Basic Research and Science
In the Japanese Economy

The Quantity and Quality of Japanese Science

The theme of this chapter is that despite the scale and overall competence
of its research and development effort, Japan is not obtaining many of
the potential benefits. Japan’s spending on research and development
ranks second globally.® Based on data from the Organization for Eco-
nomic Cooperation and Development shown in figure 5.1, the 1998 value
of Japan’s R&D was 41 percent of the U.S. total, or 48 percent of
American nondefense R&D. However, as a share of the total economy,
shown in figure 5.2, spending patterns in the two countries have been
quite comparable since the mid-1980s. Business R&D in relation to sales
rose at a faster pace than overall spending, however. Japan’s ratio was 20
percent below the American figure in 1982 but surpassed it in 1989;
since then, the two countries have moved in tandem.

Strongly backed by industry, the Japanese government embraced the
June 1996 recommendation of the advisory Council for Science and
Technology to expand government support for science. The program
authorized by the cabinet called for funding increases that would boost
total research and development spending 50 percent over five years.
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The rhetorical focus in Japan on increasing the budget for science
and basic research is not new. Since at least the late 1980s, government
officials and industry executives have expressed unease at the apparently
growing lags in technology between Japanese businesses and leading-
edge developments elsewhere. They pointed to the science activities of
American universities and the close ties between academic researchers
and industry in the United States as a pattern that deserved close scru-
tiny—and perhaps emulation.

Figure 5.1: R&D Expenditures in the United States and Japan,
1980-98 (billions 1996 dollars)
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The persistent calls for greater attention to basic research did not re-
sult, however, in subsequent increases in budget outlays. If anything, the
share of basic research in total government-funded R&D declined. The
university percentage of the basic research account, a prime indicator of
government support, fell from 54.2 percent in 1987 to 52.6 percent in
1994.

Many observers suggest that the recession-induced three-year drop in
private R&D spending in the first half of the 1990s, particularly the sharp
decline in corporate support for basic research, drove home the signifi-
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cance of government R&D funding. However, according to the govern-
ment’s annual R&D survey in 1999, basic research's share of total ex-
penditures has held steady since 1980. While this means that the growth
of funds allocated to basic science has kept pace with overall spending, it
also shows that the numerous new programs that have targeted basic re-
search over the years have not yet had a visible impact. Most analysts de-
spair of Japan's ability to close the basic research gap without a thorough
overhaul of the government's methods for allocating money and selecting
research projects.

Figure 5.2: Total and Business R&D Expenditures in the
United States and Japan as Share of GDP and Sales, 1982-98
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The economic rationale for government support of basic research
flows from the combination of two of its attributes. First, high social re-
turns accompany basic research. Second, privately funded basic research
is presumed to have low profitability because of the unpredictability of
the results, the long lag between research and profitable exploitation, and
the relative ease of using the results of someone else’s research efforts.
Given these drawbacks, companies are unlikely to make the socially de-
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sirable level of R&D investment. In this situation government has a le-
gitimate role in covering the difference since its responsibilities encom-
pass the broader welfare of the entire nation.

Expenditures, however, measure inputs only. To determine R&D
output, or what a country gets for its money, the number of articles
authored by a nation’s scientists can be used as an indicator. According
to a National Science Foundation report, the United States produced 33
percent of the articles published in scientific and technical journals
worldwide in 1995. Japan’s share was second at 9 percent, followed by
Great Britain’s 8 percent, and Germany’s 7 percent.? The ratio of Japa-
nese to American articles was 27 percent, considerably smaller than the
40 percent expenditure ratio. This comparison suggests that in terms of
scientific output, Japanese R&D is not as productive as that of the three
other top countries.

The value of each scientific article itself can be measured by the
number of times it is cited in subsequent research. In 1994, citations per
Japanese paper were half the U.S. number, placing it eighteenth in inter-
national rankings.®

Bringing these numbers together, a crude measure of overall scien-
tific productivity is citations per dollar spent. Thus, with R&D spending
of 40 percent of the U.S. level, scientific output of 33 percent, and cita-
tions per article of 50 percent, Japan gets only two-fifths the results of
American science resources.

