed R&D (but not federally-financed R&D) has a
strong effect on productivity growth.
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Productivity estimates in existing micro level studies are
based on crude and incomplete measures of output and inputs,
Public access files include no information on the number of hours
worked and energy and materials data are often missing. The
major problem associated with estimates of productivity in
previous papers has been an inability to control for firm
diversification. When computing real values of output and
inputs, industry déflators must be applied to nominal variables.
These deflators may vary greatly across different lines-of-
business in a given firm. However, public information concerning
a given firm's activity in different industries is remarkably
limited.8 As a result, in most firm-level studies, productivity
estimation has been based on the assumption that firms operate in
only one 4-digit SIC industry with real variables calculated
according to a single set of price deflators.

In Lichtenberg-Siegel (1988), we {llustrated the problems
associated with the single-industry classification process by
presenting this simple example: Assume that a firm operates in
two 4-digit SIC industries.

Let VQlt - The firm's output in current dollars, in

industry 1 at time t
VQ2_ = The firm's output in current dollars, in

t

industry 2 at time t

Compustat, for example, provides only one or several &4-
digit SICs for the corporations it samples. Most importantly,
the distributions of the variables needed to construct total or

partial productivity are unavailable at the line-of-business
level.
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PQlt = The price deflator for industry 1 at time ¢t

PQ2t = The price deflator for industry 2 at time ¢
1f VQlt > VQ2c then industry 1 is considered to be the firm’s
major line of business at time t, and industry l's price deflator
is applied to the firm’s nominal output, to calculate real
output. Thus, the conventjonal (using publicly-available
information) methodology yields:

vQl _+vQ2
(M1) Q. = ---fzi~—--

We believe that the proper way to measure real output is to take
account of diversification,9 by deflating the firm’'s nominal
output in each industry, and then aggregating real output to the

firm level. The preferred measure of real output is:
VQlt
(M2) Q¢ - 531 * P42
t
It is clear that Qt and Qé will grow at different rates if there
are changes in the relative price of the two industries’ outputs.
Similar issues are associated with the measurement of real input
of diversified firms.
An errors-in-variables argument may be invoked to explain
the deviations from the basic regression model that are inherent
to each method of TFP estimation, the "conventional"” (M1l) and the

"preferred" (M2) methodologies. Equation (3) is restated as:

*
(4) DTFPt - BRDINTt +u

9Gollop and Monahan (1984), using quinquennial Census of
Manufactures data for 1963-1977, present evidence that firms are
becoming increasingly diversified.
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where
RDINT = the firm's R&D intensity in year t
DTFP: - the firm's true TFP growth in year t
u, - a classical disturbance term
Using the preferred methodology (M2), we observe:
*
(5) DTFPt - DTFPt + o6,
where “1¢c is due to incomplete coverage of firm's establishments,
an inability to completely measure the firm's "true" level of
diversification, and errors in the industry deflators.10 In
estimating productivity growth according to the conventjonal
methodology (Ml), we believe that the following is observed:
*
(6) DTFPE - DTFPt LS PR L
The additional error term, €opr is due to a failure to control
for diversification beyond a single 4-digit SIC industry.
The dependent variable is measured with error in both cases.

We invoke the usual errors-in-variables assumptions:

E(ut) - E(elt) - E(ezt) - cov(RDINTt,ut) - cov(RDINTt,elt)

- cov(RDINTt,ezt) - cov(ut,elt) - cov(ut,ezt) - cov(elt,ezt)

-0
The error terms have zero mean, are pairwise uncorrelated, and
are uncorrelated with both the independent variable and the
classical disturbance term.

Under these assumptions, both the conventional and preferred
methodologies yield unbiased parameter estimates. However, the

conventional methodology (Ml) produces "noisier"” estimates:

10
See Griliches and Lichtenberg (1989) for a description of
errors in industry deflators.
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var(DTFPé) - 02

2
1 + oo, + ag > var(DTFPt) - 02 + a;

1
where
a; - the "true" variance of total factor productivity
growth
The point estimate of the rate of return is not affected by this

additional measurement error, but the preferred methodology

provides more efficient estimates:

A 4 +al+a§ A ai+a§
________ > —————
var(ﬂ(ul)) ERDINT2 Var(ﬁ(uz)) ERDINT2

In order to assess the importance of these alleged gains in the
precision of TFP estimation generated by the "preferred"
methodology, we calculated variants of our regression model using
(M1) and (M2) in Lichtenberg-Siegel (1988). For a sample of 115
of the largest R&D performing companies, the standard deviation
of the conventional measure of TFP growth was 29% higher.
Analysis of the regression results from the pilot study
reveals that the additional variance associated with the
conventional methodology is also uncorrelated with R&D. Tables 3
and & (from Lichtenberg-Siegel (1988)) are based on regressions
of average annual productivity growth on average annual R&D
intensity (for two periods: 1973-1976 and 1977-1980), using the
standard (M1) and improved (M2) meihods, respectively, to
calculate TFé. In columns (b) and (e), R&D is disaggregated by

source of funds, while in column (c), it is classified by
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character of use.11 The point estimates in both tables are quite
similar, as expected. However, LRD-based TFP measures provide
more efficient estimates, as evidenced by the substantial
increases in R2 that arise when we calculate TFP under (H2).12
Across columns (a)-(e), R2 increases 30.8%, 46.3%, 69.2%, 88.2%,
and 38.1% when we control for firm diversification (Table 4).
Due to the overall improvement in goodness of fit when we adopt
(M2) rather than (Ml), the virtues of using the LRD file to

estimate TFP have been firmly established.

III. Rates of Return to R&D Using Linked Census R&D-LRD Data

Having developed a procedure to measure productivity with
greater precision in Lichtenberg-Siegel (1988), this section
consists of a comprehensive analysis of rates of return to R&D
investment using the complete set of over 2,000 firms in the
linked Census R&D-LRD data set. Our sample, which includes many
small, private firms, is a highly representative sample of
companies performing industrial R&D. Table 5 demonstrates that
the companies in our sample accounted for 84% of R&D performed
(by industrialifirms) in the United States in 1976. The sample

coverage ratios are also quite high for sales, employment, and

llln Tables 3 and 4, columns a,b,d, and e are weighted least

squares results, to adjust for heteroskedasticity due to
incomplete firm "coverage"” in the LRD file. That is, we believe
that estimates of firm productivity based on only a small
fraction of its manufacturing plants are somewhat less reliable,
or "noisy." Still, on average, we captured 85% of a firm's sales.
121n comparing parameter estimates from these two tables, we
note that corresponding regressions (columns (a)-(e)) are based
on the same number of observations and R&D intensity values.
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all measures of R&D.

