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Abstract

Edwin Mansfield’s contributions to the economics of technology are summarized from the early 1960s through his death in
1997. Mansfield’s methodology is discussed, as are his contributions on: the diffusion of technical innovation, the effect of firm
size on innovation, the role of academic and basic research in increasing innovation and productivity, international technology
transfer and the inaccuracy of technological forecasts. The economics profession’s evaluation of the relative importance of
Mansfield’s work is presented, using as evidence cilation counts of his works collected from the Social Science Citation Index
(SSCI). Identified as among Mansfield’s most important contributions are his work on the importance of academic research
for industrial innovations, his empirical estimation of the rates of diffusion of different innovations, and his estimation of the
private and social returns from investments in industrial innovations. Finally, we present Mansfield’s advice on the future of

the economics of technology.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Mansfield’s contribution

Edwin Mansfield was a widely respected source of
practical knowledge on issues of crucial policy impor-
tance. He had the courage, some might say foolhardi-
ness, to publish estimates on important policy issues,
even when those estimates are subject to significant
limitations. !

* Tel.: +1-402-554-3657; fax: +1-402-554-2853.
E-mail address: adiamond @ mail.unomaha.edu
(A.M. Diamond Ir.).

URL:http://cba.unomaha.edu/faculty/adiamond/web/diahompg.htm.

! In late February 1997, Neal Lane, Director of the NSF, made
use of the research of Edwin Mansfield to justify government
funding of science, saying (Lane, 1998) that Mansfield “... found
that government support lays the foundation for successful
industry—university collaborations.” Less than 2 months later,
Kealey, Cambridge clinical biochemist and author of The Eco-
nomic Laws of Scientific Research (Kealey, 1996) made use of the

His contribution to economics was mainly in two
areas: the economics of technology and the pedagogy
of price theory. This paper focuses on technology, but
it is worth mentioning that Mansfield’s textbooks were
widely adopted, highly cited, and effective in the class-
room.

Current research in the New Growth Theory, both
theoretical and empirical, increasingly implies that
technological progress is the key engine of economic
growth. If this is so, then the economics of technol-
ogy has a claim to being one of the most important
fields of economics.

research of Edwin Mansfield to justify ending government fund-
ing of science, writing (Kealey, 1999) that Mansficld found that

. some 97 percent of commercially useful industrial techno-
logical development is, in practice, generated by in-house R&D.”
This episode may illustrate Stigler’s dictum that whether you are a
firefighter or an incendiary, you still need to know how fire works.

0048-7333/% — see front matter © 2003 Elsevier Science B.V. All rights reserved.
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Many trace the founding of the economics of tech-
nology to the work of Joseph Schumpeter.” But the
field achieved prominence, definition and depth with
the work of a more recent generation of “founding
fathers.” Who to identify in this way might be a mat-
ter of discussion, but on anyone’s short list would
be Edwin Mansfield.> Mansfield’s general standing in
the profession has been attested to by Medoff (1996,
p. 49) who found that Mansfield had received the 26th
highest number of citations from 1971 to 1992 among
non-Nobel Prize-winning economists younger than 70
years of age. More specifically in the field of eco-
nomics of technology, Granstrand (1994, p. 22) found
that Mansfield was the most highly cited author in each
of the four years examined (1976, 1984, 1991, and
1992). Arrow (2000, p. 2) is surely right that Mans-
field “... has been a dominant figure in shaping our
vision of the economics of innovation, a-dominance
based on very solid empirical and theoretical work.”

With Mansfield’s passing on November 17, 1997, it
is appropriate to honor his contributions by reviewing
them. But summarizing the contributions is no mere
exercise in hagiography. Since he dealt with issues
crucial to the technology policies of firms, universi-
ties and governments, reminding ourselves of what he
learned, and how he learned it, may prove beneficial
to the effort toward continued progress in this field.

