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10 Interindustry Technology Flows
and Productivity Growth:
A Reexamination

10.1

There is, by now, a substantial literature devoted to analyzing the effects of
R&D investments by firms and industries on various measures of economic
performance, especially profitability and productivity growth. Schmookler
(1966) was among the first to articulate the view that improvements in perfor-
mance associated with technological progress could result not only from R&D
performed within an enterprise or sector, but also from R&D performed else-
where and “embodied” in intermediate goods purchased by the sector. He pro-
posed a method for measuring the transmission of R&D-generated knowledge
from R&D-performing industries to industries purchasing their products.
Scherer (1981) undertook the difficult task of constructing an “interindustry
technology flows” matrix along the lines suggested by Schmookler, thus pro-
viding the basis for empirical investigation of the link between R&D “‘embod-
ied” in purchased producers’ goods and a sector’s own economic performance.
Scherer’s (1982a) own analysis of productivity growth among U.S. manufac-
turing industries provides support for the view that “imported” or “embodied”
R&D is an important determinant of productivity growth, contributing perhaps
even more than some of the R&D performed within an industry.

The purpose of this note is to re-examine the role of interindustry technol-
ogy flows in promoting productivity growth, in the light of more detailed and
possibly better productivity data. Our analysis is also somewhat more general
than Scherer’s in the sense that we test a restriction on the equality of different
R&D-coefficients which is imposed a priori in his study. Because an explicit
theoretical foundation for the hypothesis of a productivity-accelerating effect

This chapter is coauthored with Frank Lichtenberg and is reprinted from the Review of Econom-
ics and Statistics 66, no. 2 (May 1984): 324-29. Published for Harvard University by the North-
Holland Publishing Company. © 1984 by the President and Fellows of Harvard College.
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242 Chapter 10

of imported R&D has not, to our knowledge, been presented in the literature,
we offer, in the next section, an interpretation of this effect in terms of errors
in the measurement of intermediate input prices. In the third section we review
Scherer’s findings and present new evidence based on recently developed alter-
native productivity indices. A summary and conclusion follow.

10.2

The hypothesis that the productivity behavior of a given industry may be
affected by the R&D performance of industries which supply it with intermedi-
ate inputs follows from the assumption that there are errors in the output defla-
tors of supplying industries—and consequently in the intermediate input de-
flators of using industries—errors which are generated by and correlated with
suppliers’ R&D performance. By “errors” in the deflators we mean the failure
of these deflators to reflect accurately changes in the user value, or marginal
productivity, or quality, of the commodities whose prices they are supposed to
index. As discussed in some detail in Griliches (1979, pp. 97-99) this failure
may occur for at least two quite distinct reasons: (1) only a perfectly discrimi-
nating monopolist with a secure market position would be able to appropriate
all of the (social) returns (or “quasi-rents”) to his innovation; and (2) the U.S.
Bureau of Labor Statistics (BLS), which constructs the official price indexes,
generally does not adjust the indexes for “costless” quality improvements em-
bedded in new products; instead, a new product is “linked in” at its introduc-
tory (or subsequent) price with the price index left unchanged. These consider-
ations imply that, if a firm conducted R&D in order to build a better mousetrap
(to choose a humble example), and subsequently succeeded in producing
“twice as good” a mousetrap by virtue of its research efforts, the official
mousetrap price index may not decline, even if the nominal price of the new
mousetrap increased by less than 100%, due to competition in the mousetrap
industry.

To formalize this argument, we begin by postulating the existence of errors
in the measurement of the growth rate of materials deflators:

. o
ij = ij + €
where

ij = actual deflator for jth intermediate input;
Pm;" = true deflator for jth intermediate input;
€, = measurement error, and dot superscripts indicate growth rates.

Assuming that the growth rate of the (current-dollar) value of intermediate
transactions is measured without error, the accounting identity relating the
value, quantity and price of intermediate input reveals a corresponding error
in the growth rate of input quantity:
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M, = Vm/Pm,

W, = Vi — bm

MJ* = ij - Pm;"
M* — M = Pm — Pm* = ¢

i i f J j
where

M, = measured quantity of jth intermediate input;
M} = true quantity of jth intermediate input;
Vm, = actual value of jth intermediate input.

Thus errors in the materials deflator result in errors in the measured rate of
growth of total factor productivity of using industry i (TFP)):

TFE = 0, - X§X, - XS] -

TFE* = 0, = X8X, - ZSM;
TFe—TFe*=Z €,

TFP = TFP* + Y S,

where

Q, = output growth rate of industry i;

X, = growth rate of kth non-materials input to industry i;

S, = share of ith non-materials input in total cost of production of indus-
try i;

§,, = share of jth materials input in total cost of production of industry i.