In Section II, we discussed how use of linked R&D-LRD data
allows us to measure productivity more precisely at the firm
level. This is due to our ability to observe more complete
measures of firms’ output and inputs across industries. However,
LRD estimates of a firm’s productivity are based oply on its
continuously operating (between 1972 and 1981) manufactuting
plants. Ve hypotheéize that companies with a high percentage of
their output ié LRD establishments have their pfoductivity
measured more accurately than firms with low percentages of LRD
activity. We found that the inability to measure firms’ total
output and inputs introduced an element of heteroskedasticity
into OLS estimation of equation (3).

Thus, weighted least squares estimates for variants of

equation (3) are presented in Table 6. The weight for these
regressions is (COVRAT)1/2. where COVRAT = the ratio of the
firm'’s LRD shipments to its consolidated domestic net sales.
These results are based on regressions of average annual TFP
growth on average R&D intensity values for three periods, 1973-
1976, 1977-1980, and 1981-1985. In order to control
(imperfectly) for inter-industry differences in R&D intensity due
to differential "technological opportunity" and appropriability
conditions, we measure each firm’s R&D intensity as a deviation
from the average R&D intensity in its home industry (2-digit

SIC).13 The parameter estimates of Table 6 will be compared with

13All of our regressions control for these industry effects
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those from existing macro/industry and firm/line of business
empirical studies in Table 7.

As discussed in Section II, it is generally believed that
parameter estimates from industry-level studies measure social
returns to R&D, while estimates derived from micro studies
capture private returns to R&D. Therefore, we do not expect
parameter estimates based on models estimated at different levels
of aggregation to be equal.14 In the studies that are not based
on the "intensity" model, the parameter of interest is a, the
output elasticity of R&D. For each ;, we have imputed a value of
; (the estimated marginal product), dividing ; by the mean of
R/Q. We are especially interested in comparing our results to
those of previous studies based on the "intensity” model, using
firm or line-of-business data.

The results of Table 6 confirm the existence of a positive
relationship between the intensity of R&D investment and average
annual productivity growth. Under competitive assumptions, our
results imply private rates of return to R&D investment of 13.2%
and 9.7% using expenditure and employment measures, respectively.
A 13.2% rate of return is lower than comparable estimates of 20%

by Clark-Griliches (1984) using business level data, and 27% by

Griliches (1980a) and 39% by Griliches (1986), using firm-level

Several authors have avoided imposing the condition that
factors are paid their marginal products and instead, estimated
Cobb-Douglas production functions directly, assuming only
constant returns to scale with respect to the conventional
inputs. The "level" and "growth rate"” equations estimated in
Griliches (1980a, 1980b, and 1986) are based on constant returns
to scale and competitive markets for these inputs.
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data.

A disaggregation of R&D by source of funds reveals that
while the intensity of company-funded R&D investment (expenditure
or employment) is a significant determinant of producctivity
growth, the intensity of federally-funded R&D investment is not.
In addition, using both expenditure and employment measures, the
hypothesis of homogeneity of returns to company and federally-
funded R&D is rejected at the 1% level of significance.15 The
potency of privately-financed R&D (but not federally-financed
R&D) has also been documented in Terleckyj (1974), Griliches-
Lichtenberg (1984), and Griliches (1986). OQur estimate of 35.3%
rate of return to company-funded R&D is substantially higher than
similar estimates of 24.5% by Griliches (1986) and 27.5% by
Mansfield (1980).

A disaggregation of R&D by character of use indicates that
the intensity of investment in basic research has a powerful
impact on productivity growth. An estimated rate of return of
133.8% to investment in basic research is substantially lower
than Mansfield’'s (1980) estimate of 178.0% and Link’'s (1981b)
estimate of 231.0%. The hypothesis of equality of returns to
basic research and other types of R&D was rejected at the 1%

level of significance.16 This evidence of a "premium" on basic

15The t-statistics for tests of the expenditure and

employment measures are 48.53 and 25.03, respectively.
16The t-statistic for the test of equality of returns to
basic research and applied research is 61.07. The t-statistic

for the same test involving basic research and development is
65.78.
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research confirms the findings of Griliches (1986), Mansfield
(1980), and Link (1981b) 1718

The point estimates displayed in Table 6 are based on pooled
regressions, imposing a common slope for each period (1973-1976,
1977-1980, and 1981-1985). To investigate the hypothesis that
the returns to R&D varied across these two periods, we re-
estimated the regression model, allowing for different slopes in
all three periods.19 These results are presented in Table 8.
Although we could not reject the hypothesis of equality of rates

of return to R&D across periods, the results certainly suggest

that the impact of R&D investment on TFP increased substantially

in the later periods. In fact, the point estimate on total R&D
(expenditure) is almost twice as high in period two. The rate ov
17

To make our results more comparable to the findings of
Griliches (1986), we also regressed TFP growth on company- funded
R&D intensity and the ratio of basic research to total R&D
expenditure. The estimated coefficients and t-statistics (in
parenthesis) are, respectively, .313 (11.86) and .096 (8.86).
These estimates are quite similar to the findings contained in
the aforementioned study, although the "premium" on basic
research is somewhat lower.

18The same pattern of results emerges when we restrict our
sample to include only firms reporting basic research. When we
estimate variants of the regression model for the same set of
companies, the estimated coefficients and corresponding t-
statistics (in parenthesis) for columns a, b, d, and e are-a:
.137 (4.66), b: .422 (6.17) .016 (0.4l), d: .135 (3.07), e: .160
(3.37) .044 (0.62).

