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Abstract:

A number of very careful econometric studies have been interpreted as showing that
publicly funded research and development conducted by private firms has had little
discernable impact on firm level profits or productivity. In contrast historical studies
have shown that military and defense-related research development and procurement
conducted by private firms has been an important source of technology development
across a broad spectrum of U.S. manufacturing industries. Careful narrative analysis
represents a more effective way of capturing the complementarities between military and
defense-related research, development, and procurement on commercial technology

development than econometric analysis.



How important has publicly funded military research and procurement been as a source
of technology development and productivity growth?" In arecent book | present
historical case studies of the role of military and defense-related research, development
and procurement of commercial technology development for a series of general purpose
technologies.? These industries include interchangeable parts and mass production,
military and commercial aircraft, nuclear energy and electric power, computers and
microprocessors, the internet and the space industries.

The case studies demonstrate that military and defense related R& D has been a
major source of technology development across a broad spectrum of industries that
account for an important share of U.S. industrial production. These results are in direct
contradiction to anumber of very careful econometric studies that show that measured
private and social rates of return to military R&D have been very low and have had no
discernible effect on industrial productivity growth in the U.S.

Economic Benefits from Research

Thereisalong history of studies of private and social rates of returnto R&D.
These studies trace back to the now classic studies of rates of return to agricultural
research by Griliches and to industrial research by Mansfield and Beardsley.® The results
of the large body of firm-level, sector-level, and economy-wide studies, combined with
studies of the sources of productivity growth, have supported a view that the social rates
of returnto R&D have generally exceeded by a substantial amount the rates of return on
almost any other form of investment available to the U.S. economy.*

These high social rates of return contributed to a consensus that the U.S. was

substantially under investing in R& D—and that this under investment was a substantial



constraint on economic growth. Because of the spillover of R&D benefits in the form of
consumers and producers surplus, even privately funded R&D shared the characteristics
of public goods—the economic unit that generates the new technology captures only a
portion of the social benefits from its research. The policy implication that was generally
drawn isthat the U.S. should expand public sector support for R&D to correct private
sector under investment.

The generality of the above conclusion has been challenged, however, by studies
by Lichtenberg that have attempted to measure the private rates of return to firms that
conduct publicly funded research and technology development.® These studies failed to
find significant private or social rates of return from publicly funded R&D conducted by
private firms. However, R&D in manufacturing industries more generally has been
found to yield social rates of return that substantially exceed the private rate of return
from *own productivity improvements derived from R&D performed with government
funding.”®
Biasin Measurement

It has been suggested that one explanation for these results may be that ahigh
percentage of firm-level federally funded industrial research has been conducted by
defense or defense-related firms. Neither the R& D nor the products resulting from such
R&D are subject to a market test. The design of technology, firm-level costs, and returns
are heavily influenced by bilateral bargaining. Research results and technology
development information are usually classified. Prices and compensation are frequently
renegotiated following project completion. A substantial share of the products derived

from the federally funded R&D are often sold back to the government. Under these



ingtitutional arrangements conventional measures of profitability and productivity may
not be appropriate.’

Even if market transactions were not distorted by defense contract provisions the
impact of federal funding on firm-level R&D or profitability of performing firmswould
not represent an adequate test of the effects of public sector, and particularly of defense
sector, R&D on economic performance. Public funding is often a complement (rather
than a substitute) for private R&D and thus may enhance sector-level or economy wide
profitability and productivity. In addition, as Lichtenberg himself notes, defense or
defense-related procurement of services and products resulting from R&D may represent
asubstantial stimulus to firm-level research and technology development.®

In an attempt to test the substitution hypothesis Paul David and his colleagues
conducted a critical review of the large body of econometric research studies that
attempted to shed some light on the issue of whether public sector R&D has been a
substitute for, or acomplement to, private sector R&D.? After sorting out the subset of
studies that were adequately designed to test the substitution hypothesis, they found that
the results from about one-third were consistent with the substitution hypothesis, while
two-thirds were consistent with the complement hypothesis. | find it particularly
significant that almost all of the higher-level aggregate sudies were consistent with the
complement hypothesis. The implication is that the more aggregate sudies were able to
capture elements of complementarity that could not be detected at the individual firm

level.



Per spective

My own view isthat we do not yet have, and perhaps cannot have, a body of
rigorous econometric evidence against which to evaluate the economic impact of defense
and defense-related R& D and procurement. David and his colleagues explicitly
eschewed any effort to assess the magnitude of the economic effect of complementarity.
What are the implications for attempts to assess the significance of military procurement
on the development of commercial technology? My answer isthat careful narrative
analysis of individual casesis a more effective method of capturing the effects of
complementarity than econometric analysis. David has also pointed out that narrative
analysis may be better able to capture the long-term or lagged effects of the public R&D
investments that are the source of major general purpose technologies.'® Inthe late 1970s
Robert Solow famously observed that “computers are found everywhere but in the
productivity data.”** It was not until the late 1990s that research by Dale Jorgenson and
several colleagues were able to produce firm estimates of the contribution of computers
to U.S. economic growth.*?

It is particularly important to assess the extent to which military procurement has
induced both demand and supply-side forces that have shortened the process of transition
frominitial concept to commercialization of new general purpose technologies. The
Semi-Automatic Ground Environment (SAGE) program and the Apollo space mission
drove computer and microprocessor technology and satellite communications and earth
observing technology rapidly down their learning curves.”® The effect in both cases was
to advance the development and adoption of commercial technology by at least a decade.

In the absence of defense and defense related R& D it is doubtful that | would have sent a



draft of my book manuscript to my editor in New Y ork or have flown by wide bodied jet

airplane to annual professional meetings to meet him.
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