Although almost all of Mansfield’s important con-
tributions appeared first in journal articles, he also
published several monograph volumes that either
made these articles more accessible, or else presented
them in more extended form. Mansfield’s mono-
graphs of this sort include: Industrial Research and
Technological Innovation: An Econometric Analysis
(1968); New Research and Innovation in the Modern
Corporation (1971) (with Rapoport, Schnee, et al.);
The Production and Application of New Industrial

2 Mansfield himself credits Schumpeter with founding the field
(1995, 1, p. ix). Rosenberg has gone so far as to say: “... the
study of technological innovation ... still consists of a series of
footnotes upon Schumpeter” (Rosenberg, 1982, p. 106). Granstrand
notes that “J. Schumpeter is without doubt the father of the field
in terms of citation appearance and influence upon others, as is
widely acknowledged” (Granstrand, 1994, p. 19).

3 As far back as 1970, Nadiri (1970, p. 1148) identified those
who were beginning to study “... the theoretical aspects of en-
dogenously determined technical changes.” His list consisted of:
Schmookler, Nordhaus, K. Shell, Arrow, Mansfield and Nelson.

Technology (1977) (with Rapoport, Romeo, et al.);
and Technology Transfer, Productivity and Economic
Policy (1982) (with Romeo, et al.). In addition, Mans-
field published two early volumes that summarized the
state of knowledge in the economics of technology.
The first, The Economics of Technological Change
(1968) was intended for an academic audience, while
the second, Technological Change: An Introduction
to a Vital Area of Modern Economics (1971) was in-
tended as a non-technical introduction to the subject.

In 1995, near the end of his career, Mansfield (1995)
edited a two-volume collection of those of his articles
that he considered most important, [nnovation, Tech-
nology and the Economy, which also included an in-
troductory essay in volume I that provides a useful
summary of Mansfield’s view of his own contribu-
tions, and of the state of knowledge on important is-
sues as of 1995. For the rest of this paper, we will use
“1995, I” to indicate this essay.

In the following sections of the paper, we discuss
Mansfield’s contributions in his 12 most highly cited
articles,* as well as a few of his other articles in which
he reached important or intriguing conclusions. Omit-
ted from the following discussion are Mansfield’s 6th
and 11th most highly cited articles since they are
aimed at communicating important results from the
economics of technology to important groups of prac-
titioners, specifically to scientists in the sixth ranked
paper® and to business executives in the 11th ranked
paper.

When citation rankings are mentioned in the fol-
lowing discussion, the reference is to the ranking
based on 5-year citation counts. Table 1 provides a
citation ranking of Mansfield’s top 20 articles, while
Table 2 provides a ranking of the six monographs on
technology he published between 1968 and 1982 (see
above). Appendix A discusses the method of obtain-
ing the counts, and compares the citation ranking with
Mansfield’s own judgment of which of his articles

4 The choice of a cutoff point is somewhat arbitrary. We chose
12, because the author of this paper, as well as Mansfield himself,
judged the 12th most cited article to have made a substantial
contribution.

5 Mansfield believed (1995, I, p. xiv) that his sixth ranked paper,
“Contribution of R&D to economic growth in the United States™
(1972) was used by both major branches of the federal government
to set research priorities on the crucial question of how technology
effects economic growth.
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Table 1
Citations to articles
Rank Rank Article 5-year Total Reference
(5 years) (total) cites cites
1 10 Academic research and industrial innovation 45 48 *Mansfield (1991)
2 5 Basic research and productivity increase in 41 100 *Mansfield (1980)
manufacturing
3 1 Technical change and the rate of imitation 28 335 &*Mansfield (1961)
4 12 Patents and innovation: an empirical study 22 45 *Mansfield (1986a)
5 6 Size of firm, market structure, and innovation 20 87 *Mansfield (1963b)
6 16 Contribution of R&D to economic growth in the 20 39 *Mansfield (1972)
United States
7 3 Social and private rates of return from industrial 19 117 &*Mansfield et al. (1977b)
innovations
8 8 The speed of response of firms to new techniques 19 61 *Mansfield (1963c¢)
9 17 Industrial R&D in Japan and the United States: a 17 37 *Mansfield (1988b)
comparative study
10 11 The speed and cost of industrial innovation in 16 46 *Mansfield (1988c)
Japan and the United States: external vs. internal
technology
11 20 How economists see R&D 16 30 Mansfield (1981b)
12 4 Imitation costs and patents: an empirical study 15 106 &*Mansfield et al. (1981)
13 9 Organizational and strategic factors associated 15 55 *Mansfield and Samuel (1975)
with probabilities of success in industrial R&D
14 7 How rapidly does new industrial technology leak out? 14 67 *Mansfield (1985)
15 21 Foreign trade and US research and development 14 29 *Mansfield et al. (1979a)
16 2 Entry, Gibrat’s law, innovation, and the growth of firms 13 147 *Mansfield (1962)
17 13 Industrial research and development expenditures: 13 42 Mansfield (1964)
determinants, prospects, and relation to size of
firm and inventive output
18 24 Industrial innovation in Japan and the United States 13 24 Mansfield (1988a)
19 18 Intrafirm rates of diffusion of an innovation 11 36 *Mansfield (1963a)
20 23 Overseas research and development by US-based firms 10 27 *Mansfield et al. (1979b)