19Scherer (1983) argues that specifications such as ours may
not capture "true" changes in private returns to R&D over time.
He believes that it is important to follow R&D from industry of
origin to industry of use, as many firms "purchase” R&D from
other firms implicitly when buying certain products and services.
Only by identifying these "interindustry technology flows" can we
truly measure the impact of R&D on productivity.
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return to company-funded R&D, using expenditure or employment
measures of R&D investment, is also dramatically higher in period
two. Turning to the character of use results, we observe that
the "premium" on basic research increased slightly in period two,
while the rates of return to applied research and development
were quite unstable across periods. In the next section, we
examine the sensitivity of the full sample regression results
(Table 6) to outlying, influential observations.
Iv. Identification of Influentia utliers

Following Kuh, and Welsch (1980) and Neter, Wasserman, and
Kutner (1985), our research design is to detect outliers in the
dependent and independent variables and determine whether these
outliers are influential in the least squares regression fit.
Cook (1977, 1979) has proposed an influence statistic that
measures the change in the estimated parameter vector that
results if the ith observation is deleted. It is well known (see
Maddala (1977)) that the confidence region for B is expressed as:

(7y $BzBY X X(B-8) _ p(1.a;k,n-k)

where
X is a nxk matrix of independent variables
B is a kxl column vector of regression parameters
B is a kxl column vector of estimated regression parameters
MSE = mean square error
Cook’s influence statistic is defined in a similar manner, except

it is based on a measure of the difference in the estimated

parameter vector including and excluding the ith observation.
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(8) Dy = —===SSIoEESETTTTC

where ﬂi i{s the estimate of f without the ith data point. An

equivalent expression for Di involves the residuals and leverage

values:

kMSE (l'hii)
Relating values of'Di to the F-distribution with k and n-k
degrees of freedom, those observations having percentile values
(of the F-distribution) of 50% or more are considered influential
observations. For each variant of the regression model (equation
(3)), we detected observations that are influential and outliers
in X and/or y.

The discovery of influential outliers compels us to examine
the sensitivity of our regression results to the following
remedial measures:

1) reduction of the impact that influential observations

have on the fit;ed regression function

2) deletion of influential outliers
Deleting outlying influential observations is a somewhat drastic
approach, unless the researcher is certain that the extreme
values are due to what Belsley, Kuh, and Welsch (1980) call
"gross measurement error”-keypunch errors or incorrect reporting.
If these values are correct, then their deletion eliminates vital
information. In our final sample, we believe that we have
already discarded a non-negligible percentage of values

reflecting gross errors in measurement. An alternative to the
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least squares estimator that minimizes the effect of egregious
errors or outliers is the method of least absolute deviations.
One of a class of robust estimators, this "bounded-influence”

estimator minimizes the sum of the absolute deviations of the

observations from their means. The loss function is:
n
(10) ifl|yi'(ﬂo+ﬁuxil*' c4By 1%y k1) |

These estimates are less sensitive to outliers because the sum of
absolute, rather than squared, deviations, is minimized.zo

In Table 9, we compare our earlier estimates of rates of
return to R&D investment to estimates of these same parameters
after deleting influential outliers (DEL) and those derived from
the method of least absolute deviations (LAD). The LAD estimates
of the rates of return to total R&D, company-funded R&D, and
basic research are 29.5%, 26.6%, and 31.5% lower, respectively,
than our original estimates. Our point estimates of these same
three parameters decline 3.8%, 17.3%, and 24.4%, respectively,
when influential outliers are discarded. These results are
somewhat surprising. We expected the deletion of influential
outliers to have a stronger impact on the parameter estimates

than attempts to reduce their influence. 1Instead, the opposite

pattern emerged, as the LAD estimates of these three rates of

2oAs demonstrated by Charnes et al. (1955), the method of

least absolute deviations estimates can be derived from the
solution to a linear programming problem. However, standard
errors for the parameter estimates are unknown due to the fact
that the statistical properties of the sampling distribution of
this estimator are not well-defined.
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return are always lower than corresponding DEL estimates. Still,
our original estimates of the effect of R&D investment on TFP
growth are not dramatically sensitive to adjustments aimed at
reducing the impact of influential outliers.21 In the next
section, we explore the relationship betweeﬁ rates of return to
R&D and firm size. |

v. Firm Size and Ra o e o

The ideas of Joseph Schumpeter (1950) figure prominently in
the belief that large firms are especially likely both to
undertake, and be successful in, research activities. Recent
papers by Griliches (1980a), Scherer (1984), Bound et al. (1984),
and Cohen, Levin, and Mowery (1987) have found little evidence to
support the position that firm size is positively correlated with
R&D intensity. Link (1981la) suggested an alternative approach to
empirical investigation of the Schumpeterian hypothesis. He
examined and found evidence of a systematic relationship between
firm size and the impact of R&D on productivity -- large firms
earned higher returns to R&D than small firms.

Estimation of variants of equation (3) was contingent on the
assumption of a common rate of return, p, among firms. In this
section, we test whether large firms R&D investment by large
firms is more successful than that undertaken by small firms, by

investigating the possibility that »p varies across firms

21W1th influential outliers deleted, we still reject the

hypothesis of homogeneity of returns to company and federally-
funded R&D. The same is true for the hypothesis of equality of
returns to basic research and other types of R&D.
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according to size.22 A test for the structural stability of
regression parameters has been developed by Brown, Durbin, and
Evans (1975). The null hypothesis of this test is that the
regression coefficients are constant over an index of firm size.
An analysis of the cumulative sum of squared residuals determines
where, if at all, a structural "break" or shift occurs. An
attractive property of the Brown-Durbin-Evans "cusum" test is
that it does pot require prior information concerning the true
point of structural change, unlike the Chow test, The use of
prior information concerning structural shifts is often quite
plausible when analyzing time series data. However, in our
context, the implementation of this type of strategy would be
arbitrary.23 Link (198la), having estimated rates of return to
R&D investment based on the reduced form version of the R&D
capital stock model (using firm-level data), employed the Brown-
Durbin-Evans test to examine the structural stability of these
returns with respect to firm size.

Our findings, basea on the same research design applied to a
larger and more representative sample of firms, do not
substantiate the Schumpeterian hypothesis. Using sales and

employment as proxies for firm size, we were unable to reject the

22A strict Schumpeterian interpretation of the heterogeneity

of p across companies might be that p is a function of firms'
monopoly power. Large size is neither a necessary nor a
sufficient condition for firms’ ability to gain or maintain
monopoly power.

