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Abstract

Knowledge transfer from universities and other 
public research institutions (PRIs) is often essential 
for innovation in firms. This knowledge transfer 
can take many forms, one of which is involuntary 
flows of knowledge called knowledge spillovers. 
The presence and accessibility of such spillovers 
means that firms have a supplementary source of 
knowledge, other than their own research efforts. 
While a number of studies examining the impact of 
such spillovers have been undertaken in the West, 
there are few comparable studies using empirical 
data from Japan that explore the relationship 
between spillovers from PRIs and innovation in 
fi rms. This paper addresses this gap by using data 
from Japanese PRIs and new technology-based 
firms (NTBFs). Several topics are examined: 
the evidence that knowledge spillovers from 
PRIs are localised in Japan; the extent to which 
such spillovers are contingent on geographical 
proximity; whether the type of tool used to measure 
spillovers – patents or scientific publications – 
has a bearing on the results; and the relationship 
between spillovers and innovation in Japanese 
NTBFs.
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1. Introduction

It is commonly acknowledged that universities 
and other public research institutions (hereinafter, 
PRIs) are sources of knowledge in their regional 
and national economies. They infl uence economic 
development through several activities, such as 
educational partnerships, industry-sponsored 
research, job placement, technical assistance to 
industry and the creation of start-up fi rms. This is 
effectively an issue of knowledge transfer from 
PRIs to industry, which may be either direct or 
indirect in nature.1

One type of indirect transfer of knowledge 
is known as ‘knowledge spillovers’.2 These 
externalities embody the idea that economic 
benefits from R&D are shared by organizations 
other than the R&D performer. For example, a 
citation on a patent by firm X to university Y’s 
patent suggests that X’s technology builds on 
knowledge from Y. Such involuntary flows of 
knowledge indicate that the productivity achieved 
by a fi rm or an industry depends not only upon its 
own research efforts but also on the level of the 
pool of general knowledge accessible to it.

There are several channels through which 
knowledge might spread in this manner; and the 
extent to which knowledge is diffused depends on 

 1 For example, one direct means of knowledge transfer is 
the fl ow of researchers to industry.

 2  Accurately speaking, knowledge spillovers are one 
type of R&D spillover. Another type of R&D spillover 
is network spillovers. One can also make a distinction 
between embodied and disembodied spillovers. The 
latter, disembodied or pure knowledge spillovers, are the 
type we consider in this paper.
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several factors, including the absorptive capacity of 
the recipient fi rm, the nature of the knowledge, and 
the distance it has to traverse (Lynskey, 1999).

Much of the scholarship on knowledge spillovers 
has been at the level of aggregate industries or 
at interfirm transactions within industries. Other 
approaches have examined single industries. 
Relatively few studies have been conducted in 
Japan, and those that have done so generally 
investigate the relationship between spillovers 
and productivity improvements in manufacturing 
firms. They demonstrate that the effects of R&D 
expenditure on productivity improvements are 
significantly positive; and that the presence of 
foreign-owned firms has a positive effect on 
the productivity of Japanese firms as a result of 
spillovers.

The remainder of this paper is organized as 
follows. In the next section, we review some of 
the salient points in the literature on knowledge 
spillovers from PRIs. Thereafter, we introduce the 
econometric model and methodological framework, 
and describe the data used in the study. The results 
of our empirical analysis are then presented, and 
interpretations are discussed. We conclude the 
paper by commenting on the policy implications of 
knowledge spillovers from our fi ndings, and refer 
to some limitations of the study.

2. Knowledge Spillovers from PRIs

Several seminal studies have demonstrated 
the effects of academic research on industry and 
innovation.3 Jaffe (1989) argued that knowledge 
spillovers from universities to fi rms exist because 
universities have few incentives to keep research 
a secret; and Nelson (1986) found that such 
spillovers are an important source of innovation in 
high-technology industries. More recently, Cohen 
et al (2002) examined how we need to distinguish 
between spillover effects relating to new ideas 
and those for the completion of innovation, with 
PRIs more important in the latter case. Although 
universities now attempt to appropriate the results 
 3 Owing to limitations of space, this paper provides 

merely a cursory review of the extant literature.

of their research and retain ownership of their 
intellectual property (Lynskey, 2008), there is 
evidence that knowledge spillovers from PRIs 
are particularly important to firms in strategic 
industries, such as biotechnology, computing and 
new materials (Lynskey, 2001a, 2003).

Studies also indicate that knowledge spillovers 
from PRIs are geographically bounded (Acs et 
al, 1992, 2002). Several explanations account 
for this localisation, the most probable being the 
presence of tacit knowledge. The marginal costs of 
transmitting such knowledge increase with distance 
(Audretsch, 1998), which favours proximity to the 
spillover pool. Another explanation is that firms 
select the most accessible source of knowledge, 
and seek other sources of knowledge only when the 
fi rst selection is nonviable.

A number of studies have investigated who 
best utilises knowledge spillovers to achieve 
innovation. These suggest that small technology-
based firms have a comparative advantage over 
large firms in exploiting spillovers from PRIs 
(Acs et al, 1994). Such firms have more to learn 
from external sources of knowledge and greater 
potential for growth than their larger counterparts 
(Lynskey, 2004a). The literature also suggests that 
technology-based small firms exploit knowledge 
spillovers from PRIs by means of informal 
channels, and that they require less absorptive 
capacity.