* Article was included in the 1993 collection The Economics of Technical Change edited by Mansfield and Mansfield.
* Article was included in the two-volume collection of articles Innovation, Technology and the Economy.

Table 2

Citations to technology monographs

Rank Rank Technology monograph S-year Total Reference
(5 years) (total) cites cites
| 2 The Economics of Technological Change 73 308 Mansfield (1968b)
2 I Industrial Research and Technological Innovation: 72 435 Mansfield (1968a)
An Econometric Analysis
3 3 Research and Innovation in the Modern Corporation 51 194 Mansfield et al. (1971)
4 4 The Production and Application of 42 145 Mansfield et al. (1977a)
New Industrial Technology
5 5 Technology Transfer, Productivity and Economic Policy 29 62 Mansfield et al. (1982)
6 6 Technological Change: An Introduction to a Vital 13 31 Mansfield (1971)

Area of Modern Economics
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mattered most, as measured primarily by which arti-
cles he chose to include in his two 1995 volumes of
his collected works.

2. The contribution of basic and academic
research to innovation and productivity

In the final decade of his life, one of Mansfield’s
primary research focuses was on the role of academic
research in promoting technological change. Through-
out his career, Mansfield had been interested in the
issue of the relationship of science and basic research
to technological change. On the basis of many cases,
Mansfield (The Economics of Technological Change,
1968) concluded that until the middle of the 1800s,
the relationship between science and technology was
loose. Mansfield claims (p. 44) that during earlier pe-
riods “on balance, science was far more indebted to
technology than technology was to science.” But with
the growth of commercial laboratories at the end of
the 1800s, the relationship became closer, with science
more frequently leading the way.

Much later in his career (1991) Mansfield surveyed
76 large firms in seven manufacturing industries to see
how many of their product and process innovations
introduced in 1975-1985 could not have been made
without academic science research performed in the 15
years before the innovation. The results are reported in
Mansfield’s most highly cited paper, which is entitled
“Academic research and industrial innovation” (1991).
For products, he finds that on average for the seven in-
dustries, 11% of the new products could not have been
developed without recent academic research. The vari-
ation between industries is substantial, ranging from a
low of 1% in the oil industry to a high of 27% in the
drug industry. The average time lag between the aca-
demic research and the industrial innovation is about
7 years. In this paper, Mansfield estimates® the social
rate of return to academic research as 28% (p. 11),
while in a brief 1992 extension of the paper, he esti-
mates it to be 40% (Mansfield, 1992, p. 296).

6 Mansfield was one of the first economists to have estimated
the social rate of return to academic research. He writes (1995, I,
p. xviii) that his 1991 paper “Academic Research and Industrial
Innovation” was used by the Bush administration to strengthen the
case for federal support of academic research.

Because Mansfield recognized that not all innova-
tions are of equal economic value, he proceeded to
measure the sales attributed to each innovation. Al-
though 11% of new innovations could not have been
achieved without recent academic research, he finds
that when the innovations are weighted by revenue,
only 3% of the total revenue from new innovations
could not have been achieved without substantial delay
in the absence of recent academic research. It is inter-
esting that in the body of the paper and in the conclu-
sions of the paper, the 11% figure more congenial to
the case for government funding is emphasized, rather
than the more economically significant 3% figure that
is reported in the table without other comment.