23In fact, cusum test have been applied on macroeconomic

time series data in Khan (1974), Heller and Khan (1979), and
Stern, Baum, and Greene (1979) .
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null hypothesis of structural stability for the rate of return to

R&D.za Although we were unable to determine from the data

whether different size "regimes" exist, with respect to the rate
of return to R&D, we ranked companies by size and divided the
sample into three groups. Table 10 contains estimates of rates
of return to R&D, productivity growth, and R&D investment for
these three size categories. The small degree of variation in
the rate of return to total R&D across groups provides non-
parametric evidence in support of structural stability. Mean
total factor productivity growth and R&D intensity values are
also quite similar.

The returns to company-funded R&D, however, do appear to be
higher for large firms. In fact, we observe highly
statistically-significant differences (at the 1% level of
significance) in rates of return to company-funded R&D between
the two groups of large firms and the smallest companies.25 The
apparent instability of this regression parameter compels us to
implement the cusum test on this coefficient. One reason for
this finding may be that appropriability conditions are more
favorable for large firms. This is a subject for future

research. We also note that federally-funded R&D has a stronger

2["I‘hat: is, the test statistic, s _, based on the normalized

cumulative sum of squared residuals, glways falls within the 5%
confidence intervals above and below the mean value line.

25'I‘he t-statistics for these tests are 2.75 (largest vs.
smallest) and 2.97 (middle vs. smallest). The difference in
rates of return to company-funded R&D between the largest and
middle groups of firms is statistically insignificant,
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impact on the productivity growth of small firms. This result,
which has important implications for federal contracting policy,
also bears further examination.

Still, the evidence presented in Table 10 demonstrates that
our earlier findings concerning rates of return are consistent

for each size classification of firms:

a) positive and significant coefficient on R&D intensity

b) higher returns to company-funded R&D

c) a productivity "premium"” on basic research.

VI. Conclusio

Given the limited information contained in publicly-
available and proprietary data sets, estimates of company
productivity used in previous studies have been subject to
substantial measurement error. The main source of inaccuracy in
these studies has been an inability to adequately control for the
diversified activities of corporations. Use of the NSF/Census
R&D-LRD Panel allows us to develop more precise estimates of TFP,
because the LRD file contains detailed data on the output and
input of firms at the 4-digit SIC industry level.

Our results suggest that R&D investment was a significant
determinant of productivity growth during the 1970's, as
documented in previous studies, and also during the 1980's.
However, the estimated private rate of return to R&D expenditure,
13.2%, i{s substantially lower than previous estimates. As in
Griliches-Lichtenberg (1984) and Griliches (1986), we observe

statistically-significant differences in the rates of return to
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company-funded and federally-funded R&D. We find a strong
positive correlation between the rate of growth of TFP and the
firm’'s privately-financed R&D, while federally-financed R&D does
not appear to be a significant determinant of TFP growth.26 We
also find that a firm’s investment in basic research has a strong
effect on productivity growth, while investment in other types of
R&D apparently has either a small impact on TFP growth, or none
at all. This result is consistent with the findings of Mansfield
(1980), Link (1981b) and Griliches (1986).

The point estimates we have discussed were based on pooled
regressions, assuming constant slopes for each three-year period,
1973-1976, 1977-1980, and 1981-1985. Although we could not
formally reject this constraint, we do find evidence to support
the hypothesis that the impact of R&D on productivity was
scrdnger in the later periods.27 Concern about a recent decline
in the impact of R&D on total factor productivity, due to a
diminution of technological opportunities (Nordhaus (1980)), does
not appear to be well-founded.

Next, we analyzed the sensitivity of our regression results

to attempts to reduce the influence of "outlying" observations.

26As Griliches (1979) points out, this result does not

necessarily imply that federally-funded R&D is "unproductive.™
In industries with relatively high levels of publicly-financed
R&D, such as the defense or space sectors, output is poorly

measured and price indices do not accurately reflect improvements
in quality.

7
2 Despite considerable variation across periods, the pattern

of results in each period is consistent with our overall findings
and those of most existing studies.
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Two strategies were employed to address this problem:
a) deletion of influential outliers
b) estimation by the method of least absolute deviations
a "bounded-influence" estimator
These adjustments had only a small impact on our key empirical
findings. Therefore, our regression results are pot due
primarily to values that may be anomalous and/or erroneous.

The relationship between rates of return to R&D and firm
size was also examined. Inherent to our estimation of the
reduced form version of the R&D Capital Stock Model is the
assumption of a common rate of return among firms. As in Link
(198la), we explored the validity of this assumption by testing
for the structural stability of the regression parameter (only
the rate of return to total R&D was examined), with respect to
firm size. We could not reject structural stability, and an
analysis of three groups of firms, ranked in ascending size,
seemed to confirm this result. However, the returns to company-
funded R&D appear to be an increasing function of firm size. At
the same time, the rate of return to federally-funded R&D is
higher for small firms.28 These results indicate that
appropriability conditions are more favorable for large firms
funding their own research. This non-parametric evidence, which

supports the Schumpeterian hypothesis, bears further examination.

28This may explain why our estimate of the rate of return to

company-funded R&D was substantially higher in the pilot study
(Lichtenberg-Siegel (1988)), which was based on data collected
from large firms.
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Data A i

Data Sources for Construction of TFP estimates:

To construct estimates of levels and growth rates of TFP
based on 3 factors of production, we need estimates of real
values of output (Q), capital (K), labor (L), materials
(including energy) (M), and factor shares. The LRD (Longitudinal
Research Database) file provides d~ta on nominal values of output
(VQ), capital (VK), labor (VL), materials (VM), energy, and
inventories for 20,493 establishments that were sampled in the
Annual Survey of Manufactures for the years 1972-1985. Price
deflators were imported from 3 separate files:

1) Bureau of Industrial Economics Output Data Base

This file contains deflators for shipments, raw
materials, work-in-process, and finished goods
inventories, at the 4-digit SIC level for the years
1972-1980. Subsequent to 1980, we used the National
Bureau of Economic Research (NBER) output deflators,
which are derived from the Bureau of Economic Analysis.