Counting citations alone admittedly may result in a biased indication
of the scientific worth of Japanese research. First, for obvious reasons,
scientists tend to cite their own work and that of their colleagues working
in the same country. Second, scientists outside of Japan may be unfa-
miliar with the output of researchers there because of language and geog-
raphy. American authors, for example, cited their colleagues 67 percent
of the time. Indeed, researchers from each of the 31 countries surveyed
by the NSF cited other scientists doing work in the same country to a
disproportionate degree.

However, almost all countries cited U.S.-authored articles at an even
higher rate than their own. The exception was Japan, where Japanese-
authored articles accounted for 37 percent of the citations compared with
the 35 percent accorded U.S.-authored articles.* Since the United States
is the largest producer of scientific articles, the high citation frequency of
its articles is not surprising. On average, though, foreign citations of U.S.
scientific literature exceed the U.S. world share of articles in most fields.

These figures arguably are irrelevant. The chief feature that distin-
guishes Japanese R&D is neither its scale nor its considerable vigor but
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its orientation toward business and especially manufacturing. This char-
acteristic can be seen in the sources of R&D funding. As shown in table
5.1, industry supplies more than three-quarters of the R&D money in Ja-
pan; the comparable figure for the United States is less than 60 percent.
The contrast is even greater for R&D work performed by industry, which
in Japan is paid for almost entirely by business itself.

Table 5.1: Sources of R&D Finance
in Japan and the United States, 1995 (percent)

Japan United States
Total R&D Financed by:
Industry 77.0 59.9
Government 22.9 36.1
Industry R&D Financed by:
Industry 98.6 81.4
Government 1.2 18.6

Source: Organization of Economic Cooperation and Development

Despite many apparent similarities in the overall distribution and
performance of R&D in the two countries, the high proportion of busi-
ness financing in Japan has a significant impact on the kind of work done
there. A 1985 survey of two hundred matched, large, science-oriented
firms in each nation by Edwin Mansfield of the University of Pennsylva-
nia identified the activities emphasized by each company in their inno-
vation spending. The Japanese respondents put almost two-thirds (64
percent) of their money into R&D that improved manufacturing proc-
esses. The American participants devoted only half that effort (32 per-
cent) to process R&D. They focused 68 percent of their innovation
spending instead on new products; Japanese firms earmarked just 36 per-
cent for these activities.®

The business orientation of Japan’s R&D was correctly identified in
the past as the foundation of the country’s technological strength. Now,
that slant is a growing problem. In advanced countries, the linkages be-
tween science and the economy appear to have intensified to such a de-
gree that the practical orientation of much of Japan’s scientific commu-
nity and the acknowledged weaknesses of its basic research and
university science may retard productivity growth in the future.
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Links between Science and the Economy

Many studies have linked science to economic performance. One scholar
aggregated the available stock of scientific knowledge by cataloging the
post-1908 worldwide dissemination and use of articles in nine scientific
disciplines, assuming an annual obsolescence rate of 13 percent based on
previous studies. The study estimated the effect of this measure of scien-
tific knowledge on industrial productivity on each of eighteen U.S.
manufacturing industries according to the number of scientists working
in them. From 1966 to 1980, scientific knowledge was estimated to have
contributed about 0.5 percent annually to productivity growth, or about
two-thirds of the total increase. The time elapsed between the creation of
knowledge and its peak effect on productivity averaged about twenty
years. In the computer and engineering fields, however, the lags were
only ten years, reflecting the more applied, less basic character of re-
search in these areas.