In his second most highly cited paper,” “Basic Re-
search and Productivity Increase in Manufacturing,”
the key result is that the effect of basic research on a
firm or industry’s total factor productivity is not only
positive, but actually larger than the effect of the same
expenditure on applied R&D. In this 1980 paper, he
also found that over the 1970s most industries in the
US had reduced both the percent of their R&D that
went to basic research and the percent of their R&D
that went to projects identified as risky.

3. Adoption, diffusion, and transfer of new
technologies

Mansfield’s (1961) earliest major contribution to the
economics of technology is his third most cited paper:
“Technical change and the rate of imitation.” In re-
search complementary to Griliches (1957), Mansfield
showed that similar s-shaped adoption processes ex-
isted for 12 innovations in several industries. His most
striking finding in this area is to confirm that the speed
of diffusion is positively related to the profitability of
adoption.® Less strongly, he presents evidence sug-
gesting that innovation diffuses more rapidly in less
concentrated industries. This is a result that he would
strengthen and confirm in later studies (e.g. the 1977
monograph, p. 208).

7 Mansfield believed (1995, I, p. xi) that this paper had also
influenced public science policy.

8 Mansfield was also a leader in identifying some of the other
determinants of differences in speed of adoption including the age
and education of managers.
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Mansfield’s (1963c) eighth most cited paper was
another early paper he published on the economics of
adoption of new technologies, this one entitled “The
speed of response of firms to new techniques.” Mans-
field finds that smaller firms adopt new technologies
more slowly, and that more profitable technologies are
adopted faster. Another important finding is that, hold-
ing firm size and profitability constant, early adoption
of one technology is not a very good predictor that a
firm will also be an early adopter of later technologies.

In his 12th most highly cited article, Mansfield and
co-authors Schwartz and Wagner, find that imitating
another firm’s innovation costs about 65% of what the
innovating firm spent to initially develop the innova-
tion, and that within 4 years of the issuance of a patent,
about 60% of the patented innovations had been im-
itated. This paper was one of only three of his own
papers that Mansfield chose to include in the 1993 vol-
ume he edited on The Economics of Technical Change
(Mansfield and Mansfield, 1993).

An important extension of Mansfield’s work on the
diffusion of technology is his research on international
technology transfer. Some of this research was rele-
vant to important policy debates, such as whether US
firms’ R&D activities abroad provided foreign firms
a competitive advantage to US firms. In a 1984 pa-
per with Romeo, Mansfield finds that significant new
technology flows from US subsidiaries abroad to the
US, a process they describe as a “reverse” transfer
of technology. Much of Mansfield’s work on technol-
ogy transfer prior to 1986, including the important
work in his 1982 monograph, is summarized in his pa-
per “Technological change and the international diffu-
sion of technology: a survey of findings” (Mansfield,
1986b). In this paper, Mansfield reports his finding
of an increase in the rate of cross-country technology
transfer, and that countries that invest more in R&D,
are quicker at adopting other countries’ innovations.

4. Patents and intellectual property rights

Mansfield’s fourth most cited paper is “Patents and
innovation: an empirical study” (Mansfield, 1986a) in
which he uses survey data to test the Schumpeterian
hypothesis that patents provide an important incentive
for firms to innovate. Mansfield finds, to the contrary,
that in most industries, firm respondents report that

nearly all of the innovations achieved would still have
been introduced even if there was no patent protection.
Two industries were exceptions to the rule: pharma-
ceuticals and chemicals. A possibly paradoxical find-
ing is that even in industries where patents are reported
to be unimportant to innovation, most patentable in-
novations are still patented. (One might interpret this
as support for the dictum that economists should at-
tend to what agents do, not what they say about what
they do.) A final important result in the paper is that
there was no evidence of a decline in the 1970s of the
propensity to patent, as had sometimes been alleged
as an explanation for the decline in patents. Specifi-
cally, Mansfield found that from the 1965-1969 period
to the 1980-1982 period, there was no decline in the
percent of inventions that firms patented. This was an
important finding (see Griliches, 1990, p. 1699) that
increased the usefulness of patent data as a measure
of inventive activity.

Secrecy is an alternative to patenting as a means
to protect intellectual property. A significant finding
of the Mansfield (1985) paper, “How rapidly does
new industrial technology leak out?” is that informa-
tion about new innovations “leaks” out within 12—18
months. Dosi (1988, p. 1131) suggests, however, that
it takes significantly longer for the news to translate
into the production or replication of the innovation.