Most of the empirical studies on knowledge 
spillovers from PRIs to private firms are spatial-
economic approaches using data from the USA or 
Europe, and all emphasise the infl uence of spatial 
clustering.

Since an important aspect of knowledge 
development is the institutional framework in 
which innovation occurs, and because Japan’s 
national innovation system is different from that 
of the USA and Europe (Lynskey, 2006a), the 
question arises whether similar results, suggesting 
that the proximity of firms to PRIs is positively 
correlated with innovation in fi rms, also hold true 
for Japan. This question is significant because 
industrial policy in Japan is based partly on the 
assumption that proximity is imperative for the 
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promotion of innovation.4 However, few studies 
discuss the issue of knowledge spillovers in Japan, 
using indigenous firm-level data. Those studies 
that have been conducted are confi ned to interfi rm 
or inter-industry spillovers, and do not treat 
knowledge spillovers from PRIs.

Agains t  th i s  background ,  an  empi r ica l 
examination was conducted of the relationship 
between knowledge spillovers from PRIs and 
innovation in Japanese new technology-based 
firms (NTBFs). It was assumed a priori that 
spillovers occur in Japan because of the nature of 
public research and the literature confi rming their 
presence elsewhere. Nevertheless, the study wished 
to corroborate this, and was motivated by the 
following questions:
1. Are knowledge spillovers from PRIs localised 

in Japan?
2. If so, what is the extent to which geographical 

location restricts such knowledge spillovers?
3. Does the tool used to measure the effects 

of spillovers have a bearing on our results? 
Is there, for example, any difference if use 
patents or scientific publications to measure 
knowledge spillovers?

4. What can we discern about the degree of 
such knowledge spillovers and the innovative 
activities of new technology-based fi rms?

3. Empirical Analysis

3.1 Model Development
In order to examine the effect of knowledge 
spillovers, one needs:
(a) An observable measure of performance, which 

is likely to be affected by (and thus register 
the size of) such spillovers; and

(b) A means to determine which producers or 
users are ‘close’ to one another.

 4 A chapter of Japan’s Third Science and Technology 
Basic Plan, covering the period 2006~2011, concerned 
reform of the nation’s science and technology system. 
One aspect of this was the creation of research hubs to 
revitalize regional communities through the use of local 
university resources in order to stimulate innovation.

To address point (a), we adopted the knowledge 
production function approach introduced by 
Griliches (1979) and subsequently modified by 
Jaffe (1989).5 Following the methodology used 
in Acs et al (1994) and Autant-Bernard (2001), 
we considered the following simple knowledge 
production function:

 (1)

The dependent variable Ij denotes the results of 
innovation in firm j. We defined this as the total 
number of patent applications made by fi rm j in the 
year examined, Yn. Since new firms generally do 
not have patents issued, because of the time lag for 
a technology to be patented, the number of patent 
applications made by fi rms was a more appropriate 
measure.6 For a NTBF, this is likely to take the 
value zero or one (or two) in any given year, since 
research is driven mainly by a few productive 
scientists.

The independent variable RDj denotes the R&D 
expenditure of fi rm j in the previous year, Yn-1.

7 A 
fi rm’s RD is a proxy for its technological capability 
(e.g., Lach, 2000), and it is reasonable to assume 
that private effort in R&D is proportional to R&D 
expenditure (Autant-Bernard, 2001). Technological 
capabil i ty provides the basis for in-house 
innovation and competitive advantage (Cohen 
and Levinthal, 1990; Lynskey, 1999). Firms with 
superior technological capability can secure greater 
effi ciency gains by pioneering process innovations 
and can achieve higher differentiation by product 
innovations. We anticipated that firms with 

 5 These are of the general deductive model of the 
production function, such as the Cobb-Douglas form.

 6 Hall et al (2001) argue that the patent application date 
should be used to date inventive activity as the lag 
between patent application and patent grant dates refl ects 
administrative policies at the US Patent Offi ce.

 7 We recognise the need to take into account time lags 
between patents and R&D before defi ning the variable 
RD as R&D investment in the previous year. The 
independent variable RD takes the value of flow of 
R&D. Some studies use ‘knowledge capital’ instead 
of flow of R&D. We were unable to construct such 
knowledge capital, however, due to insuffi cient data.
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greater technological capability would make more 
patent applications; and, hence, predicted that the 
coeffi cients of this variable would be positive.

The independent variable PUBi (i = 1, 2) denotes 
the knowledge created by PRIs. This is divided into 
two sub-categories: PUB1 represents knowledge 
from PRIs located within the same geographical 
area as firm j; and PUB2 designates knowledge 
created by PRIs located in the neighbouring 
geographical areas. If there are geographical 
limitations on knowledge spillovers from PRIs, the 
exponent of PUB1 should be greater than that of 
PUB2 in equation (1).

Since ‘knowledge’ is abstract, we selected a 
proxy and measured PUB in three ways:
i. the total amount of R&D expenditure in the 

PRIs;
ii. the total number of scientifi c papers published 

by the PRIs; and
iii. the total number of patents owned by the 

PRIs.

