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The paper reports the results of a mail survey of and 
personal interviews with R&D managers of the largest 

Japanese electronics and biotechnology firms regarding the 
organizational and geographic dimensions of their R&D activ- 

ities. The results indicate that the importance of multi-func- 

tional teams for Japanese R&D has been overemphasized. 

The transfer of employees between R&D and manufacturing 

and joint meetings are judged as being the most important 

factors in ensuring the information transfer between the two 

corporate functions. The findings indicate that basic research 
facilities have significant locational flexibility. However, ap- 

plied research and production engineering need to be in close 

proximity to manufacturing. The differences between the elec- 
tronics and biotechnology industries were only rarely signifi- 

cant. 
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Introduction 

The once common perception of Japan as a 
technological imitator has faded. Similarly, the 
old view that Japan’s technological and industrial 
success is a function of State targeting and gov- 
ernment R&D funding is giving way to a revi- 
sionist perspective which places greater explana- 
tory power on the role of firms, corporate organi- 
zation and business strategy [3]. According to a 
wide range of studies, Japan has become a global 
technology leader both in terms of R&D inputs 
and outputs [1,30,57,64]. In 1989, for example, 
the top ten Japanese electronics firms spent $15.3 
billion on R&D, compared to $12.2 billion for 
the top ten US electronics companies [16]. Frame 
and Narin [26, p. 4551 concluded that “the patent 
data clearly show a major tilting of the technolog- 
ical balance away from the United States and 
toward Japan.” The emergence of Japan as an 
industrial power and technological leader has 
caused scholars from a variety of disciplines to 
begin to reconsider the innovation process and 
the organizational conditions under which inno- 
vations are efficiently transformed into commer- 
cial products (see [4,5,23,24,36,37,411X 

Traditionally, studies of Japanese innovation 
emphasized the role of the State, in particular the 
Japanese Ministry of International Trade and 
Industry in organizing, promoting and financing 

0048.7333/94/$07.00 0 1994 - Elsevier Science B.V. All rights reserved 
SSDI 0048-7333(93)00720-E 



306 M. Kenney and R. Florida / Japanese R&D 

Japanese innovation [2,9,27,28]. While govern- 
ment targeting and R&D funding clearly had 
impacts in certain industrial sectors, many of the 
industries in which Japanese firms have become 
global competitors are ones in which government 
intervention has been relatively limited and cer- 
tainly insufficient to explain rapid technological 
and industrial growth. 

A number of theories have been advanced to 
challenge this ‘strong State’ view. From the per- 
spective of industrial organization economics, 
Mansfield [50] argued that at least part of the 
reason for Japan’s technological success is deter- 
mined by the allocation of resources and effort at 
the firm level. In a comparison of a sample of 
Japanese and US firms, Mansfield found that 
Japanese firms devoted a greater percentage of 
their innovation expenditures to tooling and man- 
ufacturing equipment than US firms. He further 
concluded that Japanese firms are advantaged in 
terms of “carrying out innovations based on ex- 
ternal technology, [but] do not seem to have any 
in carrying innovations based on internal technol- 
ogy” [50, p. 11671. 

An important research stream has identified 
organizational factors as playing a central role in 
Japan’s technological and industrial performance. 
This work suggests that Japanese industry has 
organized strong linkages among R&D, product 
development and manufacturing which allow for 
the rapid transfer of innovation from the labora- 
tory into production and ultimately to the mar- 
ketplace. Basically, this view emphasizes the eco- 
nomic and technical efficiencies that come from 
collaborative problem-solving and organizational 
learning. Imai et al. [37] highlighted the close 
integration of R&D, product development and 
manufacturing activities in Japanese firms (also 
Hull et al. 1351). Aoki and Rosenberg [5] and 
Hayes et al. [31] contrasted Japan’s integrated 
approach to R&D and product development with 
the linear model of large US and European cor- 
porations. Case studies by Westney and Sakak- 
ibara [68] and a broader survey of Japanese and 
US engineers by Lynn et al. [441 found that 
Japanese engineers communicated more fre- 
quently with manufacturing than did their Ameri- 
can counterparts. In addition, Japanese engineers 
and researchers were more likely to have experi- 
ence on the shop-floor than in the US [521. How- 
ever, others suggested that problems can arise if 

R&D is too closely linked to manufacturing, such 
as the development of a troubleshooting orienta- 
tion and the consequent neglect of longer-term 
development of new technologies [39]. 

A more recent body of research has focused 
on the role of geographic proximity in the organi- 
zation of R&D both in the US and Japan. Jaffe 
[381 suggested that co-location of university and 
industrial R&D in the US has a significant pay- 
off in terms of the productivity of innovation. 
Krugman [42] made a strong case for the role of 
geographic specialization in economic develop- 
ment. Arthur [6,7] and David [12,13] noted that 
the location of industrial activity, particularly in- 
novative industrial activity, is in large measure 
historically determined and ‘path-dependent.’ 
The geography literature has further suggested 
that Japanese industry is characterized by signifi- 
cantly greater physical proximity and co-location 
among R&D, product development and manu- 
facturing than is the case in the US or Europe 
[23,24,611. 

Economic geographers have long noted the 
geographic specialization of industrial activity, ar- 
guing that the innovation process is characterized 
by a distinct ‘spatial division of labor’ which allo- 
cates different corporate functions, e.g. research 
laboratories and factories, to different locations 
(see Walker [67] for a review). Further, R&D 
activities have themselves been subdivided by type 
and focus of activity, e.g. into basic R&D labora- 
tories, divisional and applied research laborato- 
ries, and product and process development facili- 
ties. This division of labor made it possible in the 
US, for example, to disperse these activities geo- 
graphically according to workforce characteris- 
tics, skill levels, and wage rates (see [491X Empiri- 
cal research has indicated that in both the US 
and Europe corporate headquarters and central 
R&D laboratories are distinguished by a similar 
set of location factors, such as high quality human 
capital, well-developed transportation systems, 
and urban amenities [33,46,47,49]. This is fre- 
quently attributed to the agglomeration econo- 
mies of large metropolitan areas. 

Recent geographic research has noted the de- 
centralization of R&D activity, as both US and 
European corporations established technical 
branch plants outside major manufacturing re- 
gions, such as Motorola’s semiconductor complex 
in Phoenix Arizona. In addition, economic geog- 
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raphers and regional scientists have argued that 
‘regional innovation complexes’ such as Silicon 
Valley, California and the Route 128 complex 
around Boston and Cambridge, Massachusetts 
comprise an alternative model for the organiza- 
tion of innovation consisting of integrated net- 
works of high-technology firms; large concentra- 
tions of high-technology entrepreneurs, man- 
agers, engineers and scientists; venture capital 
funds; and related support institutions ([18,22- 
24,631). 

While there are a wealth of Japanese-language 
studies on the location of Japanese R&D, only 
recently has there emerged an English-language 
literature on the location of Japanese R&D. 
Nishioka and Takeuchi [54] found that 90% of 
the national government’s researchers, 60% of 
the independent research institutes and 50% of 
those affiliated private entities are located in the 
Tokyo area. It has been further argued that the 
requirements of ‘just-in-time’ production inform 
a tight integration and co-location of R&D and 
manufacturing [24,611. Japanese geographers have 
pointed out that rapid economic growth and the 
limited availability of land in major metropolitan 
centers have brought about pressure for the de- 
centralization of Japanese manufacturing and R 
&D activities [51]. This trend is reinforced by the 
increasing globalization of Japanese manufactur- 
ing in Asia, the US, and Europe and the demands 
for dispersed R&D and product development to 
support these activities [14,2.5,41]. 