In a later paper (Mansfield, 1993) on “Unauthorized
use of intellectual property,” Mansfield found that
countries that protected intellectual property, ceteris
paribus, received more (and higher quality) foreign
investment.” These findings remain controversial. For
example, using an index based on characteristics of
countries’ patent laws, Edson Kondo (1995a,b), found
no relationship between the level of protection and the
level of foreign direct investments. Mansfield’s study
was based on survey responses of US firms involved
in foreign direct investment, while Kondo’s was based
on written laws. Mansfield’s data could be criticized
as subjective, while Kondo’s data could be criticized
for not measuring the level of enforcement of laws
on the books, and for not distinguishing different

Y T heard Mansfield speak eloquently on this topic to an interna-
tional gathering of scientometricians at which he and | were the
only economists—the audience was quite angry, but he firmly and
politely refused to give an inch. (This occurred at the Fifth Bi-
ennial Conference of the International Society for Scientometrics
and Infometrics in River Forest, [llinois in June 1995).



1612 A.M. Diamond Jr./Research Policy 32 (2003) 1607-1617

components of foreign direct investment. The latter
may be important because one of Mansfield’s most
striking results was that the protection of intellectual
property rights had the most effect on a firm’s deci-
sion to invest in a particularly high quality component
of foreign direct investment, namely investment in
the research and development facilities in a country.

5. Firm size and market concentration

In his fifth most cited paper, Mansfield tests the
well-known Schumpeterian hypothesis that large firms
are more likely to produce innovations than small
firms. In his paper “Size of firm, market structure, and
innovation,” Mansfield (1963b) finds that in the bi-
tuminous coal and petroleum refining industries, the
four largest firms had a larger share of innovations,
than they did of the market, but that in the steel in-
dustry the opposite was true. The optimal size firm
for innovation was slightly smaller than the size of
the four largest in the bituminous coal and petroleum
refining industries, and much smaller in the steel in-
dustry. He concludes that the four largest firms are
most likely to account for a large part of the industry
innovations when innovation requires substantial cap-
ital, when firms need to be fairly large to make use of
the innovations, and when the average size of the four
largest firms was substantially larger than the average
size of a firm in the industry.

In his 1964 JPE paper on “Industrial research and
development expenditures . ...” Mansfield finds that
the four largest firms in the drug, glass and petroleum
industries, invested a smaller percent of their revenues
on R&D, than did somewhat smaller firms. In the steel
industry, the difference was in the same direction, but
was not statistically significant.

In his final major research on the subject, his
1981 “Composition of R&D expenditures . .. Mans-
field studied 108 firms, classified into 12 industries
(Mansfield, 1981a). At the firm level, he found (p.
611) that within an industry, ... increases in size
of firm are associated with more than proportional
increases in the amount spent on basic research.” But
he also found (p. 612) that the largest firms ... tend
to carry out a disproportionately small share of the
R&D aimed at entirely new products and processes.”
Also there was no relationship between firm size and

the riskiness of R&D projects undertaken. At the
industry level, he found (p. 612) that “the relation-
ship between an industry’s concentration level and
its R&D spending is rather weak.” Moreover, more
concentrated industries devoted a smaller percentage
of their R&D expenditures to basic research.

In a brief 1983 AER paper on “Technological change
and market structure . . . ” Mansfield (1983) reports the
interesting finding that there is no systematic relation-
ship between technological change and a change in
the level of concentration in the industry: some tech-
nologies increase concentration and some decrease it.

6. Social and private returns to firm innovation

In the seventh most cited paper (1977) Mansfield
and several co-authors estimate the “Social and pri-
vate rates of return from industrial innovations.” The
authors found a wide variation in the social rate of
return, but usually found it to exceed 50%, often by
a wide margin. Equally notable: the median social
return was about twice the median private return.
Specifically, they estimated that the median private
rate of retirn was about 25% and the median social
rate of return was about 56%. The paper remains
a foundation for government technology policy to
encourage firm R&D.