Measured TFP growth of industry i thus deviates from its actual TFP growth
by the weighted sum of errors in the various materials deflators, using respec-
tive cost shares as weights.

To this definitional relationship between measured productivity growth and
errors in the deflators we add the assumption that the extent of mismeasure-
ment of the growth in the jth intermediate-input deflator—in other words, in
the output deflator of industry j—depends on the extent of product-oriented
R&D activity in the supplying industry. Since process-oriented R&D does not
alter the characteristics of products sold in interindustry transactions, it should
not contribute to errors in the measurement of deflators corresponding to
these transactions.

More specifically, we assume that the extent of measurement error in the
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rate of growth of the jth materials deflator is proportional to the R&D intensity
(R&D expenditure per unit of output) of supplying industry j.! Then

where

RD; = product-oriented R&D expenditures by industry
Vg, = value of output produced by industry j.

Hence,
. . RD
TFP = TFE* + 3 Sy—
J Vg,
J
. Vgq. RD.
(0 = TFP* + 4y %20
7 Vg Vg,
. Vg,
= TFP* 4y 3 Higp
Vg, T Vq,

Vq,/Vq, is the share of the supplying industry j’s output sold to using industry
i. If the benefits of R&D enjoyed by one consumer (purchasing industry) are
not available to other consumers, and the benefits of suppliers’ R&D are
distributed among purchasers in proportion to suppliers’ sales to them, then
(Vg;;/Vq) - RD, is an index of the benefits of industry j’s R&D enjoyed by
industry i{. Summing over all supplying industries and dividing by the output
of the ith industry yields a measure of the “embodied-R&D intensity” of the
using industry, analogous to the “own” R&D-intensity variable often specified
in previous investigations. The “true” own rate of industry i's TFP growth,
TFP*, is, of course, unobservable but provided that this variable is uncorre-
lated with the R&D intensity embodied in its purchased inputs, estimation of
(1) excluding TEP* will yield an unbiased estimate of .2

10.3

The index of the quantity of R&D embodied in industry i’s purchases of
intermediate inputs in (1) is rather crude, in the sense that industry j's R&D
activity is assumed to be homogeneous with respect to the interindustry distri-

1. We recognize that this is merely one—albeit a convenient one—of a class of “reasonable”
possible assumptions about the effects of R&D on quality-adjusted output prices. For example, the
measurement error might be postulated to depend on the level of R&D rather than R&D-intensity.

2. A similar argument involving the direct contribution of process R&D to TFP growth in indus-
try i, and its exclusion from the list of conventional inputs in the construction of the usual TFP
measures, leads to a relationship between measured TFP and own R&D intensity. (See Griliches,
1979.)
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bution of embodied benefits. In reality, some of industry j’s R&D investments
may benefit industry i more than others, and if it were possible to classify
industry j’s R&D expenditure by the extent of benefits (possibly zero) received
by industry i, for all i and j, we could obtain a more precise measure of the
technology flows embodied in interindustry transactions. Scherer attempts to
do just this, using data on corporate patents, each of which was classified by
“industry (or industries) of use” as well as by “industry of origin.” The details of
the rather complex procedure for developing estimates of embodied R&D, by
origin and destination industry, are reported in Scherer (1981). It is these figures,
aggregated over all supplying industries, that are used in order to estimate the
contribution of embodied R&D to productivity growth; the index specified in
(1) should be regarded as merely a rough approximation for heuristic purposes.

The productivity growth-rate equations estimated by Scherer on cross-
sectional industry data included a measure of the industry’s own or performed
R&D intensity as well as of its embodied-R&D intensity. Scherer distinguished
between product- and process-oriented R&D performed within an industry,
and hypothesized that the intensity both of process R&D performed within the
industry and of R&D embodied in purchased inputs should have stronger ef-
fects on measured productivity growth in the industry than the intensity of its
“own” product R&D. He reports estimates of equations in which “own” pro-
cess R&D and embodied R&D are added together to form a “used” R&D vari-
able, and own product R&D is included as a separate regressor. Distinct ver-
sions of the model were estimated on productivity data derived from two
different sources, both within the U.S. Bureau of Labor Statistics (BLS): the
Office of Economic Growth’s input-output industries’ data (BLSIO) in which
output is measured primarily as deflated shipments adjusted for inventory
change, and physical-quantity-based output data published by the Industry
Productivity Division (BLSPQ). In order to investigate whether the link be-
tween R&D intensity and productivity growth has exhibited structural
change—in particular, secular weakening—the model was estimated sepa-
rately for two definitions of the dependent variable, corresponding to two spans
of years over which the growth rate of TFP was measured: 1964—69 and 1973~
78.2 Because the R&D data were available only for a single year, 1974, the
same R&D-intensity measures are included in the regressions for both periods.