The research presented here enables us to 
explore the major issues in the organization and 
geography of Japanese R&D, such as communi- 
cation, information flow, and technology transfer 
as well as organizational linkages among R&D, 
product development, manufacturing and other 
corporate functions. We also explore geographic 
factors at work in the location of different types 
of Japanese R&D, and the degree of proximity 
among R&D and other corporate functions and 
activities. 

The research is informed by a theoretical per- 
spective which emphasizes the role of informa- 
tion and knowledge in technology development 
and transfer. We start from the idea that differ- 
ent types of knowledge or information require 
different organizational linkages and/or levels of 
geographic proximity to transfer effectively. Clark 
and Fujimoto [lo, p. 3321 point out that 

“notwithstanding the popular argument that elec- 
tronic telecommunications media will substitute 
for face-to-face contact, interpersonal communi- 
cation will continue to be critical to new product 
success.” In our view, this will be especially true, 
because knowledge and new ideas are highly tacit, 
imprecise, and require iteration or trial-and-error 
to be put into practice. Aoki 141 and Nonaka [551 
conceptualize the Japanese firm in terms of infor- 
mation processing and knowledge-creating capa- 
bilities. Essentially, we hypothesize that nature of 
organizational and geographic linkages among 
various functions of the Japanese firm will de- 
pend upon the different types of knowledge cre- 
ation and information transfer required for the 
functioning and integration of those activities. 

We examine these issues through a survey of 
R&D organization in the 112 largest electronics 
and biotechnology companies in Japan. A com- 
monly recognized weakness in the existing litera- 
ture is its reliance upon generalizations drawn 
from a limited number of case studies or anecdo- 
tal accounts. Our research was designed to over- 
come this weakness by conducting a survey of the 
largest R&D-intensive Japanese firms in the 
‘high-technology’ industrial sectors of electronics 
and biotechnology. The survey research was sup- 
ported by follow-up interviews and site visits to a 
representative sample of survey respondents. To- 
gether, the two phases of the research explored 
the nature of the linkages between R&D, prod- 
uct development, manufacturing and other func- 
tional units of the Japanese firms, and the main 
factors in the location of R&D and product 
development facilities. 

Research design 

The research was comprised of both survey 
research and personal interviews. The survey was 
conducted in 1991 and included the 112 largest 
Japanese electronics and biotechnology firms. The 
survey population was defined to include large 
firms with significant R&D efforts in important 
and fast-growing high-technology fields. The elec- 
tronics firms were the largest ones listed in the 
1988 Japan Company Handbook [651 in the fol- 
lowing categories: heavy electrical machinery (e.g. 
Hitachi, Toshiba and Mitsubishi Electric), com- 
munications equipment (e.g. Omron Tateisi, NEC 
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Table 1 
Scope of R&D activities 

Category Total Electronics Biotechnology 
mean median N= mean median N= mean median N= 

Total scientists and 1973 800 53 3330 1300 26 667 492 27 
engineers a 

Basic R&D scientists 

Applied R&D 

scientists/engineers 
Product development 

scientists/engineers 
R&D/sales ratio 

No. basic R&D 

facilities 
No. applied R&D 

facilities 
No. product 

development 

114 50 41 172 65 20 60 40 21 
301 220 41 362 300 20 243 200 21 

914 378 45 1563 550 21 347 275 24 

7.7% 5.1% 50 6.5% 6.0% 25 9.0% 5.0% 25 
1.8 1.0 48 2.3 2.0 22 1.3 1.0 26 

3.6 2.5 48 4.0 3.0 22 3.3 2.0 26 

5.5 4.0 52 7.3 6.0 25 3.8 3.0 27 

a The total number of scientists and engineers does not equal the sum of basic, applied and product development personnel since 

some companies did not provide detailed breakdowns of their R&D personnel. 

Source: M. Kenney and R. Florida, Japanese R&D Survey (1991). 

and Fujitsu), consumer electronics and parts (e.g. 
Matsushita Electric, Sony and Sanyo Electric), 
measuring instruments (e.g. Yokogawa Electric 
and Avantest), miscellaneous electric and preci- 
sion machinery (e.g. Canon, Konica, Nikon, Ca- 
sio, Seiko Epson, and Minolta). Precision ma- 
chinery was added to the electronics group be- 
cause those companies are now important com- 
petitors in the electronics industry. The sample 
population of biotechnology firms was drawn from 
the Japanese Biotechnology Industry Centre (BI- 
DEC [S]) directory of member companies. In 
using the BIDEC directory we chose to omit all 
of the non-industrial members such as construc- 
tion companies, banks and brokerage houses. The 
addresses were obtained from the Jupan Com- 
pany Handbook. The companies included were 
from the pharmaceutical, chemical, food and bev- 
erage processing industries. 

The survey instrument obtained information 
on the organization of R&D, linkage and com- 
munication between R&D and other units of the 
firm, and the main factors in the location of 
R&D facilities. It was designed in English and 
then translated into Japanese; this translation 
was then checked by two Japanese professors for 
wording and meaning. The survey employed stan- 
dard definitions of R&D activity used by both 
the U.S. National Science Foundation and the 
Japanese government, e.g., basic research, ap- 

plied research and development. * We recognize, 
however, that even such ‘standardized terms’ can 
be interpreted differently in the two countries 
and by different respondents (see [32,591). 

The survey was implemented in two stages: an 
initial mailing and a follow-up (see Dillman [151 
for a discussion of survey design and implementa- 
tion). Both mailings consisted of a letter of intro- 
duction in Japanese outlining the purpose of the 
survey, a brief biography of the two principal 
investigators, the Japanese-language survey 
printed in booklet form, and a stamped self-ad- 
dressed envelope. The surveys were addressed to 
the ‘R&D Planning Section’ of each firm. The 
initial mailing achieved a response rate of 32% 
(36, n = 112). The second mailing increased the 
total response rate to 48% (54, n = 112). The 
response was divided evenly between the two 

Basic research was defined as “research undertaken primar- 
ily for the advancement of scientific knowledge, where 
specific practical application is indirectly sought.” Applied 
research was defined as “research undertaken primarily for 

the advancement of scientific knowledge, with a specific 
practical application sought directly.” Product development 

was defined as “the use of available knowledge obtained as 

the result of basic or applied research and/or practical 
experience which is directed to the introduction of new 

materials, equipment, products, systems and processes, etc. 
or the improvement of such already made available.” (See 
Papadakis [59] and Hicks and Hirooka [32] for discussions 

of the meaning of ‘basic’ research in the US and Japan.) 



M. Kenney and R. Florida / Japanese R&D 309 

industry subgroups with 27 reponses for electron- 
ics and biotechnology respectively. 

The survey responses exhibited some bias to- 
ward the largest and most R&D intensive firms. 
Only two of Japan’s largest electronics firms (e.g. 
Toshiba Corporation and Hitachi Ltd.) declined 
to participate. Most of the largest firms in the 
Japanese biotechnology firms responded. In other 
words, the respondents comprise the largest R& 
D investors and R&D employers in the Japanese 
electronics and biotechnology industries. The 
persons completing the survey came from differ- 
ent parts of the firm including: corporate R&D, 
the planning section, and engineering administra- 
tion. There was no systematic bias by geographic 
location. 