The credibility of the general finding was strength-
ened after being twice replicated by NSF-sponsored
research. For the 20 innovations studied in the replica-
tion by Robert R. Nathan Associates, the median so-
cial rate of return was 70%, while the median private
rate of return was 36% (Robert, 1978, p. 5, p. 7). For
a different set of 20 innovations studied in the repli-
cation by Foster Associates, the median social rate of
return was 99%, while the median private rate of re-
turn was 24% (Foster, 1978, p. iii). Scherer (1983)
extended the Mansfield results to show that the dif-
ference between social and private returns increases
linearly as social returns increase.

7. Japanese technological innovation

Mansfield’s 9th and 10th most cited articles exam-
ine an issue of concern in the 1980s, the relative in-
dustrial strength of the Japanese versus the United
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States economies. His “Industrial R&D in Japan and
the United States: a comparative study” (1988) finds
that Japan focused more on process innovations, as
compared to the United States which focused more on
product innovations. He also finds that the Japanese
were efficient imitators and implementers of new tech-
nology, but did not have an advantage in performing
basic research. His “The speed and cost of industrial
innovation in Japan and the United States: external vs.
internal technology™ (1988) presents evidence on the
relative time-costs in Japan and the United States for
different types of innovation. He finds that Japanese
firms have notably lower costs in imitating and ex-
ploiting technologies originally developed external to
the firm. Mansfield viewed his research on Japanese
innovation as a rough beginning of the investigation of
inter-country differences: in reference to the difficulty
of designing a survey instrument in a foreign language
he was careful to note (p. 1167, footnote 26) that in
this early research *... there is no way to eliminate
completely the possibility of errors of interpretation
by respondents.”

8. The difficulty of technological forecasting

Mansfield argues, in his 1975 Journal of Business
article with Wagner, that early investigation of the
probability of success of projects increases their profit
potential. Yet in one of the most significant findings
of a 1971 paper with Schnee and Wagner, the authors
present evidence that predictions from labs of the tech-
nical success of projects turned out to be only slightly
more accurate than predictions based on chance. Sim-
ilarly, in his 1978 Journal of Business article with
Beardsley (Beardsley and Mansfield, 1978),'° he also
documents the poor quality of such forecasts of suc-
cess, a problem he pessimistically attributes in 1995
to “inherent uncertainties” (p. xiii). A complementary
finding in the 1971 paper was that cost overruns at
two major pharmaceutical firms turned out to be of the
same order of magnitude as those frequently found in
defense contracting. These findings are not encourag-
ing to policy makers, whether in the government or in
the firm.

10 1t is perhaps puzzling that the 1978 paper contains no mention
to the 1974 paper.

9, Mansfield’s aims and method

For those who argue that personal tastes underlie
a scholar’s positions on important issues, Mansfield
presents a difficult case to explain. On an affectionate,
personal level, EM. Scherer has noted!! Mansfield’s:

... paradoxical aversion to modern technology. He
didn’t drive a car, flew only when there was no
feasible rail alternative, didn’t use credit cards, and
didn’t type. Once I was riding with him in a hotel
elevator. He looked peaked. “Ed, is there something
wrong?,” I asked. “I never did like these elevators,”
he replied.

Mansfield, however, did not allow his personal tech-
nology aversions to distract him from his intellec-
tual conclusions concerning the role that technological
progress has played in economic growth.

Near the end of his career, Mansfield gave a clear
summary and defense of the method that he applied
in most of his research:

In general, my approach has been to try to get a
reasonably solid empirical footing before attempt-
ing to model complex phenomena about which very
little is known; to keep the theoretical apparatus as
simple, transparent and robust as possible; to col-
lect data directly from firms (and other economic
units) carefully tailored to shed light on the problem
at hand (rather than to try to adapt readily available
general-purpose data, which often is hazardous),
and to check the results as thoroughly as possible
with technologists, executives, government officials
and others who are close to whatever phenomenon
is being studied (Edwin Mansfield, “Introduction.”
Innovation, Technology and the Economy, vol. I,
1995, p. ix.).

Although Mansfield occasionally made use of
broad, macro level data (e.g. in “Rates of return .. .7,
Mansfield, 1965, AER), he concluded from “con-
sulting and other experience” that “a more mi-
cro project-by-project analysis” is “often more
trustworthy™ (1995, I, p. xi).