Another way to assess the impact of science on the economy is to
examine a sample of countries whose spending on R&D varies by nation
and over time. Typical of this genre is a recent study published by the
National Bureau of Economic Research that included thirteen of the
more affluent countries belonging to the OECD. Again, the authors fo-
cused on the effects of R&D on productivity, compiling the R&D stock
from annual spending converted at purchasing power parity. The esti-
mates for the 1971-1990 period then were changed into rates of return.
The return on a country’s own R&D was a substantial 51 percent in the
seven largest countries and 63 percent in the smaller ones. Such a high
return on research spending, much greater than the yield estimated for
physical capital, is not out of line with the results of other studies. The
NBER paper also examined the spillover effects of R&D performed in
other countries. The impact of foreign R&D on American productivity
was equal to some 40 percent of the effect of this country’s domestic
R&D. The comparable Japanese figure was 20 percent.” This finding
suggests that the United States makes greater use of foreign R&D than its
competitors, an outcome that appears in several other studies.

Edwin Mansfield examined the dependence of new commercial
products and production processes on academic research in a late 1980s
survey of sixty six firms randomly chosen from a larger group known to
include major R&D performers. The survey asked the subject companies
to list five academics whose work had contributed the most to their
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firms’ technology. More than three hundred researchers were named, the
majority of whom were on the faculties of leading U.S. research univer-
sities. Mr. Mansfield then interviewed the academics to determine the
sources of their funding. Almost all had received government support,
two-thirds of which came from the National Science Foundation. A sta-
tistical analysis suggested that overall faculty quality correlated well with
the frequency with which the companies in the Mansfield study cited in-
dividual academics. Proximity to the company also was an important
predictor of being noted by a particular firm.®

Some of the most compelling research on the tighter links between
academic science and commercial activities has come from the work of
Francis Narin, president of CHI Research. His work has focused on cita-
tions contained in corporate patents filed in the United States, almost half
of which are from foreign sources. The main information extracted from
the patents were the front-page citations to prior art, which the issued
patent is presumed to improve on. Citations are previous patents and
nonpatent references such as scientific journal articles. Scholars using
patents believe that citations are a good source for the antecedents of in-
vention.

In one study, Mr. Narin selected for analysis the 397,660 patents is-
sued in the United States in the 1987-1988 and the 1993-1994 time
frames. These patents included references to 175,000 scientific articles in
journals listed in the Science Citation Index. Researchers selected for
further analysis papers published in the eleven years prior to the patent
filings, a process that resulted in 40,000 papers in the earlier time span
and 104,000 in the later period. The 144,000 articles were matched
against the Science Citation Index to obtain information on authors and
their affiliation. The number of articles was further limited to those with
at least one American author. The remaining 45,000 articles formed the
core for further examination?

Including additional patent data from previous studies, researchers
found that U.S. corporate patent citations to science articles jumped more
than three times between 1985 and 1995. Patents from other countries
showed similar rates of increase, but the scale of American science refer-
ences was considerably greater than for other countries. Vis-a-vis Japan,
the difference was almost threefold (see table 5.2).

As was noted earlier, every country tends to cite its own literature
disproportionately. Thus, German-to-German patent-to-paper citations
were 2.4 times as frequent as would have been expected based on the
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Table 5.2: Science Citations per U.S. Patent by Patent Country
of Origin and Field, 1985 and 1995

Drugs, Electrical Scientific
All Fields Chemicals Medicines  Components Instruments
1985 1995 1985 1995 1985 1995 1985 1995 1985 1995

United States  0.39 1.44 094 463 3.05 1161 053 128 058 1.72
Great Britain 030 1.12 068 250 133 526 044 120 039 135

France 025 064 032 105 124 249 054 079 031 1.02
Germany 0.18 054 044 134 097 354 044 098 024 0.55
Japan 0.17 050 044 128 406 326 031 069 0.13 042

Source: Narin, Hamilton, and Olivastro, “The Increasing Linkage,” 320-321.

number of German publications. At 4.5 times its relative publication fre-
quency, Japan’s rate of listing its own scientific literature was the highest
among the five countries studied. U.S. inventors cited the American lit-
erature less and foreign literature more than their counterparts. Such
openness belies the accusation that corporate America has a “not in-
vented here” attitude.

For those patents filed by American companies in 1993-1994, the
cited articles published in 1988, the peak year for citations, were
authored by people at the most prestigious universities and laboratories.
Several corporate laboratories ranked high on the list in certain technolo-
gies, but almost three-quarters of all cited studies had been supported by
public sources in the United States and other countries (see table 5.3).