Follow-up field research and personal inter- 
views were conducted with a representative sam- 
ple of survey respondents to gain more detailed 
information on the organizational and geographic 
dimensions of R&D. Managers of 23 firms were 
interviewed in Tokyo, Osaka and Kyoto. The 
interviews took on average l-2 hours each and 
were comprised of both structured and unstruc- 
tured questions. The interviews collected further 
information on the organization of R&D, modes 
of linkage between R&D and other corporate 
functions, and the main locational factors which 
influence Japanese R&D. 

Organization of R&D 

Scope of R&D activities 

Basic data on the scope of R&D activities for 
respondent firms is provided in Table 1, including 

the total number and functional breakdown of 
research scientists and engineers, the R&D to 
sales ratio, and the number of various types of 
R&D facilities (e.g. basic or central, applied and 
product development). Generally speaking, the 
results indicate that the respondent firms evi- 
dence a significant degree of R&D intensity. 
Overall, the respondent firms average 1973 R&D 
scientists and engineers, the median number be- 
ing 800 (n = 53). The distribution was skewed by 
industry. Electronics firms averaged 3330 R&D 
scientists and engineers (median 1300, n = 26) 
compared to biotechnology firms with a mean of 
667 and a median of 492 (n = 27). It should be 
noted that one respondent firm reported over 
16000 R&D personnel. As might be expected, 
the majority of R&D scientists and engineers 
were focused on product development activities 
(mean 914, median 3781, with significantly fewer 
on average in applied R&D (mean 301, median 
2201, and basic or central R&D activities (mean 
114, median 41). Electronics firms led biotechnol- 
ogy firms across all categories. 

The ratio of R&D to sales is a commonly used 
measure of R&D intensity. On this measure, the 
respondent firms are significantly R&D inten- 
sive. The average R&D to sales ratio for the 
respondent group was 7.7% (median 5.1%). The 
biotechnology firms devoted a larger share of 
sales to R&D (mean 9%, median 5%) than the 
electronics firms (mean 6.5%, median 6%). The 
respondent firms also had a significant number of 
R&D facilities, averaging 5.5 product develop- 
ment facilities, 3.6 applied R&D facilities, and 
1.8 basic R&D laboratories each. The electronics 
firms again led biotechnology firms on each di- 
mension. 

Table 2 

Mechanisms for linking R&D and manufacturing 

Mechanism Overall Electronics 

Transfer of employees from R&D to manufacturing 4.02 4.11 
Joint meetings of managers from R&D and manufacturing 3.94 4.07 
Multi-functional teams 3.87 3.93 
Annual or semi-annual science conferences or technology fairs 3.75 3.74 
Transfer of employees from manufacturing to R&D * 3.47 3.82 
Requiring manufacturing to finance R&D * * 2.78 3.08 

* Significant at the 0.05 level; * * Significant at the 0.10 level. 
Responses are on a l-5 scale where 1 is not important and 5 is very important. 

Biotechnology N= 

3.92 53 
3.81 53 
3.82 54 
3.76 54 
3.12 54 
2.50 51 

Source: M. Kenney and R. Florida, Japanese R&D Survey (1991). 
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Linkages between R&D and manufacturing 

As noted above, the research literature sug- 
gests that Japanese corporations are character- 
ized by strong linkages between R&D and manu- 
facturing. The literature has suggested various 
mechanisms for facilitating such linkage including 
the use of multi-functional teams, rotation and 
transfer of R&D personnel to manufacturing 
units, the use of meetings and informal contacts 
to connect the two groups, and financial incen- 
tives such as having operating divisions rather 
than corporate headquarters finance R&D activ- 
ities (see Aoki [4]). 

Table 2 reports the findings on the mecha- 
nisms used to link R&D to manufacturing. The 
findings here shed important light on a number 
of issues. The transfer of employees from R&D 
and manufacturing was seen to be the most im- 
portant mechanism for fostering linkages be- 
tween R&D and manufacturing with a score of 
4.02. This was true of the survey respondents as 
whole as well as for each of the two industries. 
Interestingly, while ‘reverse’ transfers from man- 
ufacturing to R&D were of significant impor- 
tance to the electronics companies, they were of 
less importance to biotechnology firms. An R&D 
manager who was interviewed at a major Japanese 
optical products/camera company succinctly 
summarized the motivations and incentives that 
encourage R&D personnel to participate in such 
transfers: 

Develop a product first in R&D and get a 
patent on it. Then you take the lead in trans- 
ferring that product to a manufacturing site. It 
does not matter how good the prototype prod- 
ucts you have made are unless you make that 
transfer successful, you would not be consid- 
ered very good. And if the product sells well in 
the market and creates profits you will likely 
become the leader of a business group. The 
leader of business group can be a managing 
director (the lowest level of executive). 

Not all firms in the sample engaged in trans- 
fers or rotations between manufacturing and R& 
D. A major electronics firm in the sample noted 
that it wished to transfer an entire development 
group to a manufacturing plant in Kyushu. How- 
ever, nearly half of this group of 60 R&D per- 
sonnel refused such transfer, and left the com- 

pany to take jobs with other firms. Other firms in 
the sample did not attempt to transfer R&D 
scientists and engineers to other corporate func- 
tions. For example, in an interview the senior 
managing director of research and development 
for a major Japanese pharmaceutical company 
noted that: “There is a rotation within research 
and development, but not to production.” A 
number of firms in the sample noted that R&D 
scientists and engineers are reluctant to accept 
transfers to manufacturing or administrative posi- 
tions outside the R&D function. An R&D man- 
ager at a leading Japanese chemical company 
stated that: 

When I was asked by the head of the [central] 
research institute to transfer, I said “No.” And 
then another head of research talked to me 
and kind of persuaded me, and I understood 
why I had to go. So there is mutual under- 
standing that it is a good idea to go. It is not 
against my wiI1. I would like to go back. I used 
to stay in the central research laboratory which 
is more research oriented. But now since I 
moved here, I have found some of the devel- 
opment work at the development research lab 
at the plant level which is more focused on 
product development. I found it interesting. 
And also the business groups may be interest- 
ing. 

The literature on the Japanese firm has em- 
phasized the importance of communication, in- 
formation flow and knowledge creation. This po- 
sition has been advanced by Aoki [3,4] from a 
microeconomics perspective and Nonaka [55] 
from the point of view of management strategy. 
Aoki and Nonaka generalize from the Japanese 
firm to conceptualize a new model of industrial 
organization and firm behavior based upon 
knowledge mobilization and information transfer. 
The findings of our research lend some support 
to this view. As Table 2 shows, meetings between 
R&D and manufacturing personnel ranked sec- 
ond with a score of 3.94. Indeed, meetings (3.94) 
scored higher than the multi-functional teams 
(3.87) which the organizational perspective has 
identified as the most significant mechanisms for 
organizational integration and linkage. This pat- 
tern was particularly evident for electronics firms 
in the sample, where the scores were 4.07 versus 
3.81. We included a response category for annual 
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Table 3 
Problems encountered in linking R&D and manufacturing 

Problem area Overall Electronics Biotechnology N= 

Ensuring adequate communication between R&D and manufacturing 4.37 4.52 4.22 54 

Convincing researchers of importance of manufacturing * 4.06 4.26 3.85 54 

Convincing manufacturing of the importance of R&D 3.87 3.91 3.84 54 

Responses are on a l-5 scale where 1 is not important and 5 is very important. 