To address point (b), about which producers 

or users of knowledge are ‘close’ to one another, 
we conceived a total of forty-seven geographical 
units.8 Each of these corresponded to a Japanese 
‘prefecture’ and its ‘neighbouring prefectures’ 
(i.e., contiguous prefectures).9 We then calculated 
each of the three types of public knowledge (R&D, 
papers and patents) for each geographical unit. 
Finally, Hokkaido and Okinawa were eliminated 
from the samples because they have no land border 
with their nearest prefectures. See fi gures 1 and 2.

 8 According to Griliches (1992), the main problem with 
calculating knowledge spillovers is an accurate defi nition 
of the technological proximity or closeness between 
fi rms, as an inverse relationship between spillovers and 
technological distance may be expected.

 9 Prefectures were used because they are easy to identify, 
and the data are accessible and more reliable than at 
more local levels. Jaffe (1989) employed a similar 
formulation where the geographic unit was at the state 
level in the USA; and Autant-Bernard (2001) used the 
departement in France. Some previous studies have 
measured spatial lag in metric distances. In the case of 
the Japanese prefectures, typical distances inside these 
units exceed 100km.

500km 

Hokkaido 

Okinawa 

Tokyo 

    Figure 1   Japan’s prefectures

The prefectures of Hokkaido and Okinawa were excluded from our analysis since 

they do not have a land border with their neighbouring prefectures.
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3.2 Methodology
As mentioned above, the dependent variable is 
the number of patent applications made by a fi rm. 
Branstetter (1996) contends that the distribution 
of such count data is highly skewed and that the 
linear model is not designed to handle such data. 
Previous studies have employed TOBIT, Negative 
Binomial Regressions or Poisson Regressions 
to estimate equations that include these kinds of 
variables as dependent variables (Greene, 1997).10 
Here, we estimated equation (1) using the TOBIT 
and the Poisson Regression models, as shown 
in equations (2) and (3), respectively.11 When 
estimating equation (2) by TOBIT, we transformed 
the dependent variable from  into .

  

  (TOBIT) (2)

  (POISSON) (3)

10 Negative binomial regressions did not provide 
meaningful results, and so we report only the results of 
the TOBIT and Poisson Regression models.

11 The multiplication equation is transformed into a linear 
function by expressing variables in terms of their 
logarithms.

The variables Xj and Zj in equations (2) and (3) 
represent several firm-level and managerial-level 
characteristics of NTBFs, as explained below.

3.2.1 Firm-level characteristics
The innovative activities of NTBFs might be 
infl uenced by factors other than R&D expenditure 
(Lynskey, 2004b). Thus, we introduced variable 
Xj in equations (2) and (3) to capture fi rm-specifi c 
characteristics other than R&D expenditure. These 
include the following:
Firm size (SIZE): defi ned as the natural logarithm 
of total employees, the size effects on innovative 
activities are eliminated through this variable.
Sales growth (SG): defi ned by (sales in Yn – sales 
in Yn-1) / (sales in Yn-1). This variable controls for 
the effects of demand on innovative activities.
Firm age (F_AGE): research suggests that a fi rm’s 
growth and the probability that it will fail decrease 
with age. Since the macroeconomic conditions 
when a firm is established affect its rent-seeking 
activities and subsequent development, and these 
might bias the regression results, we controlled for 
these macroeconomic effects by F_AGE.

3.2.2 Managerial-level characteristics
In addition to these firm-specific variables, we 
also considered managerial characteristics, and 

100km 

Saitama

Yamanashi ChibaTokyo

Kanagawa

Figure 2   The Kanto Area: Tokyo and its adjacent prefectures
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introduced the variable Zj in equations (2) and (3) 
to capture such characteristics. It is plausible that 
some human capital characteristics of the chief 
executive offi cer (CEO) of a NTBF infl uence fi rm 
performance (Lynskey, 2001b), and we considered 
two as having a bearing on innovative potential 
(see Lynskey, 2004c):
Higher Education (EDU)
A CEO’s tertiary-level education conceivably 
has a direct effect and an indirect effect on the 
innovative activities of NTBFs. Here, EDU is a 
dummy variable that took the value 1 when a CEO 
had graduated from a postgraduate programme, 
and was otherwise zero. We expected this variable 
to be positively related to the results of innovative 
activities.
Prior R&D experience (EXP_RD)
We assumed that a CEO’s prior experience was 
necessary to conduct R&D efficiently in NTBFs 
and to determine the appropriate level of R&D 
investment. Here, EXP_RD is a binary dummy 
variable that was set to 1 when a CEO has such 
prior experience, but was otherwise zero.

Finally, all the sample fi rms were in technology-
based industries, ranging from the chemical 
industry to manufacturers of precision instruments. 
Since unobservable differences are likely to 
exist among these industries, we introduced six 
industrial dummies to eliminate these differences.