Table 5.3: Institutional Origins of Scientific Papers
Cited by All U.S. Industry Patents and by IBM Patents

Citation Source All Patents IBM Patents
U.S. Private 20.4 34.4
(Including IBM) (21.0)
U.S. Public 43.9 25.1
Foreign Private 6.3 17.1
Foreign Public 29.4 14.1
Other 9.4

Source: Narin, Hamilton, and Olivastro, “The Increasing Linkage,” 328-329.
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The rate of citing public institutions varied by industry, but even in
electrical component patents, which cited industry sources to the greatest
degree, the combination of domestic and foreign public sources was just
under 50 percent. Even giants like International Business Machines
Corp., which has its own renowned laboratories and whose scientists
have received several Nobel Prizes, relied on publicly supported science.
At IBM, 40 percent of its science citations were to university research.
For U.S. patents as a whole as well as for IBM., foreign sources of sci-
ence funding figured prominently.

Localization of Knowledge Diffusion

Japan would not have to be overly concerned about its relatively weak
science base if it easily could take advantage of the best science around
the world. However, the diffusion of scientific results has a very strong
local affinity. What makes the problem more serious for Japan is that it
seems to be more insular than many other countries in its ability to bene-
fit from foreign science. Localization can be moderated by the movement
of scientists across borders, but, as will be shown, Japanese scientists do
not participate in this flow nearly as much as their peers in other coun-
tries.

It often is asserted that the results of basic research should be avail-
able at little cost to anyone in the world with access to the latest science
journals. This ideal, however, is not consistent with the evidence. For ex-
ample, the National Science Foundation supports much of the basic re-
search performed at U.S. universities. CHI Research’s Mr. Narin selected
patents held by both American and foreign companies and counted the
citations to NSF-supported research. Table 5.4 shows the citation rates
for several technologies ranging from strongly science-based biomedi-
cine and clinical medicine to the more applied field of engineering.
American inventors dominated these citations three to seven times more
frequently than foreign inventors.*

Adam Jaffe of Brandeis University has studied R&D spillovers to in-
stitutions beyond those conducting the original research. In one study, he
examined the links between universities and industry in twenty nine
states for eight years ending in 1981. In addition to considering the spill-
over within the state, he constructed a more localized measure of the
geographic proximity of universities and corporate labs by narrowing the
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scope of the analysis to metropolitan areas. The output measure he used
was the corporate rate of patenting.

Table 5.4 U.S. and Foreign Patents Citing NSF-Supported
Basic Research, 1993-1994

u.s. Foreign

Scientific Field Patents Patents
Biomedicine and Clinical Medicine 2,659 413
Biology 144 27
Chemistry 1,698 251
Physics 1,204 386
Engineering and Technology 656 180

Source: Francis Narin, Linkage Between Basic Research and Patented Technology (Had-
don Heights, New Jersey: CHI Research, August 14, 1996).

Mr. Jaffe found that within a state, industrial R&D spending was
closely associated with university science expenditures. The impact of
universities on company laboratories at the local level was weak, how-
ever. At the state level, an increase in university research of 1 percent
was estimated to increase patents directly by 0.1 percent and indirectly
through the impact on industry R&D by an additional 0.5 percent. The
total impact of university science within the state was several times as
powerful as industry’s own effort.*

A follow-up study to Mr. Jaffe’s used a more direct output measure
than patents: the innovations attributed to U.S. firms in 1982. In other re-
spects, the two studies were similar. Substitution of corporate innova-
tions for patents reinforced the Jaffe findings. Significantly, the geo-
graphic coincidence of universities and research labs within a
metropolitan area had a much greater effect than earlier estimated. The
authors concluded that the proximity of university research to industry
R&D was a powerful catalyst for corporate innovation.*