* Significant at the 0.10 level. 

Source: M. Kenney and R. Florida, Japanese R&D Survey (1991). 

or semi-annual corporate conventions or science 
fairs which many Japanese companies use. This 
ranked third from last with a score of 3.75. The 
use of financial incentives ranked last (2.781, sig- 
nificantly behind the other factors, suggesting that 
such incentives are perceived to be of limited 
utility. However, some of the very largest compa- 
nies mentioned using ‘internal contracting’ in 
their responses and in the follow-on interviews. 
The findings here tend to reinforce the informa- 
tional perspective of Nonaka and Aoki on the 
Japanese firm, while contradicting the organiza- 
tional perspective’s claim that multi-functional 
teams comprise the ‘heart’ of the linkage between 
R&D and manufacturing. 

Connecting R&D functions to manufacturing 
is a difficult organizational problem for firms, 
particularly for large multinational corporations. 
Indeed, there is a huge literature detailing the 
problems large US and European companies en- 
counter in linking R&D and production activities 
(see Florida and Kenney [23] for a review). The 
survey included a question designed to identify 
the obstacles Japanese firms encounter in con- 
necting innovation and production activities. The 
question was phrased as follows: “What are the 
main problems you face in linking manufacturing 
and R&D?” The relevant findings for this ques- 
tion are presented in Table 3. As this table shows, 
the survey respondents identified “ensuring ade- 

Table 4 

Relative difficulty of linking R&D to other corporate functions 

quate communication between R&D and manu- 
facturing” as the main problem area. This scored 
4.37 on a 5-point Likert scale running from not 
important to very important. This was followed by 
the response: “convincing researchers of the im- 
portance of manufacturing” which scored 4.06; 
and “convincing manufacturing of the importance 
of R&D” which scored 3.87. Interestingly, the 
only statistically significant difference (at the 0.1 
level) was that electronics respondents found it 
not important to convince researchers of the im- 
portance of manufacturing. Part of the explana- 
tion here may be that manufacturing is more 
important to overall corporate performance in 
the electronics industry than it is in the biotech- 
nology sector, therefore it receives greater atten- 
tion from researchers and corporate managers. 

Linkages between R&D and corporate functions 

Linkages among R&D and other corporate 
units in addition to manufacturing, e.g. marketing 
and headquarters have also been identified as 
important aspects of R&D organization. Malecki 
[461 found that 88% of US firms have their R&D 
and administrative facilities located in the same 
metropolitan area. Howells [33,34] found that 
British firms link R&D to headquarters. The 
literature on Japanese industry suggests that there 
are tight linkages between manufacturing and 

Linkage Overall Electronics 

Between R&D and marketing 3.21 3.31 
Between R&D and manufacturing 2.46 2.59 

Between headquarters and manufacturing 2.36 2.35 
Between R&D and headquarters 2.33 2.37 

Responses are on a l-5 scale where 1 is very easy, and 5 is very difficult. 
Source: M. Kenney and R. Florida, Japanese R&D Survey (1991). 

Biotechnology N= 

3.11 53 
2.32 54 

2.37 53 
2.30 54 
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R&D [581. However, less attention has been paid 
to R&D’s linkage with other corporate functions 
such as headquarters and marketing. 

The survey results with regard to the difficulty 
of achieving organizational linkages among R & D 
and other corporate functions are outlined in 
Table 4. Quite interestingly, the survey respon- 
dents indicated that linkages between R&D and 
marketing were the most difficult. This was seen 
to be significantly more difficult than linking R& 
D to either manufacturing or headquarters. This 
was true in both the electronics and biotechnol- 
ogy industries. The reason for this may be the 
strong ‘production’ orientation of many Japanese 
firms. A Japanese R&D manager stated that to 
overcome this problem the firm should rotate 
personnel from sales to R&D rather than the 
current policy of one-way rotation from R&D to 
sales. He further noted that this might bring 
more knowledge of the marketplace and new 
ideas to R&D. Survey respondents viewed link- 
ages between headquarters and other corporate 
functions including R&D and manufacturing as 
the least difficult to achieve. 

The follow-up interviews with survey respon- 
dents indicated that the relationship between R& 
D and manufacturing has benefits which extend 
beyond rapid cycle times. Japanese R&D facili- 
ties often play an important role in the develop- 
ment of highly sophisticated tools and manufac- 
turing equipment. For example, the R&D sec- 
tion of a medium-sized Japanese electric instru- 
ments company in our sample provided in-house 
design of automated assembly equipment. The 
production engineering laboratory of Matsushita 
Electric Industries developed Panasert compo- 
nent insertion machines and robot assembly 
equipment for internal use. Now this equipment 
is sold to non-Matushita electronics firms and 

Table 5 
Mechanisms for linking basic and applied research 

generates $1.5 billion in annual revenues. Fur- 
thermore, Japanese semiconductor laboratories 
and product engineering centers design, develop 
and initially even produce the manufacturing 
equipment required for etching, measurement, 
particle and impurity control, diffusion and 
lithography. Mitsubishi Electric and Hitachi’s Ba- 
sic Laboratories cooperate with the production 
facilities in the development of sophisticated 
manufacturing equipment. The technology used 
in this equipment is at the cutting edge of fields 
such as surface science, chemistry and applied 
physics. 

Relationship between basic and applied R&D 

There is relatively little research on the rela- 
tionship between basic and applied R&D in 
Japanese industry. Most Japanese firms have rel- 
atively large central R&D laboratories which 
conduct a wide range of research in various scien- 
tific and applied disciplines, as well as distributed 
applied R&D facilities and product development 
centers which are more closely tied to production 
activities. The survey asked a series of questions 
designed to examine the linkages between basic 
and applied R&D. The main factors which 
Japanese firms use to link basic and applied 
R&D activities are summarized in Table 5. As 
this table shows, survey respondents ranked the 
transfer of personnel as the most important 
mechanism for connecting these basic and ap- 
plied R&D activities. This was true for both the 
electronics and biotechnology firms. However, 
such transfers were ranked significantly higher by 
electronics industry respondents. Again, regular 
meetings (3.96) scored higher than multi-func- 
tional teams (3.88). This difference is entirely 
attributable to the biotechnology respondents in 

Mechanism Overall Electronics 

Transfer of employees from basic to applied research * 4.12 4.38 

Joint meetings of managers from basic and applied research 3.96 4.00 

Multi-functional teams 3.88 4.00 

Transfer of employees from applied to basic research 3.71 3.79 

Annual (or more frequent) corporate technology conventions 3.47 3.71 

Responses are on a l-5 scale where 1 is not important and 5 is very important. 

Biotechnology N= 

3.88 49 

3.92 49 

3.76 49 
3.64 49 

3.24 49 

* Significant at the 0.01 level. 