3.3 Data
We employed two sets of data in this study: one 
on NTBFs, and one on Japanese PRIs. The data 
on NTBFs were obtained from a survey sent to 
fi rms in the following sectors: (1) chemical (482), 
(2) metalworking machinery (606), (3) special 
industrial machinery (329), (4) electrical machinery 
(2,332), (5) motor vehicles and associated parts 
(492), and (6) precision instruments (394). An 
identical, follow-up survey was sent to firms in 
the information and communications technology 
(ICT) and biotechnology sectors (323), from 
which 111 firms in the ICT sector and 49 firms 
in the biotechnology sector responded. Thus, our 
sample (replies were received from 1,384 firms, 

representing a response rate of 27.9 percent) were 
fi rms classifi ed into one of eight sectors, and which 
were aged 10 years or less at the time of the survey. 
Regarding the age distribution of the firms, 36.2 
percent were formed in the initial three years of the 
10-year period, but this ratio declined later; only 6.9 
percent were formed in the final three years. The 
survey asked the CEOs of these NTBFs questions 
on various topics, including their educational 
background, managerial experience, reason for 
establishing the firms, the firm’s financial status, 
innovative activities and technology partnerships. 
Considering the availability of a complete data set 
for all variables in which we were interested, we 
reduced the number of sample fi rms for this study 
to 168.

The data on PRIs were obtained from a survey 
that questioned 1,473 PRIs on their role and 
innovative activities, including R&D expenditure, 
the number of patents granted, the number of 
researchers, and the number of published scientifi c 
papers. Our study was based on data from 932 
respondents to the PRI survey (representing 63.27 
percent).

Table 1 shows the defi nition of the variables, and 
table 2 reports the summary statistics.



―  19  ―

Public Knowledge and Corporate Innovation:Evidence of Spillovers to Technology-Based Firms in Japan（Michael J. Lynskey）

Table 1   Summary Descriptions of the Variables

Variable Defi nition
PT The number of patents applications in year Yn

PTL The natural logarithm of PT (defi ned above)
RD The natural logarithm of fi rm R&D expenditures in year Yn-1

PUB1 Public knowledge created by PRIs located in the same prefecture as the recipient 
fi rms of such knowledge 

PUB2 Public knowledge created by PRIs located outside the prefecture where recipient 
fi rms of such knowledge are located

Fi
rm

-le
ve

l SG The annual growth rate of sales during the year Y, calculated by: (Sales in Yn – Sales 
in Yn-1) / (Sales in Yn-1)

SIZE The natural logarithm of total employees in year Yn

F_AGE The number of years a fi rm has been in business

C
EO

-le
ve

l EXP_RD Experience in R&D function. A dummy variable set to 1 if a CEO has prior 
experience in an R&D role

EDU Educational background. A dummy variable set to 1 if a CEO holds a postgraduate 
degree

Table 2   Summary Statistics

Variable OBS Mean Std. Dev. Min Max

PT 168 3.619 19.06 0 242
PTL 168 3.038 0.908 2.303 7.796
RD 168 2.308 1.783 0 8.78
PRD1 (measured by Public R&D 
expenditure)

168 11.24 1.27 9.075 13.12

PRD2 (measured by Public R&D 
expenditure)

168 11.75 0.7 10.13 13.31

PRD1 (measured by Public Papers) 136 11.3 1.311 9.22 13.12
PRD2 (measured by Public Papers) 136 11.87 0.681 10.6 13.31
PRD1 (measured by Public Patents) 154 11.31 1.249 9.22 13.12
PRD2 (measured by Public Patents) 154 11.83 0.657 10.6 13.31
SG 168 0.205 1.225 -0.74 14
SIZE 168 2.763 1.087 0.693 7.011
F_AGE 168 5.756 2.572 1 9
EXP_RD 168 0.571 0.496 0 1
EDU 168 0.06 0.237 0 1
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4. Estimated Results

4.1 Basic Results
Our results for the effects of public knowledge 

on innovation in Japanese NTBFs are shown in 

table 3. Columns (1) and (2) show our estimates 
for public knowledge as measured by R&D 
expenditure in PRIs.

 Table 3   Estimated Results (1)

R&D Papers Patents
(1) (2) (3) (4) (5) (6)

TOBIT Poisson TOBIT Poisson TOBIT Poisson
RD    .3320***    .3744***    .3497***    .3900***    .3367***    .3825***

(.0588) (.0551) (.0634) (.0571) (.0627) (.0566)
PUB1    .2573***    .2604***    .2287***    .2645***   .1282**    .1827***

(.0823) (.0870) (.0950) (.0977) (.0618) (.0637)
PUB2   .2675** .1198 .2433 .2414 .1265 .0471

(.1478) (.1577) (.1738) (.1730) (.0838) (.0675)
SG .0070 .0383 -.0513 -.0000 -.0148 .0050

(.0920) (.0848) (.0988) (.0992) (.0964) (.1002)
SIZE    .2644***    .5243***    .2899***    .5221***    .2893***    .5252***

(.0946) (.0701) (.1031) (.0712) (.1007) (.0709)
F_AGE -.0292 .0544 -.0676 .0285 -.0523 .0331

(.0403) (.0522) (.0445) (.0503) (.0424) (.0510)
CONST -3.262   -5.858*** -.7644   -5.248*** 1.798   -2.305***

(2.243) (2.380) (1.942) (1.803) (1.272) (.5959)
Industry D YES YES YES YES YES YES
Pseudo R2 0.148 0.727 0.158 0.751 0.146 0.737
No. of Obs. 168 168 136 136 154 154