F.M. Scherer has elaborated'? on what was a unique
aspect of Mansfield’s micro research:

' Personal communication from Scherer (2000).
12 Personal communication from Scherer (2000).
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What was remarkable about him was that he culti-
vated a large stable of R&D vice presidents he could
ring up, and who were sufficiently loyal that they
would go out of their way to answer his difficult
questions. It really was unique; only Al Link comes
close. The “data” he got were subjective, but they
enormously illuminated what technological innova-
tion was all about, despite qualms about subjectivity
and inability to replicate.

Mansfield’s method was primarily to apply econo-
metric analysis to original data to answer impor-
tant questions about technical change. While many
economists appear to be indifferent to the policy rel-
evance of their work, Mansfield clearly hoped that
much of his work would provide a useful basis for
business and government policy (1995, T, p. ix).

10. Mansfield’s suggestions for the future

More important, perhaps, than specific suggestions'?
for future research, are Mansfield’s general comments
on the future promise of the economics of technology.
One source of Mansfield’s final advice comes near
the end of a 1996 book review (Mansfield, 1996):

Everyone seems to agree that technological change
is at the heart of the process of economic growth.
Over the past 40 years, progress has been made
in understanding the economics of technological
change. Based on empirical, historical, statistical,
and theoretical studies by economists, a body of
knowledge has been developed which has proved
useful to firms and governments. ... But our un-
derstanding of diffusion, imitation, innovation, and
development is much stronger and richer than our
understanding of research and invention. Extraordi-
nary creativity remains a mystery; no one can make
dependable long term predictions of what inven-
tions will occur and when, or of what their effects
will be.

While one can write down equations stating that
inventive output depends on R&D (and other) in-

13 For example, Mansfield (1995, I, p. xviii) suggests that inter-
national technology flows need to be incorporated in models of
productivity change.

puts during the current and previous periods, such
equations are unlikely to be very useful for pur-
poses of long-run prediction; many firms and gov-
ernment agencies have engaged in long-term tech-
nological forecasting, with little success. This, of
course, does not mean that economists should not
study the long-term economic development of na-
tions, and try to explain what has occurred. But it
does mean that, whereas it may be possible to repro-
duce “stylized facts” from the past, the invention of
models that can make useful long-term predictions
is likely to be an elusive goal'* (“Book review of
Silverberg et al. ... ", 1996, pp. 180-181).

A second source of Mansfield’s advice for the future

is at the end of the introductory essay of his 1995
volumes of his collected works:

(The economics of technological change) remains
an area where there is a particular need for people
who are comfortable working in, and drawing on,
a variely of disciplines. Very few problems of any
consequence can be solved within the confines of
a single discipline. It continues (o require persons
who have a lively interest in both basic and applied
work, and who are able to use each to enrich the
other. It is still an area needing people who like to
work on ill-defined problems where little is known
and nothing is tidy, but where the rewards for even
a partial solution are very high. Those with such
attributes should be encouraged to enter this field
because the opportunities continue to be enormous.
While a lot more is known now than 40 years ago,
the truth is that economists have only scratched the
surface” (Edwin Mansfield, “Introduction.” Inno-
vation, Technology and the Economy, vol. 1, 1995,
p. Xxi).
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Appendix A. Measuring Mansfield’s contributions

In this paper, the aim has been to discuss
Mansfield’s most important contributions. In judg-
ing “importance” we make use of Mansfield’s own
judgments about what was important in his work,
the judgments of other distinguished scholars in the
field and the judgments implied by citation counts of
Mansfield’s publications.

One of the key sources of Mansfield’s own judg-
ments of what is most important in his work is the
two-volume collection of his articles that he edited
and published in 1995 under the title Innovation, Tech-
nology and the Economy. Using the same logic, the
three of his own articles that Mansfield included in the
1993 volume he edited with Elizabeth Mansfield, The
Economics of Technical Change, would pass an even
higher standard of self-judged importance.

No review essays of Mansfield’s life opus have
yet appeared to serve as a source for the profession’s
views of the relative importance of Mansfield’s con-
tributions. In the absence of such sources, a useful
proxy for such judgments is the number of times
various works of Mansfield have been cited in the lit-
erature. Although skepticism is sometimes expressed
on the usefulness of citation analysis, Mansfield him-
sell believed that citations were a useful measure of
academic productivity and intellectual influence.'’