Source: M. Kenney and R. Florida, Japanese R&D Survey (1991). 
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the sample, as electronics industry respondents 
gave meetings and multi-functional teams the 
same score (4.00). ‘Reverse’ transfer of employ- 
ees from applied R&D to basic R&D facilities 
ranked fourth (3.71). Corporate-wide technology 
seminars or conventions ranked last (3.47). In 
general, electronics firms rated the various mech- 
anisms consistently higher than did the biotech- 
nology firms. While it is impossible to entirely 
discern the reasons for this response pattern, it 
may be due to the fact that ‘speed to market’ is 
more important in electronics than biotechnol- 

ogy. 
The survey also identified the main problem 

areas confronted in linking basic and applied 
R&D. The results are summarized in Table 6. 
Overall, the major problem identified was ‘pro- 
moting respect between these two different 
groups” which scored 3.18. This was followed 
closely by “different methods of problem solving” 
which scored 3.12. Promoting good communica- 
tion between the two was seen as less problem- 
atic. Generally speaking, the biotechnology re- 
spondents indicated greater difficulty in connect- 
ing basic and applied research than the electron- 
ics industry respondents. This finding can be 
viewed in light of the results presented in Table 5 
which indicate that electronics industry respon- 
dents consistently ranked various mechanisms for 
linking basic and applied research higher than 
their counterparts in the biotechnology industry. 
It may well be that the emphasis placed on link- 
ing basic and applied R&D by the electronics 
industry respondents actually translates into less 
problematic linkage patterns. While the data point 
to such a relationship, they do not allow us to 
directly test for this result. A potential explana- 
tion for this pattern lies in the different underly- 
ing scientific and technological bases of the two 
sectors, with biotechnology research being more 

Table 6 

Problems in linking basic and applied research 

closely connected to basic science. In an inter- 
view, the senior managing director of R&D for a 
major Japanese pharmaceutical firm noted that 
the company hires scientifically oriented basic 
researchers to deepen its biotechnology program. 
While these scientific researchers tried to under- 
stand the underlying biological mechanisms for 
pharmacological applications, applied scientists 
were satisfied with knowing that it worked. Their 
different approaches to problems led to difficul- 
ties in communication, interaction and linkage. 

Field research at other firms in the sample 
indicated that basic and applied R&D tend to be 
linked through common objectives. All of the 
interviewees noted that basic research projects 
were ‘goal-oriented,’ meaning that such projects 
were focused on commercial applications. They 
further indicated that Japanese companies did 
not possess the resources to do the basic research 
of the sort conducted by universities, IBM York- 
town Heights and AT&T Bell Laboratories. The 
firms in our sample noted that there were only 
two real exceptions to this pattern among 
Japanese corporations-Hitachi which founded a 
laboratory aimed at conducting Nobel Prize-level 
basic research and Mitsubishi Chemical’s Life 
Science Research Institute whose aim is to ex- 
plore the frontiers of life science. However, re- 
spondent firms indicated that basic research ac- 
tivities tend to improve corporate image and make 
recruiting easier, even when there is no immedi- 
ate commercial payoff. 

Geographic organization of Japanese R&D 

Generally, Japanese R&D facilities are con- 
centrated in the Tokyo and the Tsukuba ‘Science 
City’ in Ibaraki prefecture which was launched by 
the national government to encourage the decen- 

Problem Overall Electronics 

Promoting respect between these two different groups * 3.18 2.84 
Different methods of problem-solving * 3.12 2.84 
Promoting good communication between the two groups 2.80 2.60 

Responses are on a l-5 scale where 1 is not important, and 5 is very important. 

Biotechnology N= 

3.52 50 
3.40 50 
3.00 50 

* Significant at the 0.05 confidence level. 

Source: M. Kenney and R. Florida, Japanese R&D Survey (1991). 



314 M. Kenney and R. Florida / Japanese R&D 

tralization of R&D from Tokyo. As mentioned 
earlier, a large percentage of Japanese re- 
searchers are located in the Tokyo area. In addi- 
tion, 30% of the universities and colleges of tech- 
nology are also in the Tokyo area. This is far 
more concentrated than in the US. According to 
Malecki [45], the Boston-New York-Washington 
megalopolis accounts for the largest concentra- 
tion of industrial laboratories in the US, but this 
is still less than 40% of all US industrial laborato- 
ries. 2 The geographic literature highlight the co- 
Iocation and proximity between R&D, product 
development and manufacturing in 3apan. This 
has been linked to the inherent advantages of 
just-in-time production systems with information 
flow between end-users and supplier (see, for 
example, Sayer [611X Eto [20, p. 1561 identifies 
Hitachi and Mitsubishi Heavy Industries as exam- 
ples of Japanese companies which have explicitly 
located R&D close to manufacturing to heighten 
communication and information transfer. Using 
the survey results, the following sections probe 
the geographic aspects of Japanese R&D, in 
particular the major factors behind the location 
of basic R&D, applied R&D, and product engi- 
neering facilities. 

There is a fairly well-developed literature on 
the Iocation of R&D facilities in the US 
([45,48,49]). This literature has found that the 
location of R&D laboratories is related to factors 
such as: proximity to universities, availability of 
scientists and engineers, and so-called ‘quality of 
life’ variables. Recent econometric research by 
Jaffe [38] identifies a strong correlation between 
the location of university and industry R&D in 
the United States (see also Feldman 1211). Malecki 
and Bradbury [49] found that the location of basic 
R&D in the US is related to the supply (and 
locational preferences) of scientific and technical 
workers, and that this is cIoseIy reiated to charac- 
teristics of the local labor market, in particular 
city size and the presence of major research uni- 
versities. As we have already seen, the literature 
on Japanese industry identifies a high degree of 

* Calculation is from Table 2 in Malecki 1451. This point is 
also made in Nishioka 153, p. 51. 

spatial pro~rni~ and clustering of R&D and 
manufacturing. This literature further suggests 
that this is due to the tendency for Japanese 
firms to organize their activities in integrated 
innovation-production complexes to optimize in- 
formation transfer, enhance the flow of knowl- 
edge and ideas, and rapidly turn innovations into 
marketable products [4,36,41,55]. 

The main factors in the location of Japanese 
R&D labs are reported in Table 7. We begin our 
analysis with the location factors which affect the 
location of basic R&D. As Table 7 shows, the 
highest ranking location factors for basic R&D 
were as follows: a ‘good living environment’ (3.981, 
proximity to universities (3.92), transportation 
(3.80), availability of engineers (3.671, proximity 
to government R&D facilities (3.511, and the 
availability of low cost facilities (3.16). With re- 
gard to government R&D facilities, responses 
were highly skewed, indicating that this was very 
important to some and not important at all to 
others. Proximity to other corporate functions 
and to suppliers ranked much lower. Quite sur- 
prisingly, proximity to factory sites ranked third 
from last, just slightly ahead of the location of 
competitors’ R&D facilities. This response pat- 
tern is essentially similar to that identified by 
Malecki 14647,493 for US basic R&D, as both 
appear to be driven by quality of life variables, 
availability of human capital and transportation. 