In a later study, Mr. Jaffe and two colleagues looked at citations to
patents granted to universities and corporations. They raised the follow-
ing issues: “Is there any advantage to nearby firms, or even firms in the
same country, or do spillovers waft into the ether, available for anyone
around the globe to grab? The presumption that U.S. international com-
petitiveness is affected by what goes on at federal laboratories and U.S.
universities and the belief that universities and other research centers can
stimulate regional economic growth are predicated on the existence of a
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geographical component to the spillover mechanism.” To address these
issues, the trio created samples of patent applications in 1975 and 1980,
including all patents assigned to universities and samples of corporate
patents chosen to match the university patents by date and technology.
After collecting all citations to these patents through 1989, they con-
cluded that 1980 patents were two to six times more likely to be cited by
other patents granted in the same metropolitan area than were random
patents in a matched control group. Reinforcing the message from other
studies, corporations cited university patents at about the same rate as
they listed other companies’ patents. In short, businesses located near a
university seem to gain added payoffs in terms of innovation.®

International Spillovers

The studies surveyed above demonstrate a strong tendency for science to
have local effects. However, this evidence is based mainly on the Ameri-
can experience. Several studies have examined international spillovers,
taking a direct look at Japan. For instance, Mr. Jaffe and a colleague
from Tel Aviv University, Manuel Trajtenberg, examined citations from
patents granted in the United States, Japan, Great Britain, Germany, and
France. The pair defined a “descendant” patent as one that cited an ear-
lier “antecedent” patent.

The central question Messrs. Jaffe and Trajtenberg sought to answer
was: “Is a descendent more likely to benefit from an antecedent that is
nearby geographically, from within the same institutional setting, and is
technologically similar?” Their data consisted of 1.5 million citable pat-
ents granted between 1963 and 1993, 1.2 million citing patents between
1977 and 1994 and a total of 5 million citations. A key finding was that
the countries studied tended to cite their own patents more often than
would be expected, given the distribution of patents across countries.
However, the United States was the most likely to cite a foreign patent;
Japan was the least likely. For example, accounting for the relative fre-
guencies of patents by country, U.S. inventors were 72 percent as likely
to cite a Japanese patent as a domestic one. Japanese inventors, in con-
trast, were only 33 percent as likely to cite an American patent as one
emanating from Japan. Perhaps the most important result relating to U.S.
economic welfare was that American inventors make and receive more
citations than those in other countries. “This may be evidence confirming
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the view of the U.S. as the most open and interconnected economic and
technological system.”*

The effects of domestic and international spillovers on the patenting
activity of Japanese and American companies have been studied by Lee
Branstetter of the University of California at Davis. From the five indus-
tries with the highest ratios of R&D to sales, he chose a sample of firms
with more than 10 U.S. patents granted from 1983 to 1989; that universe
included 205 Japanese businesses and 209 American firms. Mr. Bran-
stetter then calculated the domestic and foreign R&D pools available to
each firm, defined as the sum of other companies’ R&D aggregated ac-
cording to technological distance from the specific firm. These pools
constituted the potential for spillovers that might influence a firm’s pat-
enting activity. Explaining his choice of approach, Mr. Branstetter noted:
“There is considerable anecdotal evidence to suggest that Japanese firms
are particularly good at monitoring R&D developments abroad. If one is
going to find international knowledge spillovers anywhere, one should
find them here.” The central conclusion of the Branstetter study was that
knowledge spillovers are primarily a domestic phenomenon. He com-
pared his statistical findings with the results of a survey distributed to
American and Japanese R&D managers that asked whether foreign or
domestic research was more important. The reports from both groups in-
dicated that domestic research was “perceived to be overwhelmingly
more important.”®

Localization through Direct Links

Since localization has been shown to be a pervasive influence in the dif-
fusion of scientific knowledge, the mechanism that underlies this process
is critical. Is it a generalized osmosis from one laboratory to another, or
is there a specific process at work? Researchers at the University of Cali-
fornia at Los Angeles have performed groundbreaking research on this
question by analyzing the influence of so-called star scientists on the
creation of biotechnology enterprises.