2) Bureau of Industrial Economics Capital Stocks Data Base

Includes data for the years 1972-1982 on the net stock
of capital in constant (1972) dollars and the gross
stock of capital in historical dollars at the 3/4 digic
SIC level. For each industry, we evaluated the ratio
of these two numbers for plant and equipment
separately. As in Lichtenberg-Siegel (1987), these

ratios were applied to the gross plant and gross



29

equipment figures to evaluate net "benchmark" estimates
of plant and equipment in 1972. Using these estimates
of the initial capital stock, along with industry
estimates of the average rate of capital depreciation
and plant-specific deflated capital expenditures, a
"perpetual inventory" algorithm is used to generate
estimates of the net stock of plant and equipment. The
real net stock of capital is then defined as the sum of
net plant and net equipment.29

3) NBER R&D and Productivity Project File

The NBER has constructed materials and energy deflators
at the 4-digit SIC level.

The remainder of this section is devoted to an explanation
of how key economic measures of output, labor, capital, and
materials (including energy) were defined using current dollar
values of inputs and output, and industry deflators (3 or &4 digit
SIC level) for the years 1972-1985.

Qutput:

Output in current dollars is defined as the value of
shipments, with agjustments for the net (annual) change in
finished goods and work-in-process inventories. Real output is
computed by dividing each term by its corresponding industry

price deflator.

29The BIE data set has not been updated beyond 1982. As a

result, two-digit industry deflators for producers’ durable plant

and equipment were used in later years (see March 1987 Survey of
Current Business).
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Labor:

Current dollar labor input is measured as the sum of
salaries and wages and total supplemental labor costs. Real
labor input is defined as the ratio of total salaries and wages
(TSW) to production worker wages (PWW), multiplied by total
production worker hours (PWH).

(3) L = (TSW + PWW) + PWH
This "production worker equivalent™ measure of labor input (data
on hours of work of nonproduction workers is unavailable) is
based on the assumption that the relative wages of production and
nonproduction workers are equal to their marginal productivity.
Capital:

Nominal capital is constructed using the assumption of
constant returns to scale. We define current dollar capital as
current dollar output minus the current dollar costs of materials
(including energy) and labor, plus an adjustment for the net
change in materials inventories. Our construction of the real
net stock of plant and equipment, based on a perpetual inventory
algorithm, was discussed on the previous page.

Materials and Energy:

The current dollar values of materials (including energy) 1i:
defined as cost of materials (CM), plus an adjustment for the ne:
change in materials inventories. Constant dollar values of
materials (including energy) are evaluated by dividing current
dollar values of materials and energy by the NBER 4-digit SIC

price deflators for materials and energy.
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We also compute factor shares, which are used in
constructing growth rates of TFP. Using the methodology employed
in Griliches-Lichtenberg (1984) and in many other studies, we

calculate a Tornqvist index of three inputs:

INt Lt
!n(fﬁ——-) - 'S(SLt+SLt-6) ln(i———)
t-6 t-6
Kt
+ .S(SKt+SKt_6) * 2n(i—-—)
t-6
Mt:
+ .S(SHC+SHC_6) * zn(i-_-)
t-6
3 Xt
= T [.5%(S., +S Y] Edn(g——=-- )
i1 it "1,c-6 xi,c-ﬁ
where
INt = Index of total input at time ¢
Sit = Share of factor i in the total cost of output at
time t, factors i = K,L,M (including energy)
xit = Quantity of factor i at time t (in real terms).

Our explicit formula for TFP growth is:

TFP Qt 3 Xit
(8) DTFP_ = —-— = fn[=--=] - = [(.5%(S,_+ S, _ )]&n[-=—--" ;
TFP 1 ic t,e-l X

Ay i



Iable 1

Variable Definitions

VARIABLE DEFINITION

AVDTFP Average Annual TFP growth rate calculated for 3
periods: 1973-1976, 1977-1980, and 1981-1985

RDINT Total R&D expenditure/Total Domestic Net Sales

COMPRDINT Total Company-financed R&D expenditure/Total
Domestic Net Sales

FEDRDINT Total Federally-financed R&D expenditure/Total
Domestic Net Sales

RDINTSE Total R&D Scientists and Engineers/Total Domestic
Employment

COMPRDINTSE Total Company-financed R&D Scientists and
Engineers/Total Domestic Employment

FEDRDINTSE Total Federally-financed R&D Scientists and
Engineers/Total Domestic Employment

BASICINT Total Basic Research Expenditure/Total Domestic Net
Sales

APDEVINT Total Applied Research and Development
Expenditure/Total Domestic Net Sales

APPLINT Total Applied Research Expenditure/Total Domestic
Net Sales

DEVINT Total Development Expenditure/Total Domestic Net
Sales :

COVRAT Total Domestic LRD Shipments/Total Domestic Net

Sales
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Table 3

Regressions of DTFP

on Various Measures of

“Red

(from pilot study-Lichtenberg-Siegel (1988))

Number of FTE R&D

Type of R&D R&D Expenditure Scientists & Engineers
Intensity Sales Employment
(a) (b) (c) (d) (e)

TOTAL R&D .079 .150

(1.70) (1.58)
COMPANY - .602* .397*
FUNDED R&D (3.48) (2.51)
FEDERALLY- .015 .028
FUNDED R&D (.29) (.25)
BASIC .535
RESEARCH (.73)
APPLIED -.303
RESEARCH .11
DEVELOPMENT .097

(1.50)

INTERCEPT -.020 -.028* -.024%* -.021 -.025%

(1.71) (2.42) (2.17) (1.79) (2.15)
R? 026 067 039 017 042
PERIOD .012 .011 .015%* .011 .011
DUMMY (1.66) (1.60) (2.32) (1.61) (1.60)
DFE 214 213 201 218 216

* = significant at .0l level
s* = significant at .05 level
(t-statistics in parentheses)




Iable &4

Regressions

on Various Measures oftR&D

of DTFP

(from pilot study-Lichtenberg-Siegel (1988))

Number of FTE R&D

Type of R&D R&D Expendjture Scientists & Engineers
Intensity Sales Employment
(a) ®b) (c) (d) (e)