The fohow-up interviews and site visits provide 
a richer context from which to understand the 
survey results. In the interviews, it became clear 
that three factors-‘good living environment,’ 
‘good transportation linkages’ and ‘availability of 
engineers’-were consistently important. This typ- 
ically translated into a location in either of Japan’s 
two main metropolitan centers, Tokyo or Osaka, 
which provide the high level of urban amenities, 
pro~mi~ to other corporate functions, and trans- 
portation networks required for basic R&D. This 
is essentially similar to the locational patterns for 
basic R&D in both the US and Europe where a 
consistent ‘large city preference’ has been identi- 
fied [34,47,49]. However, it should be pointed out 
here, that the concept of a ‘good living environ- 
ment’ differs in Japan from the West. For exam- 
ple, the major locations for Japanese basic R&D, 
Tokyo and the Osaka-Kyoto area hardly fit 
Western conceptions of ‘good living environ- 
ments.’ 
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Table I 

Major factors in Japanese R&D location 

Factor Basic R&D Applied 
R&D 

Close to the factory 2.14 3.46 

Close to corporate headquarters 2.28 2.53 * 

Close to basic R&D facilities 3.17 

Close to product development facilities 2.56 4.10 

Close to applied R&D facilities 3.28 _ 

Close to universities 3.92 3.00 
Close to government R&D facilities 3.51 1.35 * 

Close to supplier’s R&D facility 2.20 2.68 
Close to competitors’ R&D facility 2.04 2.02 

Far from competitors’ R&D facility 1.98 2.00 

Low cost facilities 3.16 3.25 

Availability of engineers 3.67 3.22 

Good living environment 3.98 3.84 
Good transportation linkages 3.80 3.84 

Responses are on a l-5 scale where 1 is not important and 5 is very important. 

* Significant at the 0.01 confidence level; ** significant at the 0.05 confidence level. 

N = 48-50 for basic R&D, 50-52 for applied R&D, 52-54 for production engineering. 

Source: M. Kenney and R. Florida, Japanese R&D survey (1991). 

Production 

Engineering 

3.96 * 

2.57 

2.52 
_ 

3.84 

2.57 
2.39 

2.77 
1.96 

1.92 

3.36 

3.77 

3.79 
4.10 

The follow-up interviews also shed important 
light on the relationship between university R&D 
and industrial R&D in Japan. Respondents noted 
that ‘proximity to universities’ was basically used 
as a proxy for location in a major metropolitan 
area, e.g. Tokyo or Osaka. Some expressly stated 
that proximity to a university meant having good 
‘connections’ to professors which are required to 
ensure access to the best students. The general 
manager of corporate planning at a major com- 
puter company, clarified his survey response as 
follows: “If we [the company and the professor] 
drink sake together, then through that kind of 
connection we can get good students. In that 
sense [of closeness], but it’s not the matter of the 
R&D.” The general manager of R&D adminis- 
tration of corporate R&D at a major Japanese 
chemical and machinery producer, explained that 
“it is more personal connection than geographi- 
cal closeness.” 

The field research and follow-up interviews 
helped to clarify what was meant by the response 
‘proximity to government research facilities.’ 
Japanese government research facilities are more 
important in some areas than in others, thus 
firms in industrial areas with important govern- 
ment research were more likely to locate their 
own R&D close to those facilities. Location close 
to a government research facility was frequently 

coterminous with location in Tsukuba ‘Science 
City where many government research facilities 
have been relocated. The general manager of the 
engineering coordination division of a major 
Japanese computer company, reported that his 
company’s “new basic research laboratory is lo- 
cated in Tsukuba because it is close to the gov- 
ernment research facilities.” 3 

As noted above, the least important factor in 
the location of basic R&D facilities was proxim- 
ity to competitors’ R&D facilities. The follow-up 
site visits and interviews suggested that the main 
reason for this is the limited flow of information 
between competing Japanese firms. This is 
markedly different in the US where high degrees 
of clustering or agglomeration of R&D facilities 
have been identified [48,49]. A general manager 
of R&D for a major Japanese corporation noted 
that in Japan, “it is not important to locate the 
research close to the competitor’s lab. But, in the 
United States it is very different; there are many 
exchanges of people between the labs. So, [our 
lab in the U.S.] was located because of the con- 
centrated research around the area.” 

Our field research further suggested that the 
location of basic R&D facilities was to a large 

3 The interview was also attended by the senior program 
manager of the engineering coordination division. 
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extent historically determined and thus highly 
‘path-dependent’ (see [6,7,13]). The main reason 
is the tight constraints operating on the location 
choices of Japanese firms, stemming from the 
limited availability and high cost of land for new 
construction in major urban centers. The problem 
is not merely the price of land; indeed, large 
tracts are frequently unavailable at any price. The 
location of basic R&D in Japan is frequently 
limited to existing land owed by the firm. Thus, 
Japanese corporations often build R&D facilities 
on land that may have been formerly occupied by 
a factory or continues to be shared with a factory. 
The general manager of a respondent firm noted: 
“These locations [for R&D facilities] are tied up 
with history. There is no rational choice involved.” 

Location of applied R&D 

The main factors in the location of applied 
R&D facilities were significantly different from 
those for basic R&D. As Table 7 shows, the 
highest ranking locational factor was proximity to 
product development facilities which scored 4.10 
on a 5-point scale. This was followed by a good 
living environment (3.841, transportation linkages 
(3.841, proximity to factory sites (3.46), low cost 
facilities (3.251, availability of engineers (3.221, 
proximity to basic R&D labs (3.17), and proxim- 
ity to universities (3.00). Other factors scored 
considerably lower. These findings are in line 
with previous research which suggests that the 
Japanese just-in-time production system leads to 
co-location of innovation and production activi- 
ties. 

Location of product development and production 
engineering 

Table 7 also shows the main factors in the 
location of production engineering and develop- 
ment facilities in Japan. Here, the top-ranked 
factors were: transportation (4.101, proximity to 
factory sites (3.961, proximity to applied R&D 
facilities (3.84), a good living environment (3.791, 
and availability of engineers (3.77). Each of these 
factors scored in excess of 3.7 on a 5-point scale. 
Other factors ranked significantly lower. There 
was an important difference between electronics 
and biotechnology industry respondents in the 
location of product development facilities. Elec- 

tronics industry respondents ranked location 
‘close to the factory’ as very important (4.52). 
However, biotechnology respondents gave this a 
significantly lower score (3.41). Indeed, this was 
one of a very few variables where the difference 
of means was significant at the 0.01 level. The 
follow-up interviews suggested that in the elec- 
tronics industry construction of new electronics 
factories is frequently coupled with the construc- 
tion of new product development facilities and/or 
an applied research facility. This is in line with 
Fruin’s [29] concept of ‘development factories,’ 
which combine elements of product development 
and manufacturing and whose function is to move 
production down the learning curve and stabilize 
the production process for later transfer to pe- 
ripheral and overseas locations. In the biotech- 
nology industry, however, this was far less likely. 
Furthermore, biotechnology respondents found it 
significantly more important (0.01 level) than the 
electronics respondents to locate both product 
and process engineering facilities and applied re- 
search facilities close to headquarters. This result 
may also reflect the different scientific and tech- 
nological bases of the two sectors. Technological 
advances in biotechnology more closely depend 
on basic science (see Kenney [40]), while ad- 
vances in electronics depend closely upon inter- 
action between researchers, engineers and actual 
production facilities, particularly to increase the 
yield of complex production processes. 