The investigators defined a star scientist as the discoverer of more
than forty genetic sequences or the author of twenty or more articles re-
porting such discoveries through early 1990. Worldwide, 327 such indi-
viduals were identified, almost all of whom held university appoint-
ments. The United States was home to 207 star scientists, Japan 52.
Great Britain had the next highest number with thirty.
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The UCLA researchers then investigated the links between the stars
and the creation of biotechnology businesses, identifying 751 enterprise
births in the United States from 1976 through April 1990. Strong local-
ization effects were found in the United States across regional economic
areas. The emergence of biotech firms in a given year was strongly influ-
enced by the local distribution of star scientists. These start-ups were the
result of scientists who remained on faculty staffs while establishing
businesses on the side or engaging in close consultations with established
companies. Significantly, though, the presence of top-flight universities
and the value of federal research grants at local universities had as strong
an effect on the creation of biotech firms as the proximity of stars.*®

The UCLA team duplicated the U.S. study in Japan and found 277
new biotechnology enterprises. (When they included secondary locations
of laboratories or plants, the Japanese total came to 416.) Only 12.3 per-
cent of the Japanese enterprises were new firms, however, compared
with 77.3 percent in the United States.”

Until 2000, Japan’s national or publicly funded universities, the in-
stitutions with sufficient resources to play a significant role in basic re-
search, prohibited professors from profiting from their research through
consultation for pay or by starting a firm as a principal. Technology
transfer was supposed to be paid for out of a teacher’s salary. In addition,
commercialization of any research output may require permission from
the relevant ministry, thus creating another barrier to the exploitation of
university research. Even with government approval, ownership of the
intellectual property is unlikely to be transferred to the company in ques-
tion.

Nevertheless, the UCLA researchers found that the incentives were
strong enough to motivate collaboration in the biotechnology field. For
example, 40 percent of the Japanese stars coauthored articles with a
company scientist compared with a U.S. figure of 33 percent. Typically,
firms sponsor talented employees as graduate students in top academic
departments. These students expand a professor’s research work force
and also may bring with them corporate funding for equipment or sup-
plies. With the student as a liaison, the academic department can assume
certain research tasks for the company as an exchange for in-kind re-
search support. Similarly, the company often provides routine but costly
support for the university laboratory.

Many new biotechnology enterprises indicated that it was “under-
stood” that they would place productive professors in “extraordinarily
well-paid advisory positions after the professors’ mandatory retirement.”
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At least some biotechnology firms made unreported cash payments to
key professors that were the size of annual salaries. Overall, the UCLA
study noted that the incentives in Japan were workable but smaller than
in the United States. The report’s authors also found that the opportunity
for a professor to start a biotechnology firm while still in the academic
environment was “nonexistent.” In the United States, there was a signifi-
cant net outflow of star scientists from universities to firms. No such
movement occurred in Japan.'®

According to statistical analyses performed across geographic re-
gions, the presence of a star within a prefecture increased the probability
of a start-up in the same prefecture by roughly 10 percent. Comparing
the effect of stars on the formation of biotechnology enterprises in Japan
and the United States, the UCLA researchers discovered that the impact
was about half the American effect. This quantitative gap is consistent
with Japan’s institutional differences: weaker incentives for scientists to
be involved in commercialization, the absence of a venture capital mar-
ket, and restraints that keep professors from becoming scientists-
entrepreneurs.

The UCLA researchers noted that with more than twice as many pat-
ents and products on the market, American biotech firms were far ahead
of their Japanese counterparts. They also pointed out, however, that de-
spite concerns about real barriers, Japan has done more with its science
base in the creation of biotech enterprises and products than any major
European country. The country’s scientific talent and corporate R&D
competence are, by most measures (including biotechnology advance-
ment) second in the world.