TOTAL R&D .086% .159%%

(2.28) (2.07)
COMPANY - 412% 403
FUNDED R&D (4.49) (3.16)
FEDERALLY- .020 .041
FUNDED R&D (.50) (.45)
BASIC 1.198%*
RESEARCH (2.07)
APPLIED -.261
RESEARCH (1.21)
DEVELOPMENT .108%*

(2.10)

INTERCEPT -.016 -.025% -.023% -.017 -.022%*

(1.71) (2.64) (2.59) (1.85) (2.30)
R? 034 .098 066 .032 .058
PERIOD .009 .008 .013 .009 .009
DUMMY (1.54) (1.48) (2.53) (1.59) (1.55)
DFE 214 213 201 218 216

* = significant at .01 level
** = significant at .05 level
(t-statistics in parentheses)




Table 5

Sample Coverage of Linked R&D-LED Data Set:
Population-R&D Performing Companies in US-1976%

(1) (2) (1)/(2)
Sample Population Percent

Number of 1092 1398 78.1
Companies with
> 1000 employees
Sales 701877 870871 80.6
(millions of $)
Employment 11857 15166 78.2
(thousands)
Total R&D 22654 26997 83.9
(millions of $)
Company - funded 14628 17436 83.9
R&D
(million of §)
Federally-funded 8026 9561 83.9
R&D
(million of §)
Basic Research 751 837 89.7
(millions of $)
Applied Research 4162 5102 81.6
(millions of §)
Development 17741 21058 84.2
(millions of $§)
R&D Scientists 325 364 89.3
and Engineers
(thousands)

*Population values are derived from NSF (1980)



Regressions of DTFPt on Various Measures of R&D

(full sample-controls for industry effects in R&D)

Iable 6

Number of FTE R&D

Type of R&D R&D Expenditure Scientists & Engineers
Intensity Sales Employment

(a) (b) () (d) (e)
TOTAL R&D .132% .097*

(6.40) (4.70)
COMPANY - .353* .172%
FUNDED R&D (13.09) (8.88)
FEDERALLY- .026 .028
FUNDED R&D (0.81) (1.10)
BASIC 1.338*
RESEARCH (13.06)
APPLIED .108
RESEARCH (1.14)
DEVELOPMENT .014
(0.24)

INTERCEPT -.003 -.009 .023% -.001 .002
PERIOD ONE (0.56) (1.51) (2.460) (0.08) (0.28)
INTERCEPT .001 -.051 .021 %+ .003 .009
PERIOD TWO (0.21) (0.46) (2.20) (0.47) (1.08)
INTERCEPT -.003 -.012 .015 .000 .009
PERIOD THREE (0.53) (1.80) (1.55) (0.06) (1.09)
R? .026 .051 075 025 041
DFE 5218 5217 3236 4697 4140

* = significant at .0l level
** = significant at .05 level
(t-statistics in parentheses)




vquQE_ JOU 21898 01 SUJINIIJ JURISUOD 44

pasodurt 21935 03 SUJNIIJ JURISUOD
-- 0°02 s99A0)dwa paziuoiun 40 " 926 ssauisng 0861 (%861) $3Ya1)149
¢ ‘jued ssousB/iued j0 aun -1261 B LAk
19u ‘uotieziitin A3ideded
30 3319y ‘salwwnp AJ3snpu|
0 - -- Alisualug k71% " 9461 (elgsl) ULl
-1464
w571y -- -- uoiiauny  ggl " L6t (%861) ¥8s3J1eM
»1°29 uo139Npodd -9961 -S3Y2111J49
§°42 -- -- Avtsuazul 91 " 9261 (0861) P13t}sueH
-0961
£°92 0° 6% $3 Lwwnp A11suaiul  LL6 " 1161 (9861) SIYI11149
(A31suajul) (uotidunyg Asisnpul ‘%201s Q¥ pue pue " -9961
uoy3 /%2018 Q¥ 03 ‘ay¥ " 16%
-anpoJd) 19301 /4youeasdy di1seg
S5 9¢ 0742 wsuoijeindwy ou, 404 (yimous8 jo  ¢£88 " 5961 (®0861) S2Yd211149
Awing ‘3304 yimosB $218J pue .2661
s3)1es jO 40443 PIS §13A3) uo)
‘sa|wwnp AJ3snput ¢ "
- 07 %S .- uotiduny /| Wity 1561 (6961) UetseUlNW
uoilInposd -8%61
L AN 1% 2°S .- " " " €261 (9g61) B43qualydt
-6961 -Sayaty a9
£°02 0 -- " " " 6961 (9861) BJaquaiyst
-9%961 -SaYya 1149
2°6 172 -- A1Lsuaiug 22 " £961 (9861) Baaquaiyol]
-6661 -S3ya21)1149
.- 0 " " " " 1164 (q0861) sayatLytdo
-6961
-- 0°2% SJnoy-uey $atJisnput 6% 8961 (q0861) Saya11tJo
‘yeyides jo aby WULYI LA, " -6561
it 8°gl -- " (%4 " 8661 (8261) 11
0°L8 0°2i indino jo A3ijiqelsul Ansuaul 02 Aaysnpul 9961 (261 [A¥231431
dﬂu_du>u 40 Xapuli sJ9ayJI0M -8%61
paziuoiun jo ¥ 'J03123s
21eatad 3yl o1 sajes jo %
Q33 pa3puny [k2]
- Auedwo
X $3191J0A0) uotiedj1oads N votl1eBalBBy poLJIdd Apnas
Q3% 03 uJNiay jo jeuo L 1tppyY j0 adA} 340 13Ad1 A1isudiu]

s21@)¥ jO SIlewWl3S3

Q7¥ 03 uJn1dY jO saiey Burlew1ls3 SIIPNIS SNOLAIIG 30 Aseuwmumns

Z 31ae]