Suppliers and R&D location 

Von Hippel [66] noted the importance of close 
linkages between suppliers and end-users to the 
innovation process. The literature on Japanese 
industrial organization emphasizes the close link- 
ages and interaction between suppliers and cus- 
tomers which is characteristic of Japanese just- 
in-time production (see Dore 1171; Kenney and 
Florida [41]). Close relationships between end- 
users and suppliers have frequently been seen as 
crucial to rapid product development. As Table 7 
indicates, the survey respondents indicated that 
proximity to suppliers is not a significant influ- 
ence on location. However, the answers here 
varied according to the type of R&D facility. 
Proximity to suppliers was relatively more impor- 
tant to the location of product development facil- 
ities (2.87), than it was to the location of applied 



research facilities (2&S), or basic R&D labs 
(2.00). There was no significant difference be- 
tween biotechnolo~ and electronics companies 
on these dimensions. These findings stand in 
some contrast to the tendency of supplier’s plants 
to cluster in close proximity to an end-user’s 
assembly facility under the just-in-time system of 
supply and delivery. 

However, there are two caveats to these re- 
sults. First, the literature has tended to focus on 
supplier end-user relationships in the automobile 
industry where components are bulkier and more 
difficult to transport than in the electronics or 
biotechnology industries. Second, the survey re- 
sponses are almost exclusively from large end- 
users who are less constrained in their locational 
choice than suppliers. In other words, suppliers 
may tend to locate their R&D facilities in re- 
sponse to end-users’ location choices and in close 
proximity to the R&D units of their major cus- 
tomers. Additional research is required to fully 
clarify this issue. 

Decentralization of Japanese R&D 

As noted above, Japanese firms are under 
pressure to decentralize activities as a result of 
rapid growth, labor shortage, and escalating land 
prices in central areas. Matsuhashi and Togashi 
[Sl, p. 18.51 have documented the decentralizing 
tendency of Japanese industry where branch 
plants are increasingly located in peripheral ar- 
eas. However, they note that: 

The decentralizing tendency was not accompa- 
nied by the decentralization of final assembIy 
plants, which still [are in] charge of key func- 
tions in the production systems of the machin- 
ery industry . . . The large agglomeration of sub- 
contracting firms [is] stil1 in the traditiona 
industrial centers and their outskirts, where 
R&D functions have also been recently lo- 
cated . . . Thus, we have to be careful of overes- 
timating the decentralizing tendency. (Matsu- 
hashi and Togashi L.51, p. 1851) 

Kwok’s [43] research on the locational determi- 
nants of the Japanese semiconductor industry 
suggests that even though some semiconductor 
production facilities were located in peripheral 
areas, others continued to be located in Tokyo to 
ensure a close linkage with their R&D facilities. 

The results of the interviews and site visits at 
Japanese facilities indicate that Japanese firms 
have devised strategies to cope with decentraliza- 
tion and avoid the extreme spatial separation of 
R&D, product development and manufacturing 
evident among some larger US and European 
corporations. For example, our field research in- 
dicates that Japanese firms often relocate devel- 
opment and production engineering groups to the 
new manufacturing site. The general manager of 
the engineering ~ordination division for a major 
Japanese electronics company noted: 

In our case, we first moved the manufacturing 
facility out. We sent some of the engineering 
also and the engineering grew rather rapidly in 
that manufacturing plant. Not development, 
development people remained at the central 
facility . . . But as the local manufacturing activ- 
ities grew, they needed more engineering at 
the manufacturing plant and they recruited 
engineers. And the engineers power grew in 
the plant. We then moved some of the devel- 
opment activity [to the pIant]. 

The manufacturing plant thus functioned as a 
‘magnet’ for engineering and development activ- 
ity. 

Understanding the organization and geography of 
Japanese R & D 

Our findings on the location of Japanese R& 
D, taken together with the findings on the organi- 
zation of R&D, shed light on the relationship 
between knowledge and technology transfer. The 
main difference between Japanese R&D organi- 
zation and that typically practiced by US and 
European firms lies in more applied R&D. In 
fact, the organization and location of basic R&D 
by Japanese corporations is quite similar to that 
of the US and European corporations. 

The research findings support the hypothesis 
that different types of knowledge produced by 
various corporate functions require different or- 
ganizational and geographic linkages. The survey 
results indicate that for Japanese firms in the 
electronics and biotechnology industries it is the 
more applied forms of R&D that are closely 
linked to manufacturing both in terms of organi- 
zation and geography. This is because developing 
working prototypes and scaling them up for pro- 
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duction involves a continuous transfer of knowl- 
edge and skill between engineering and produc- 
tion. Japanese basic R&D, on the other hand, 
does not evidence quite as tight linkages. Indeed, 
Japanese basic R&D is located in some degree 
of isolation from either more applied R&D or 
manufacturing. 

R&D and corporate strategy 

Ever since Schumpeter [62f, R&D has been 
seen as a major mechanism of corporate growth. 
Ergas [19] suggested that Japanese firms invest in 
R&D both to ‘deepen’ their capabilities in exist- 
ing industries and to ‘shift’ into emerging techno- 
logical fields. According to Clark [ll, p. 631: “it 
could even be said that Japanese firms research 
their way out of stagnation. . . . Slow though it is, 
the Japanese mode of diversification preserves 
both the social and technical coherence of the 
firm.” While both US and European companies 
tend to cut back R&D spending during business 
cycle downturns, Japanese companies try to grow 
across the valley’ increasing R&D and other in- 
vestments steadily during slowdowns. 

The role of R&D in corporate strategy goes 
well beyond simple expenditures. R&D can be 
used to create new technologies and whole new 
lines of business. Imai [36] has observed that to 
maintain the rapid pace of new product introduc- 
tions Japanese companies frequently have two or 
more teams working simultaneously at different 
stages of the product cycle. Thus, as the first 
product is entering the market, a second team is 
already protot~ing the next generation product. 
In this way, new product introduction is constant 
and both changes in market demand and techno- 
logical improvements are rapidIy incorporated 
into new product generations. 

It has commonly been observed that R&D is a 
weapon to penetrate new fields. Japanese R&D 
managers of firms in our sampie indicated that 
they are increasingly called upon to develop new 
products. As Japanese firms have moved to the 
forefront of global competition, they have moved 
significantly beyond technology that is available 
from foreign sources. Furthermore and contrary 
to both common perceptions and the practice of 
large US and European corporations, many 
Japanese firms in our sample viewed technology 

sales as undesirable. The senior associate man- 
ager of the corporate planning department of a 
major Japanese opto-electronics company ob- 
served that it was necessary to increase the R&D 
investment from 6% of sales currently to 10 or 
15% over the next two decades because the com- 
pany could no longer purchase technology from 
other firms: 

Such technology does not exist. How can we 
do it? All I know is that in cameras, office 
copiers and fax machines, only a Japanese 
company can make a high level product. So if a 
company wants some technology they must 
license from another company. Each company 
is a competitor so the company would become 
dependent upon its competitor’s policies. 