The UCLA research illustrated the importance of the reforms under-
way in Japan or being considered to increase support for academic basic
research, to focus it on successful investigators, and to remove the legal
and institutional barriers that restrict scientists from participating in the
commercialization of their discoveries. The authors concluded: “The fact
that the institutional differences lead to such different patterns of eco-
nomic impact is strong evidence in support of the view that technology
transfer in the case of major breakthroughs involves movement of ex-
traordinarily talented people responding to economic and scientific in-
centives.”® They also suggested that in slower-moving, less complex
technologies, such close relations between star scientists and industry
may be less critical.
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Transferring Knowledge through People

One study by the UCLA team noted that the technological transfor-
mation of an established American company they examined was
achieved primarily by hiring scientists familiar with the new technology
and incorporating them into the existing business structure. In fact, this
particular firm’s cooperation with universities often was intentionally de-
signed to recruit students working in departments where the science in-
terested the firm.? Likewise, the study by the University of Pennsylva-
nia’s Mr. Mansfield of the links between academic researchers and
companies found that most of the academics cited as important by the
firms had students who took jobs with the sample firms.*

A central question is whether scientists and companies in Japan take
advantage of the openness of American science through this kind of di-
rect contact. Such associations can arise through the training of doctoral
students, university appointments, and coauthorship as well as by estab-
lishing laboratories in the United States.

According to figures compiled by the National Science Foundation,
1,276 Japanese students earned doctoral degrees in science and engi-
neering in the United States over the ten-period from 1986 through 1995.
Students from the People’s Republic of China, Taiwan, South Korea, and
India earned six to eleven times as many U.S. doctoral degrees in that
time. Hong Kong had almost as many science and engineering Ph.D.s to
its credit as Japan. Moreover, of recent doctoral recipients in the sciences
with jobs in the United States, Japan fell at the bottom of the list of the
top ten countries with only thirty in 1995. It had the third-smallest num-
ber of graduates and the lowest proportion of those remaining to work in
American laboratories. China led the list with 2,446 postdoctoral work-
ers. Japan did not even appear on the top ten list of the country of origin
of foreign-born science and engineering faculty in U.S. higher education.
Japanese science does not seem any more cosmopolitan in terms of in-
ternational coauthorship, NSF data indicate. From 1991 to 1995, the ratio
of internationally coauthored scientific articles to all scientific literature
coming out of Japan was 13 percent. That placed it in a multiple tie for
last place with India and “other former USSR” countries.?

By most measures, Japan is tied into the world science community
only weakly. The one anomaly in this pattern is corporate R&D. Japan
heads the list of countries with R&D facilities in the United States. Of
676 foreign laboratories in this country in 1996, 36 percent were Japa-
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nese-affiliated. But with expenditures of $1.9 billion, Japanese compa-
nies ranked fourth after Switzerland, Germany, and Great Britain.?

Indeed, the corporate lab is the main way in which Japanese industry
taps into American science. Mitsubishi Electric Corp. exemplifies this
strategy. According to the head of its North American operations, the
company’s Cambridge, Massachusetts lab is its premier technical estab-
lishment. It remains an open question, however, whether this approach
will suffice if Japanese industry and the economy as a whole are to gain
the greatest benefits from the expanding scientific base at home and
abroad.

Conclusions

The increasing role of basic research in advanced industrial technology,
the contribution of this type of work to corporate and national productiv-
ity, and the links between academic science and high technology industry
all speak to the importance of a healthy research base for economic wel-
fare. The role of geographic proximity in the effective transmission of re-
search also suggests that it should occur near where it is likely to be
used. The comparative weakness of basic research in Japan and the in-
stitutional impediments to its use supply a rationale for the government’s
policy of strengthening the performance and the institutional framework
of the Japanese research system.

A word of caution may be appropriate, however. Basic research, by
its nature, is an uncertain undertaking. Indeed, that characteristic pro-
vides the major reason for government involvement. The implication is
that results cannot be planned. Consequently, it makes little sense to try
to justify basic research by assigning concrete goals. Moreover, it often
takes many years, sometimes decades, for the results of research to find
economic application. (In some fast-moving areas the time scale admit-
tedly is considerably compressed.) Because of the uncertainty surround-
ing results and timing, patience and long time horizons are required for
the economic payoffs to be realized. These are qualities often described
as central to Japanese planners. Accordingly, the future for basic research
in Japan may be a bright one. Alternatively, if these qualities are not re-
alized, the future looks somewhat dimmer.
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