(s¥sayiuazed UL $213511Q01S-1)
19A3) G0 19 1UBIILJLIUBIS = 4,
13A3) |0 1@ JuedLjIUBLS = ,
i .- ££2¢ 9¢2¢ .- .- 7126 212 .- - .- siL2s gL2s 330
s .- §20° §20° .- - £60° 1s0° .- .- 220" 920° Nx
Am¢“—v (SS° 1) (gg°2) (0g8°t) (28°0) (£5°0)33¥HL QO1¥3d
%l0 - .- SI0O”  ssS10° - .- .- 20" - 900" - .- .- £00° - -1d430¥3LNI
Amn“—v (02°2) (€£5°0) (9%°0) (s0°0) (12°0) OM1 QO01ld3d
- gtio - -- »x120° --- €00 - - £00° - .- 000" --- 100" -1d3J¥31N1
(%€-2) (09 2) (g2°0) (1s71) (52°0) (96°0) 3NO 001¥3d
- .- +£20 «£20° .- --- S00° - 600" - --- ... 200° - €£00° - -1d3233LNI
(LS L) (L9°1) (90°0)
£S1° (210 S00° -
(%2°0)
%10° ININdOT3IATQ
(99°0) (8t1°0) (20° 1)
02t - 9¢0° £S1°
(y1°1) HO¥V3IS3Y
801" a3liddyv
(82°L1L) (€£8°2) (92°%)
«09€° | 60%° 1L s£02°1
(90°€1) azy
»8EE° L JIsve
(y1°0) (92°1) (20°0)
£L0° - 960" 100" - azy
(18°0) a3ianNnid
920" ~AT1v¥3Q34
(65°6) (%€°¢) (26°2)
313N SLy” 962" a2y
(60°€1L) EXLIF]
«£6E° -ANVdNWNOD
(21" 9) (%6°€) (g£6°€)
»€£12° »681° »560°
(0%°9)
Y44
€ [4 3 € 4 I € 4 I
POjJ3d PpOIIagd PpOiIJdd PIV0Od POLIId POlJIdd POII3d PI|100d POlIId POII3d Ppollad Ppajood
2) (q) {e) Ayisuaiug
s3)9§ [tk R
sJNnlipusdx3 Q34 30 adAy
b
spot2sad ssoude sado|s JULI 1P J0) BuIMO))@® pue ‘pajood . QPN JO SIINSEIW SNO{JIJRA UO dj1Q JO SUOISSIJIBIY

§ o14G¢€l



lono | (U 4 JUEUL LUt = 8

9£2¢ 102¢ 9€2¢ L12S r4:1:14 L12S 8125 £86% 812G a1a

250° SL0°* ¥S0° 160° zeo* 920° A

. (oc°t) (ss°1) (og°0) (o8°T) (z9°0) (€5°0) ITRHL gOTMAEd

600 810" ST0° S00° 000" Zro°~ 100* 00" £00°~ JIIOILINT

. (ec:2) (oz'2) (00:0) (9%:0) (8z'0) (12°0)  OML QOT¥Ad

£10 $€20°  #x120° ov0°- GS0°- T1S0°- 900° LOO" 100* JITREINT

. (sv-2) (ov-2) (09:1) (1S°1) (18:0) (95°0)  3NO QOTVAJ

v10 #«¥20°  »£20° L00°~- OT0°- 600°- G00°- G00°- £00°- JIIRAINT
(c1°1) (¥2°0)

vG0* SY0° vio0° JINGRIOTAAK]

(9t°1) (¥T°T) HRIVASTI

G80°~ €V0° 801" aAriddv

(86'6) (90°€T) HIVISH

LT6° #ZT0'T +8EC°T J1SWe

and

(18°1) (18°0) @XINDA

1L0° £L0° 920° ATV

and

(96°11) (60°€T) AINN

6G2°  #26Z°  »£GE° - ANVJWOO

(ev'6) (0ov°9) ani

€60°  =LTT°  #ZE1° TVIOL

vl T COVON vl T LAVON ¥avi Tad LOYON Kyrsuajul

() (q) (e) asd

sates jo adAy,

(suo3TeTASp @3nTosqe 3ISesT JO poydau = av]
LAYON)

‘STOTTINO TeTIUSNTIUT JO UOTIBTEP = T30 ‘sjuaunsnipe ou

suoTjeATasqo BITATINO [erjuon{jut Ioj sjuaunisnpe noyTa pue yatm
- amTpuads gy JO saanseaul STOTIeA uo 33110 Jo suoTssaabN

6 2[az],



8%41 FAZAY raz2at 2928

470 %0 9°0 0

[ 6°L 1°e 0z
"4 £°e 472 9°¢

(s3sayjuased Uyl 31318131038 - 3)

19A9) §0° IR JuUedLjluBs
19A3) |0° 1@ JUEDtj1UBys

.y
L3

N

IN3IWAOTdNI TVIOL
40 X Vv SV
LNIWAOTIdNI QY

ALISNILINI Q¥
G30NN4 -A7TVE3034

ALISNILN]T Q7Y
G3aNNd - ANVdROD

ALISN3LN] Q%¥

H1IR0Y¥D ddil
TYNNNY 3OVIIAY

(x ut)
S3NTVA NY3W

L)Y (22°2) (€09°L) (%2 0)
9907 - SV 980° %i0°

(90°L) (92°0) (99°0) (%i°4)
(4 8£0° - 980" 901"

€06°S) (€0£°S) (59°9) (90°€L)
sl0E7 1 #5957 1 WE1E°L #08£°L

(8£°0) (6£°0) (gz"i) (18°0)
ig0°-  ll0° £40° 920"

2272y (£9°2) (") (60°¢L)
TYA% AR VY .1 «882° »£58°

(L%°€) (s6°€) (8S°%) (099
sSYL° wlll” =817 =28l

1N3IW40T3A3Q

L L EREL]
a311d44dv

HO¥vV3IS A
Jisve

Y
03aNN4
-A1Ivd3034

¥
Q3aNnd
-ANVdHWOD

a%y
viot

AL LE] 1dW3 TdW3 SWiL4 TdW3 1dW3 1dW3 SWYI3 1dW3 1dW3 1dW3 SWYld
08L< 6lL y2e> 1Y 08L< [.77] Y22> 1Y 08L< V7] yze> 1y
-9z -%22 -vee

(sasayiuaged uy $31315131038-3)
J4nlipuadx3 g3y o1
uJn33y jo saiey

NOILNAIYISIQ 3Z1S WHlJ

Swil4 JO SISSW)D IZIS € JOoy Aijsuaju| gy puw
Y3IN0JD AJLALIINPOId JO SIN|BA UKW puR IJNJ1puadxl gRY¥ 03 UJNIIY JO Saiwy
0l @198}




42

References

Agnew, Carson E., and Donald E. Wise. 1978. "The Impact of R&D
on Productivity: A Preliminary Report." Paper presented
at the Southern Economic Association meetings.