Note:

The dependent variable is the number of patents applications in the Poisson regression, and the natural 

logarithm of the number of patent applications in the TOBIT regressions, respectively. The standard error 

is shown in parentheses. *, ** and *** indicate statistical signifi cance at the 10 %, 5% and 1% level, 

respectively (two tailed t-test). 
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The coefficients of PUB1 were significantly 
positive in both columns (1) and (2), indicating that 
PRIs provide positive externalities to innovation 
in NTBFs. Furthermore, our results showed that 
the coefficient of PUB2 was insignificant in 
column (2), suggesting that knowledge spillovers 
from PRIs to NTBFs that occur strictly within the 
borders of a prefecture have greater impact on 
innovation in a firm than knowledge spillovers 
from adjacent prefectures. In other words, 
knowledge spillovers are geographically localised. 
These findings concur with several empirical 
studies using patents and bibliometric data (e.g., 
Jaffe, 1989; Jaffe et al, 1993; Katz, 1994), which 
aver that knowledge spillovers are geographically 
bounded and dissipate quickly with distance. 
This result may not be robust, however. The 
public knowledge generated by PRIs in adjacent 
prefectures turned out to have a positive impact on 
fi rm innovation that was signifi cant at the 5% level, 
according to the TOBIT estimation. The measured 
contribution of R&D expenditures by PRIs did 
not allow us to state unequivocally that proximity 
matters for knowledge spillovers from PRIs in the 
innovative output of NTBFs. Knowledge spillovers 
– embodying some type of knowledge – appeared 
to occur from other prefectures, or they may have 
attenuated slowly with distance.

Since a large proportion of public R&D 
expenditure covers the expenses of researchers, 
t he  knowledge  cap tu red  by  pub l i c  R&D 
expenditure reflects their expertise. This includes 
tacit knowledge, which is ‘sticky’ and difficult 
to transfer and utilise without express guidance. 
Contrary to the idea of knowledge as a public good, 
tacit knowledge does not spill over inexpensively 
(Nelson, 1992), and such knowledge spillovers 
are geographically bounded. Thus, firms in close 
geographic proximity to PRI researchers have 
an advantage in utilising such public knowledge. 
On the other hand, there is a degree of labour 
mobility as scientists move between PRIs in 
different prefectures and even join fi rms (Lynskey, 
2006b), and this may account for the spillovers, as 
measured by public R&D, across prefectures. In 
addition, of course, such researchers present their 

fi ndings locally and nationally, and spillovers occur 
by such mechanisms.

An important question was whether a change 
in the tool used – scientifi c papers or patents – to 
measure public knowledge would concur with the 
above fi ndings, and, indeed, if papers and patents 
would produce different results.

Unlike tacit knowledge bound up in individual 
PRI scientists, the knowledge expressed in 
scientific papers and patents is overt. Firms 
attempting to utilise such knowledge do not 
usually seek interaction with the researchers who 
developed it. Consequently, geographic proximity 
would not be expected to lend an advantage to 
fi rms located close to the sources of such explicit 
knowledge. Instead, the more tacit the knowledge, 
the more that knowledge spillovers would tend to 
be geographically localised.

If geographical limitations on spillovers of 
explicit knowledge are considerably less signifi cant 
than limitations on spillovers of tacit knowledge, 
the coeffi cient of PUB2 should be larger than that 
of PUB1 in equations (2) and (3). Columns (3) 
and (4) of table 3 report the estimated results for 
published papers. Both columns show that the 
coefficient of PUB1 is significantly positive, but 
that of PUB2 is not. Similar findings occurred 
when we measured public knowledge according to 
patent applications by PRIs, as shown in columns 
(5) and (6). These results suggest that knowledge 
spillovers from PRIs are geographically restricted, 
irrespective of the kind of proxies (scientifi c papers 
or patent applications) we employ for public 
knowledge.

4.2 Firm-level Characteristics
The variable RD, which represents R&D 

expenditure and is a proxy for the technological 
capability of a fi rm, is signifi cantly positive in all 
columns of table 3. This suggests that technological 
capability is an important determinant of innovation 
in NTBFs. According to Cohen and Levinthal 
(1989), technological capability plays two roles in 
innovation: it facilitates the absorption of external 
knowledge, and it enables the creation of new 
knowledge and technology. Cohen and Levinthal 
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(1990) suggest also that R&D expenditure creates 
a capacity - ‘absorptive capacity’ - to assimilate 
and exploit new knowledge. This is particularly 
important for NTBFs, because they often lack 
sufficient internal resources to develop such 
knowledge alone.

The coefficients of the variable SG, which is a 
proxy for demand, do not show signifi cant signs in 
any columns of table 3. Cohen (1996) maintained 
that demand is an important determinant of 
innovation, as exemplified, for example, in the 
‘demand-pull’ aspect of the linear model of 
innovation, and patenting is a way to increase 
sales. We were unable to find this relationship 
between demand and patents. That is, the demand-
side conditions did not appear to influence the 
number of patent applications made by a firm. 
This may have been the result of the time lag 
between patenting and sales. Instead, ‘technology-
push’ aspects, such as R&D expenditure and 
knowledge spillovers appeared to determine 
patent applications. This was not surprising if 
one considers, for example, the case of new 
biotechnology fi rms, which have R&D timescales 
of many years, and whose patent portfolio is the 
result of access to knowledge from universities and 
other PRIs.