Aoki [3] has noted that Japanese firms are 
particularly adept at technological incubation and 
spin-off, and that they are able to benefit by 
retaining close organizational and social ties to 
spin-off enterprises. Our findings lend support to 
this concept of technological diversification via 
spin-offs of corporate affiliates. The general man- 
ager of the corporate R&D strategy department 
of a major optical and precision machinery com- 
pany in our sample, noted that R&D expendi- 
tures as a percentage of sales “increase every 
year. The reason is that manufacturing divisions 
are becoming subsidiaries-sales divisions are also 
becoming subsidiaries.” Our interviews further 
suggest that Japanese firms are able to efficiently 
exploit their core technologies and technological 
competencies to enter new business areas. For 
example, the senior associate manager of the 
corporate planning department at a photographic 
products and precision instruments firm outlined 
the company’s efforts to enter the cassette tape 
market dominated by Sony, TDK, and I-Iitachi 
Maxell. The company did so by exploiting its 
existing expertise in surface chemistry and coat- 
ing for photographic film, applying it to magnetic 
tape development and production. The same was 
true in the biotechnology sector. The deputy gen- 
eral manager of the patent department for a 
major dairy products company summarized his 
company’s strategy for entering the pharma~euti- 
cal business: 

Our company had much accumulation of 
knowledge concerning nutrition. And another 



M. Kenney and R. Florida / Japanese R&D 319 

Powder Metal Products 

Super Hard Materials 

Special Steel Wires 

z 1931 
,_~, \ 

_ :‘, 1897 Electric Wire and Cable 
1943 

: I 
Copper Mining and Smelting 
I)y the Sumitomo Family 

~ Compound Semiconductors 

Fiber Optic Systems 

Antenna Systems 

ARubber and Plasticrd 

Fig. 1. The R&D driven diversification of Sumitomo Electric Industries (Sumitomo Electric Industries CO., 1991). 

reason is we are producing cheese and yogurt 
so we have many microbiologists. So it is easy 
to enter into pharmaceuticals such as antibi- 
otics. So at our research institute we started 
researching antibiotics.. . . And the third rea- 
son is we have many veterinary scientists who 
could be transferred to working on humans. 

To understand this process of growth through 
related diversification, Fig. 1 illustrates the histor- 
ical growth and diversification of Sumitomo Elec- 
tric Industries compiled from our field research 
on this firm. Most of these diversifications were 
made possible by new developments by Sumit- 
omo’s R&D Laboratories. The company’s origi- 
nal core business in the late nineteenth century 
was copper mining and smelting. During the early 
part of the twentieth century Sumitomo Electric 
used its skills in smelting to move its business 
focus progressively into copper wire manufacture. 
In the immediate postwar era the company drew 
upon its technological base in metals and wire to 
move into special steel wires, in wire coatings to 
move into rubber and plastic products, and in 
electronics to move into electronic materials and 

antenna systems. By the 196Os, the company 
moved into progressively more complex systems 
technologies such as integrated electronics sys- 
tems and disc brakes. In the 1970s and 198Os, 
Sumitomo used its built up technological compe- 
tencies to move into high-technology electronic 
systems (e.g. workstations) and automotive elec- 
trical systems. At each stage in its development, 
Sumitomo leveraged internal technological capa- 
bilities developed through R&D to underpin di- 
versification and growth by entering new fields. 

Our field research clearly suggests that 
Japanese firms are able to use both new and 
existing R&D resources strategically to develop 
new commercial technologies and enter new busi- 
ness areas. They are particularly adept at using 
their existing technological capabilities and com- 
petencies to enter new technology-intensive, 
high-growth fields and to create new spin-off 
firms as part of their corporate galaxy of affili- 
ated companies. In doing so, they have developed 
a powerful institutional capability to engage in 
the process of technological transformation which 
Schumpeter [63] referred to as ‘creative destruc- 
tion.’ 
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Summary and discussion 

The empirical findings of the research support 
some aspects of the literature and the conven- 
tional wisdom on Japanese R&D, contradict oth- 
ers, and provide some new insights on the organi- 
zation and geography of R&D and innovation. 

First, the findings contradict a major theme 
which runs through both the academic literature 
and the conventional wisdom on Japanese R&D 
and industrial organization, the role and impor- 
tance of multi-functional teams. Our survey re- 
sults indicate that such multi-functional teams 
are significantly less important in connecting R&L 
D to manufacturing and other corporate func- 
tions than the extant literature suggests. The 
movement of people from R&D to manufactur- 
ing and other corporate functions is the single 
most important mechanism for organizational 
linkage. The survey findings further indicate that 
conventional meetings are more important than 
multi-functional teams in achieving organiza- 
tional integration among R&D, product develop- 
ment and manufacturing. Similarly, our findings 
offer little support for a simple ‘financial incen- 
tives’ model of Japanese R&D and manufactur- 
ing. The survey results indicate that the use of 
financial incentives, such as having manufacturing 
pay for R&D directly, are perceived to be among 
the least effective mechanisms for achieving orga- 
nizational linkage and integration. 

Second, our findings lend support to the infor- 
mational perspective on the Japanese firm associ- 
ated with Aoki [3,41, Nonaka [551 and Imai [36,371. 
The importance of meetings and other types of 
communication reinforce the conceptualization of 
the Japanese firm as a vehicle for effective knowl- 
edge creation, information transfer, and commu- 
nication. While our empirical results are far from 
conclusive on this point, they are encouraging. 

Third, our findings suggest that R&D and 
other corporate activities must be ‘unbundled’ to 
fully understand their organizational and geo- 
graphic dimensions. Different types of R & D are 
organized and located according to different cri- 
teria. Proximity to manufacturing matters signifi- 
cantly for product engineering and development, 
less so for applied research, and very little for 
basic R&D. Interestingly, the location of basic 
R&D by Japanese electronic and biotechnolo~ 
corporations is similar to that of large, technol- 

ogy-intensive US and European corporations, 
where the main location factors are a good living 
environment, good transpo~ation and availabihty 
of engineers. The great majority of basic R&D in 
Japan is located in the largest cities such as 
Tokyo and the Osaka-Kyoto area where signifi- 
cant agglomeration economies are present. The 
findings further suggest that Japanese industry is 
distinguished by tight organizational and geo- 
graphic linkages between applied research and 
production engineering and manufacturing. This 
is a major difference from the US and much of 
Europe where these activities are frequently split 
apart. 

Fourth, our field research and interviews with 
Japanese R&D managers suggest that R&D is 
increasingly important to corporate strategy in 
areas such as electronics where Japanese firms 
are among important global competitors. The 
findings here indicate that R&D is used strategi- 
cally by Japanese firms to mobilize existing 
strengths and leverage established core compe- 
tencies in order to move into high-growth fields. 

In broader conceptual terms, our findings sup- 
port the hypothesis that different types of knowl- 
edge embedded in different corporate functions 
will require different organizational and geo- 
graphic mechanisms to transfer effectively. As far 
as Japanese R&D activity is concerned, different 
types of knowledge and information are charac- 
terized by different levels of physical proximity 
and organizational linkage. In this case, the tight- 
est linkage is between manufacturing and produc- 
tion engineering. This is the dimension of innova- 
tive and production activity which requires the 
greatest interaction as it evolves. It is also the 
type of knowledge which is of the most immedi- 
ate relevance and requires a high degree of incre- 
mental improvement to put into practice. Basic 
R&D tends to be more scientifically based and 
formal, and thus in its initial stages may require 
less direct contact with the kind of knowledge 
associated with manufacturing. 

Finally, our research suggests that organiza- 
tional and geographic dimensions of Japanese 
R&D tend to reinforce one another. Those func- 
tions that are closely linked by organizational 
factors are also tightly integrated geographically. 
This in turn suggests that organization and geog- 
raphy may well be mutually reinforming dimen- 
sions of te~hnoiogical and industrial activity. 
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