Belsley, David A., Edwin Kuh, and Roy E. Welsch. Regression
Diagnostics: Identifying Influential Data and Sources of
Collinearity New York: John Wiley & Sons.

Brown, R.L., J. Durbin, and J.M. Evans. 1975. "Techniques for
Testing the Constancy of Regression Relationships Over

Time," Journal of the Roya atistical Society (series B)
37:149-163.

Charnes, Abe, W.W. Cooper, and R.0. Ferguson. 1955. "Optimal
Estimation of Executive Computing by Linear Programming,”
Management Science 138-151.

Clark, Kim B. and 2Zvi Griliches. 1984. "Productivity Growth ancd
R&D at the Business Level: Results from the PIMS Data
Base, in Z. Griliches, ed., R&D, Patents, and Productivity,

Chicago: University of Chicago Press, 1984, 393-416.

Cohen, Wesley M., R.C. Levin, and D.C. Mowery. 1987. "Firm Size
and R&D Intensity: A Re-Examination,” NBER Working Paper
#2205.

Cook, R. Dennis. 1977. "Detection of Influential Observations
in Linear Regression," Technometrics 19:15-18.

1979. "Influential Observations in Linear

Regression,” Journal of the American Statistical
Association 74:169-174.

Gollop, Frank M., and James L. Monahan. 1984 . "From Homogeneit:
to Heterogeneity: A Proper Index of Diversification,”
Bureau of the Census Technical Notes, mimeo.

Griliches, Zvi. 1979. "Issues in Assessing the Contribution of
Research and Development to Productivity Growth," Bell
Journal of Economics 10, no. 1:92-116.

- 1980a. "Returns to Research and Development
Expenditures in the Private Sector," in J.W. Kendrick and
B. Vaccara, eds., New Developments in oductivit

Measurement, NBER Studies in Income and Wealth No. 44,
Chicago: University of Chicago Press, 1980, 419-454.,

1980b. "R&D and the Productivity Slowdown,"



43
m n Economic view 70, no. 2:343-348.

1986. "Productivity, R&D and Basic Research at the

Firm Level in the 1970’'s," American Economjic Review 76, no.

Helle

Khan,

Licht

Link,

1:141-154.

and Frank R. Lichtenberg. 1984, "R&D and
Productivity Growth at the Industry Level. Is There Still

a Relationship?” in Z. Griliches, ed., R&D, Patents, and

Productivity, Chicago: University of Chicago Press, 1984,
465-496.
1989 . "Errors of Measurement in Qutput Deflators,"

NBER Working .Paper No. 2000, forthcoming Journal of
Business and Economjc Statistics

and Jacques Mairesse. 1984. "Productivity and R&D at
the Firm Level," in Z. Griliches, ed., R&D, Patents, and
Productivity Chicago: University of Chicago Press, 339-
374.

r, Robert H., and Moshin S. Khan,. 1979. "The Demand for
Money and the Term Structure of Interest Rates," Journal
of Political Economy 87:109-129,

Moshin S§. 1974. "The Stability of the Demand-for-Money
Function in the United States 1901-1905," Journal of
Political Economy 82:1205-1219.

enberg, Frank R. 1986. "The Duration and Intensity of
Investment in 'Independent Research and Development’
Projects,”" Journal of Economic and Social Measurement
14:207-218.

1988. "Using Longitudinal Establishment Data to
Estimate the Internal Adjustments Costs Model," Review of
Economics and Statistics 70:421-430.

. 1989. "Issues in Measuring Industrial R&D,"
Research Policy forthcoming.

and Donald Siegel 1987. "Productivity and Changes in
Ownership of Manufacturing Plants," Brookings Papers on
Economic Activity 3:1987:

1988. "Using Linked Census R&D-LRD Data to Analyze
the Effect of R&D Investment on Total Factor Productivity
Growth," Center for Economic Studies Discussion Paper, U.S.
Census Bureau.

Albert N. 198la. Resea a velopme vit n

U.S. Manufacturing, New York: Proger.




44

1981b. "Basic Research and Productivity Increase in

Manufacturing: Additional Evidence," American Economic
Review 71:1111-1112.

Maddala, G.S. 1977. Econometxrics, New York: McGraw Hill.

Mansfield, Edwin. 1980. "Basic Research and Productivity
Increase in Manufacturing,” a omic view
70:863-873.

McGuckin, Robert, and George Pascoe. 1988. "The Longitudinal
Research Data Base-Research Possibilities,"” paper presented
at NBER Conferenece on Income and Wealth.

Minasian, Jora R. 1969. "Research and Development, Production

Functions and Rates of Return," Amerjican Economic Revijew
59:80-85.

Nelson, Richard R. 1988. "Modeling the Connections in the Cross

Section Between Technical Progress and R&D Intensity,”
mimeo. ’

Neter, J., W. Wasserman, and Kutner. 1985. Applied Linear
Statistical Models Homewood, Il: Irwin.

Nordhaus, William D. 1980. "Policy Responses to the

Productivity Slowdown,"” in The Decline in Productivity
Growth, series no. 22. Federal Reserve Bank of Boston.

Scherer, F.M. 1981, "Research and Development, Patenting, and
the Microstructure of Productivity.” Final Report,
National Science Foundation, grant no. PRA-7826526.

1983. "R&D and Declining Productivity Growth,"
American Economic Review 73:215-218.
Schumpeter, Joseph A. 1950. (Ca sm, So m, an
Democracy, 3rd. ed. New York: Harper and Row.

Stern, Robert M., Christopher F. Baum, and Mark N. Greene. 1979
"Evidence on Structural Change in the Demand for Aggregate

U.S. Imports and Exports," Journal of Politica conom
87:179-192.

Terleckyj, Nestor. 1974, Effects of R&D on the Productivity

Growth of Industrijes. Washington: National Planning
Association.