The coefficients of SIZE were significantly 
positive in all columns of table 3, implying that 
R&D expenditure, published papers and patent 
applications are proportional to the size of the 
fi rm. As one would expect, a NTBF has to reach a 
critical size before it has suffi cient R&D resources 
to produce papers and technology that merits patent 
protection. Firms bear various costs in preparing 
and filing patent applications, the average cost of 
which will decrease as the number of applications 
increases .  Under  such circumstances,  the 
propensity to fi le more patent applications clearly 
resides with NTBFs that have surpassed a certain 
size. Owing to the cost of initial patent application, 
NTBFs below this size may hesitate to apply for 
patent rights to protect their ownership interests, 
and choose instead alternative means to secure 
their returns from innovation.

4.3 Managerial Characteristics
Table 4 shows our estimated results for the 

CEO’s prior experience in an R&D role. The 
coeffi cients of EXP_RD were signifi cantly positive 
in columns (2), (3), and (6) of table 4. These 
suggested that a NTBF where the CEO has worked 
in R&D achieves a high degree of innovative 
activities. In addition, the signifi cance of variable 
PUB1 did not alter, even after variable EXP_RD 
in the equations was introduced. This suggested 
that the knowledge captured by EXP_RD might 
complement that from PRIs, so that tacit knowledge 
from prior R&D experience enables one to absorb 
and use effectively the knowledge from PRIs.
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 Table 4   Estimated Results (2): R&D Experience

R&D Papers Patents
(1) (2) (3) (4) (5) (6)

TOBIT Poisson TOBIT Poisson TOBIT Poisson
RD .3321*** .3897*** .3455*** .4086*** .3343*** .3945***

(.0584) (.0583) (.0629) (.0603) (.0623) (.0603)
PUB1 .2438*** .2364*** .2130** .2420*** .1165** .1699***

(.0824) (.0842) (.0941) (.0945) (.0617) (.0624)
PUB2 .2390 .0954 .2299 .3086* .1186 .0625

(.1488) (.1571) (.1729) (.1745) (.0834) (.0656)
SG -.0048 .0004 -.0722 -.0408 -.0295 -.0278

(.0924) (.0969) (.1003) (.1222) (.0969) (.1182)
SIZE .2652*** .4627*** .2869*** .4558*** .2921*** .4721***

(.0939) (.0742) (.1018) (.0764) (.0997) (.0765)
F_AGE -.0305 .0666 -.0701 .0337 -.0531 .0428

(.0401) (.0540) (.0441) (.0523) (.0422) (.0531)
EXP_RD .2409 .5503** .0479* .6146 .3204 .5069**

(.2088) (.2372) (.2327) (.2677) (.2213) (.2431)
CONST -2.800 -5.278 -.4984 -5.448*** 1.876 -2.248

(2.260) (2.339) (1.927) (1.827) (1.263) (.6177)
Industry D YES YES YES YES YES YES
Pseudo R2 .0151 0.734 0.166 0.758 .0151 0.743
No. of Obs. 168 168 136 136 154 154

Note:

The dependent variable is the number of patent applications in the Poisson regression, and the natural 

logarithm of the number of patent applications in the TOBIT regressions, respectively. The standard error 

is shown in parentheses. *, ** and *** indicate statistical signifi cance at the 10 %, 5% and 1% level, 

respectively (two tailed t-test).
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Table 5 shows our estimated results for the 
educat ional  background of  the  CEO. The 
coefficients of EDU were significantly positive 
in columns (1), (2), (4), and (6) of table 5. The 
significance of PUB1 decreased in columns 
(4) and (6), when EDU in the equations was 
introduced. This suggested that the knowledge 
captured by EDU might be a substitute for that 
transferred from PRIs. We assumed that this public 

knowledge will primarily benefit those CEOs 
without a postgraduate education. Such CEOs 
could acquire the knowledge necessary to run and 
grow their NTBF through knowledge spillovers 
from PRIs. However, a more thorough examination 
of those firms whose CEO has a postgraduate 
degree (especially their location) may reveal 
why introducing EDU leads to a non-significant 
coeffi cient of PUB.

 Table 5   Estimated Results (3): Educational Background

R&D Papers Patents
(1) (2) (3) (4) (5) (6)

TOBIT Poisson TOBIT Poisson TOBIT Poisson
RD .3111*** .3427*** .3487*** .3610*** .3351*** .3529***