15 For example, in one of his summaries of his contributions,
Mansfield mentions that he “... was among the 20 economists in
the United States most cited in professional journals from 1971
to 1985 (Mansfield, 1997, p. 1).

Our sources for citations are the various volumes
from 1966-1997 of the Social Science Citation In-
dex (SSCI). Rankings based on citations can only be
viewed as rough measures of relative importance to
the profession for a variety of well-known reasons
that do not need to be fully rehearsed here. Since
Mansfield’s older publications have had more years
in which to accumulate citations than his more recent
writings, citations were counted for a 5-year period
closely following the publication date of an article or
monograph.'® This “5-year” citation count was used
to rank publications in Tables 1 and 2, although the
“total” ranking is also presented, and is usually not
much different from the “S-year” ranking. Table 1
lists the 20 most highly cited Mansfield articles, using
the 5-year citation count. Table 2 lists citations to all
of Mansfield’s monographs (excluding textbooks and
article collections).

Since the SSCI only lists citations under the first au-
thor of an article, it simplified the process of counting
citations that Mansfield was either the sole author or
the first author of all but six of his articles. We counted
the citations for these six articles under their first au-
thor and found that none of the six ranked among his
20 most highly cited articles.

Some prominent economists (e.g. Joan Robinson
and Sir John Hicks) in later years prominently dis-
puted the profession’s assessment of what was most
important and valuable in their life work. So it may
be useful to note how much Mansfield’s assessment
of his own work corresponds to the profession’s.

The citation rankings in Tables | and 2 provide some
important evidence of the profession’s assessment. For
Mansfield’s self-assessment, we may find evidence in
what he chose to include as editor of essay collections
later in life. In 1995, he reprinted 44 of his articles in

! For articles published before 1966, the measure is the num-
ber of citations to the article in the 1966-1970 SSCI cumulative
volume. For articles published from 1966 to 1970, the measure is
the number of citations in the 1971-1975 S§CI cumulative vol-
ume. For articles published from 1971 to 1975, the measure is the
number of citations in the 1976-1980 SSCI cumulative volume.
For articles published from 1976 to 1980 the measure is the sum
of the citations in the annual volumes from 1981 to 1985. For ar-
ticles published from 1981 through 1991, the measure is the sum
of the citations in the annual volumes for the 5 years immediately
following the year of publication.
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a two-volume set published under the title Innovation,
Technology and the Economy.

In 1993, along with Elizabeth Mansfield, he pub-
lished 25 essays by himself and by others under the
title The Economics of Technical Change. Of these 25
essays, 3 were either solely authored or co-authored
by Mansfield (#3, #7, and #12 in Table 1).

Of the 20 most highly cited Mansfield articles listed
in Table 1 of this paper, all but 3 were reprinted
among the 44 articles in the 1995 volumes. (The 17
reprinted articles, among the top 20 cited articles,
are each indicated by an asterisk in Table 1.) Of the
three excluded, two (#11 and #18) could be viewed
as non-specialist summaries of work that appeared
in more detail elsewhere. A more puzzling omission
(#17) is the Mansfield (1964) JPE paper on industrial
research and development. This article constituted the
second (and core) chapter of Mansfield’s highly cited
1968 monograph Industrial Research and Technolog-
ical Innovation. Perhaps Mansfield believed that the
availability of the material in that book, reduced the
marginal value of including the 1964 article in the col-
lected works volume.

The three Mansfield articles that pass the more se-
lective self-assessment screen of inclusion in the 1993
volume, rank in the top 12 by the profession’s assess-
ment, using the “5-year” counts, and in the top four by
the “total” counts. Thus, Mansfield’s own judgments
of which of his works were important does not seem
much different from the profession’s.

As a possible, partial exception to this generaliza-
tion, we should note that in the 1995 book, of the 10
topics to which Mansfield thought he had made sig-
nificant contributions, the articles on two topics were
not highly cited by the profession. Specifically, none
of the four articles on “Public Policy Towards Civilian
Technology™ and none of the four articles on “Techno-
logical Forecasting” were among Mansfield’s 20 most
cited articles.
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