Scherer’s estimates of the coefficients of the R&D-intensity variables and
their associated ¢-statistics are reproduced in the first and third lines of table
10.1. The dependent variable in these regressions is the growth rate of labor
productivity (output per man-hour); a measure of the growth rate of the capital-
labor ratio was also included in these equations, but the corresponding coeffi-
cient estimates are not reproduced here. In the regressions in the first line,
R&D intensity is defined as (own-product or user) R&D investment per unit

3. These spans of years were chosen because both of the beginning and end years were postu-
lated to represent business cycle peaks.



Table 10.1

Comparison of Scherer and Griliches-Lichtenberg (G-L) Estimates of R&D-Intensity Coefficients

Coefficients (r-statistics) on
R&D-Intensity Variables

Source of Denominator of Number of
Productivity R&D-Intensity Observations 1964-1969 1973-1978
Investigator Data Variables (industries) PROD USER PROD USER
Scherer BLSIO Gross Output 87 0.133 0.643 0.289 0.742
(1.05) (1.84) (2.01) (1.89)
G-L Revised Gross Output 193 0.146 0.736 0.282 0.504
Census et al. (1.78) (3.97) (2.58) (2.03)
Scherer BLSPQ Value Added 37 0.051 0.401 0.089 0.711
(0.34) (1.42) (0.46) (2.03)
G-L Revised Value Added 193 0.083 0.404 0.160 0.255
Census et al. (1.84) (3.98) (2.67) (1.88)
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of gross 1974 output; in the regressions in line 3 the denominator of the R&D-
intensity variable is 1974 value added (gross output minus purchases of inter-
mediate materials). In the second and fourth lines we present new, comparable
estimates based on productivity indices derived from a more disaggregated and
presumably superior data set, the revised Census-Penn-SRI 4-digit manufac-
turing data file. This data set, described in some detail in an appendix to Gril-
iches and Lichtenberg (1982), consists essentially of time-series on gross out-
put and four inputs—capital, labor, energy, and materials—in current and
constant (1972) dollars, for the period 1958-1978. Productivity indices based
on these data, unlike those used by Scherer, take account of the growth in
energy and materials inputs, which is likely to be of particular importance in
the 1970s due to the sharp increases then in the relative prices of these inputs.
The BLSIO data appear to suffer from an additional defect, the “misalign-
ment”’ of the output and labor input series,* which introduces unknown errors
into the labor productivity indices. The discrepancies among data sets in the
(unweighted) sample mean productivity growth rates, presented below, and in
the implied deceleration of productivity result, in part, from these conceptual
differences:

1964-69 1973-78
Labor Productivity
BLSIO 2.81 2.03
BLSPQ 2.99 2.54
TFP
Revised Census 0.96 —-1.16

Despite the differences in level of industry aggregation and in the sources and
concept underlying the productivity indices, our new estimates in some re-
spects closely replicate Scherer’s earlier results. In all eight regressions, the
coefficient on USER exceeds that on PROD, by a factor ranging from about
1Y to 8, although the difference in the two coefficients generally appears to
be statistically insignificant. On the other hand, while the coefficient on PROD
is insignificantly different from zero in 3 of the 4 reported Scherer equations,
it is significant at the 10% level in all of the new regressions. Also, whereas
Scherer’s results indicate an increase in both the size and significance of the
coefficient on USER between the first and second periods, our estimates point
to a secular decline in the effect of “user” R&D on productivity growth.

A hypothesis maintained by the model, estimates of variants of which are
presented in table 10.1, is that the coefficient on R&D embodied in purchased
inputs is equal to the coefficient on process R&D performed within the indus-
try. Our data permit us to test both this hypothesis and that of the equality of
the coefficients on own-product and own-process R&D.