(.0578) (.0448) (.0627) (.0448) (.0619) (.0454)
PUB1 .2668*** .1556** .2343*** .1241 .1382** .0892

(.0814) (.0849) (.0940) (.0936) (.0613) (.0596)
PUB2 .2808 .1992 .2372 .1817 .127 .0344

(.1456) (.1418) (.1713) (.1682) (.0825) (.0694)
SG .0089 .0154 -.0510 -.0405 -.0131 -.0260

(.0909) (.0793) (.0982) (.0934) (.0956) (.0868)
SIZE .2551*** .4052 .2828*** .4149*** .2809*** .4115***

(.0933) (.0746) (.1020) (.0751) (.0995) (.0761)
F_AGE -.0302 -.0148 -.0690 -.0341 -.0530 -.0339

(.0395) (.0438) (.0439) (.0487) (.0417) (.0451)
EDU .7018* 1.255*** .5472 1.156*** .6463 1.214***

(.3936) (.2742) (.3980) (.2721) (.4040) (.2606)
CONST -3.465 -4.700** -.7257 -2.743 1.794 -.9607

(2.215) (2.090) (1.917) (1.561) (1.254) (.4717)
Industry D YES YES YES YES YES YES
Pseudo R2 0.155 0.754 0.163 0.776 0.152 0.764
No. of Obs. 168 168 136 136 154 154

Note:

The dependent variable is the number of patent applications in the Poisson regression, and the natural 

logarithm of the number of patent applications in the TOBIT regressions, respectively. The standard error 

is shown in parentheses. *, ** and *** indicate statistical signifi cance at the 10 %, 5% and 1% level, 

respectively (two tailed t-test).
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It was possible to infer from these results that 
managerial characteristics do potentially have 
a positive effect on the innovative activities of 
NTBFs. We have found evidence, moreover, that 
the characteristics of recipients may also affect the 
extent of knowledge spillovers.

5. Interpretation and Discussion

Our empirical analysis led to the following 
findings. First, we found evidence using Poisson 
regression on R&D expenditures that knowledge 
spillovers from PRIs to NTBFs do occur in Japan, 
and that there is a significant localisation effect 
in firm’s innovation activities and in spillovers 
associated with them. This is in agreement with 
the results of researchers for other countries (e.g., 
Jaffe, 1989; Autant-Bernard, 2001). However, 
we also found evidence that spillovers from PRIs 
in neighbouring prefectures are significant at 
a 5% threshold in the TOBIT estimation. This 
indicates that knowledge spillovers from Japanese 
PRIs are not geographically localised or do not 
dissipate quickly, which is at variance with results 
from studies elsewhere. Whether this indicates, 
for example, that some aspect of the knowledge 
(e.g., explicit knowledge) used by the NTBFs is 
not contingent on geographic proximity to PRIs, 
or that the relevance of knowledge externalities 
differs according to industry, requires further 
investigation. Indeed, with the exception of fi elds 
such as biotechnology, pharmaceuticals and 
nanotechnology, proximity to a research institution 
may be of minor significance. In today’s world, 
with information so widely accessible, scientific 
knowledge and expertise can be harvested from 
around the world with little effort.

The result of the Poisson regression is not 
surprising if one considers that researchers account 
for a large proportion of public R&D expenditure 
in Japan, and the knowledge captured by public 
R&D refl ects the accumulation of tacit and explicit 
knowledge in these researchers. The transfer of 
tacit knowledge to NTBFs is diffi cult because it is 
hard to articulate or can only be acquired through 
experience, and direct collaborative work is often 

the only way to transfer such knowledge. Thus, 
firms located in close geographic proximity to 
PRIs, and with access to PRI researchers, have 
a clear advantage when utilising such public 
knowledge. Conversely, the result of the TOBIT 
estimation might be explained by the mobility of 
researchers between public institutions, or even to 
fi rms, and their public engagements to disseminate 
research results.

Second, we demonstrated that the extent to 
which knowledge spillovers are contingent on 
geographic location does not depend on the type 
of tool or proxy (papers or patents) used as a 
substitute variable to measure public knowledge. 
Moreover, although one might suppose that these 
codified forms of knowledge are not susceptible 
to localisation effects, there is a tendency for 
them to be localised, concurring with the Poisson 
regressions for public R&D expenditure.

How can one interpret these results? The 
information provided in published papers and 
patents are a codified form of knowledge. In 
theory, then, everyone has equal ease of access 
to this type of public knowledge, and one might 
expect that geographical remoteness should not 
be a constraint on knowledge spillovers. The 
availability of knowledge-based tools makes it 
much cheaper, easier and faster to obtain codifi ed 
information. It must be remembered, however, 
that the mere ability to acquire public knowledge 
and the capacity to interpret it and utilise it in 
innovations are two different things. While the cost 
of transmitting information may be increasingly 
invariant to distance, the cost of transmitting 
tacit knowledge rises with distance. In practice, 
the knowledge provided in published papers and 
patents may be complex and difficult to decipher 
and apply. Simple access to such knowledge does 
not ensure that recipients will be able to reproduce 
the results. Indeed, replication is compounded in 
the case of many patents because they are written 
precisely to disguise key methodological steps.

The recipient of such knowledge may not be 
able to employ it fully without some collaboration 
or consultation with the PRI in which it was 
developed. For example, a patent document 
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generally provides the minimum novel information, 
and simply cites references to ‘prior art’ on which 
a technology is based. Under such circumstances, 
potential users of the patented information may 
be unable to utilise this knowledge without direct 
assistance from the patentee. Our finding, that 
knowledge spillovers, irrespective of the type 
of tools used to measure public knowledge, is 
geographically bounded, supports the idea that 
fi rms are unable to make full use of certain types 
of public knowledge without maintaining close 
contact with the PRIs from where they obtain such 
knowledge. Moreover, intuitively, it is reasonable 
to expect that spillovers from PRIs do not happen 
simultaneously with firm innovation. One can 
expect long-term lags in the relationship between 
the emergence of public-generated knowledge 
and innovation in firms, and that the effect on 
innovation would decrease steadily as knowledge 
becomes more dispersed and commonly known. 
These results correspond to those of Jaffe et al 
(1993) who compared the geographic localisation 
of patent citations with that of the cited patents, 
as evidence of the extent to which knowledge 
spillovers are geographically localised. They found 
that, although localisation fades slowly over time, a 
US patent tends to be cited more frequently within 
the state in which it was fi led than outside the state. 
Moreover, Feldman (1994) found that product 
innovations also exhibit a pronounced tendency 
to cluster geographically, and concluded that the 
geographic clustering of product innovations at the 
state level is related to the level of university R&D 
expenditure in the state, which is consistent with 
earlier fi ndings of Jaffe (1989).

T h i r d ,  w e  f o u n d  t h a t  t h e  m a n a g e r i a l 
characteristics we considered have an effect 
on firms’ innovative activities, and there is a 
relationship between public knowledge from 
PRIs and different types of knowledge embodied 
in a firm’s CEO. Knowledge acquired by a CEO 
through prior experience in R&D appears to serve 
as a complement for the knowledge from PRIs. On 
the other hand, the knowledge captured by formal 
postgraduate education appears to be a substitute 
for such public knowledge.

6. Conclusion

What are the policy implications of the 
results of our study? Firstly, the presence of 
knowledge spillovers justifies the current policy 
of strengthening the relationship between industry 
and PRIs, particularly universities. Various 
initiatives, such as the creation of technology 
licensing offices and start-up incubation units at 
universities, and government-supported regional 
knowledge clusters, have been introduced to 
promote knowledge transfer from PRIs in order to 
grow the number of NTBFs and strengthen Japan’s 
economy. Our fi ndings suggest that such measures 
are a legitimate support to innovation in NTBFs.

Secondly,  the existence of geographical 
boundaries to knowledge spillovers makes a case 
for further decentralisation of PRIs. Japan is a 
highly centralised society, with R&D-related 
activities focussed on the Kanto and Kansai 
regions. This concentration of research intensity – 
and public R&D expenditure - in a few prefectures 
may account for spillover effects across prefectures 
in one of the regressions. There may be merit in 
decentralisation, by establishing PRIs as anchors 
of innovation and economic activity in provincial 
regions. This might also be a sensible strategy in 
order mitigate the effects of a major disaster, such 
as that which occurred in 2011. Since PRIs play 
important roles in providing knowledge to local 
NTBFs, they should be open to local firms and 
industries and concentrate their knowledge transfer 
resources at the prefectural level. Firms may well 
utilize public knowledge more effectively if they 
can maintain close contact with researchers in their 
near-by PRIs.

Thirdly, since some NTBFs may hesitate to 
apply for patent rights to protect their intellectual 
property, due to the high cost of initial patent 
application, the patent law may need to be 
modifi ed so that different levels of application fees 
are charged in accordance with firm size. Such 
revision would remedy the current situation and 
accommodate the needs of NTBFs.

Fourthly, the findings on CEOs’ education and 
prior experience suggest that those with insuffi cient 
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R&D experience may be less able to benefi t from 
knowledge spillovers. This is not because they 
lack knowledge - indeed, they may have formal 
postgraduate education - but because they require 
the tacit knowledge and absorptive capacity to 
benefi t from such knowledge.

Finally, we refer to several limitations of the 
study, which might serve future research. Firstly, 
the main limitation is that the intensity and nature 
of links and knowledge flows varies according to 
industry sector (e.g., biotechnology versus ICT) 
and future research should take these differences 
into greater consideration.

Second, the use of patents as an indicator of 
innovation has its fl aws because not all innovations 
are patented and because patents differ widely 
in their economic impact. Instead of measuring 
innovative output using patents, another measure 
is to count numbers of innovations, as listed, for 
example, in science and technology news reports, 
official statements and trade periodicals in each 
industry. We used patent applications because 
the firms in question were NTBFs and it seemed 
likely they would have applied for patents on their 
innovations, irrespective of whether the innovations 
were referenced in publications. 

A third limitation is that it is not clear if 
Japanese prefectures are the most appropriate 
unit for seeking geographical coincidence effects. 
The Tokyo region, for example, has about one-
fi fth of Japan’s population and concentrates many 
of Japan’s firms and much of its public research 
activity. Further estimations should be performed 
to include a dummy variable for fi rms that belong 
to this region.

Finally, production function approaches, as 
used here, assume, to varying degrees, invariant 
production techniques among fi rms. This is clearly 
an over-simplification, which, although helpful 
for empirical purposes, is difficult to maintain in 
the face of research on fi rm behaviour. Production 
function representations of firms’ behaviour are 
therefore simply ‘mental models’ of the way in 
which the world works; it has not been proven that 
such production functions exist or take the form 
assumed by economists. Nevertheless, despite these 

limitations, it is hoped that this study represents a 
contribution to research exploring the phenomenon 
of spillovers from PRIs in Japan.
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