4. Industry output is defined as the total output of establishments classified in (i.e., whose pri-
mary product defines) the industry, plus the secondary production by establishments classified in
other industries of products which are primary to thjs industry. Industry employment, on the other
hand, is defined simply as persons employed in establishments classified in the industry.
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Although we have annual data on industry productivity, allowing us to con-
struct multiple (e.g., year-to-year) productivity growth observations for each
industry, observations on the right-hand-side variables of our model are avail-
able only for a single year. One could estimate a pooled annual equation by
imputing an industry’s single (1974) values of the right-hand-side variables to
that industry’s productivity data for all years, but this procedure would produce
a misleading impression of precision. In the absence of more complete data,
we are forced to analyze the relationships between an industry’s average rate
of productivity growth and its (own- and embodied-) R&D intensity as of 1974
which we take as a good proxy of its average R&D intensity during the 1970s.
(This is not too bad an assumption since such numbers change only very slowly
over time. See the evidence presented in Griliches and Lichtenberg (1982).)
Thus, we ran a set of cross-sectional regressions in which the dependent vari-
able was defined as the growth rate in the average level of TFP between adja-
cent five-year periods. For example, the average level of TFP (indexed to 100.0
in 1972) during each of the five-year periods 1969-73 and 1974-78 was calcu-
lated, and then the five-year compound growth rate between these averages
was computed. Differences between period averages, rather than differences
between period endpoints, were used to reduce the transitory and cyclical com-
ponents in measured TFP, but the actual results are not very sensitive to this
treatment of the dependent variable.

A summary of regressions of this definition of the TFP growth rate, by sub-
period, on selected R&D-intensity variables, is presented in table 10.2. Three
models were estimated for each subperiod. In the first, or unrestricted, model,
three “types” of R&D—"“own” process R&D (i.e., process R&D performed by
the using industry), “own” product R&D, and product R&D embodied in in-
puts purchased from other industries—are included as separate regressors in
the equation. In the other two models, different pairs of the R&D variables are
added together, in order to test the linear restriction of equality of the respective
coefficients. Estimation of the second model provides a test of the hypothesis
that the two types of “own” R&D have similar effects on productivity; similar-
ity of the effects of “own” process and imported product R&D is considered
in the third equation.

These results are consistent with the hypothesis that product-oriented R&D
performed within an industry has less of an effect on that industry’s measured
TFP growth rate than either process R&D performed or R&D embodied in
purchased inputs. The coefficient on own-product R&D is the smallest in both
the unrestricted and restricted models for all three periods. For the first two
periods we can reject the hypothesis at the 10% level that the two types of
R&D performed within the industry have equal coefficients. In contrast, the
hypothesis that own-process and imported R&D have equal coefficients cannot
be rejected in any period, although this finding appears to be an artifact of the
large standard errors associated with the imported-R&D coefficients. In this,
it is similar to the results reported by Scherer (19824, p. 633), except that we



Table 10.2 Summary of Regressions of Total Factor Productivity Growth Rate, by Subperiod, on Selected R&D-Intensity Variables Derived
from Scherer “Interindustry Technology Flows” Data Base
“Own” “Own” F-ratio (associated probability value)
Process + Process + on Test of Equality of Coefficients
“Own” “Own” “Imported” “Own” “Imported”
Dependent Process Product Product Product Product
Variable R&D R&D R&D R&D R&D Constant R? Process/Product Process/Import
TFP Growth,
1959-63 to 0.762 0.211 0.289 0.093 1151
1964-68 (2.82) (2.45) (0.60) 4.51)
0.512 0.286 0.093 .0993 3.37
(1.09) (3.73) (4.45) 0.07)
0.206 0.621 0.089 1124 0.56
(2.40) 3.19) 4.51) (0.15)
TFP Growth,
196468 to 0.578 0.040 0.687 0.005 1050
1969-73 (2.84) 0.61) (1.89) (0.34)
0.904 0.112 0.005 0780 5.69
(2.54) (1.94) (0.29) (0.02)
0.041 0.610 0.006 .1047 0.05
(0.63) 4.17) (0.43) (0.82)
TFP Growth,
1969-73 to 0.384 0.299 0.465 —0.100 .1078
1974-78 (1.37) (3.35) (0.93) (4.69)
0.499 0.310 -0.100 1075 0.07
(1.04) (3.95) 4.71) (0.78)
0.299 0.408 -0.099 1078 0.02
(3.38) (2.03) 4.91) (0.90)

Note: N = 193.
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get statistically significant estimates for the coefficients of own-process R&D.
Indeed, the significance of the composite USER R&D variable seems to be due
primarily to the own-process component rather than to the embodied com-
ponent.

104

The findings of our re-examination of the relationship between R&D em-
bodied in purchased inputs and industrial productivity, while broadly consis-
tent with Scherer’s results, have somewhat different implications for the nature
of this relationship. Both investigations yielded uniformly larger estimates of
the coefficient of USER R&D than of the coefficient of own-product R&D.
Scherer found also that the latter coefficients were generally insignificant and
that the USER R&D coefficient was larger in the second than in the first period.
In contrast, we find own-product R&D to be a generally significant determi-
nant of measured TFP growth, and our evidence suggests a declining efficacy
of USER R&D. Moreover, the explanatory power of the USER R&D variable
appears to derive primarily from the own-process R&D component rather than
the embodied component, whose influence on TFP is weak and unstable over
time.’
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