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1. Introduction

The creation and growth of new fi rms is recog-
nised as imperative, not least because they are a 
manifestation of entrepreneurship and a source of 
economic growth. New technology-based fi rms 
(NTBFs), in particular, play a signifi cant role in 
productivity growth and job creation in the na-
tional economy, and are associated with a sizable 
share of new technological innovations. Several 
studies, using either panel or cross-sectional data 
across a broad range of fi rm sizes, attest to the idea 

that smaller fi rms account for a disproportionately 
large share of innovations relative to their size, and 
that R&D productivity (i.e., innovations per unit of 
R&D) tends to decline with increasing fi rm size. 

NTBFs have distinct characteristics that distin-
guish them from larger, established fi rms and which 
shape the challenges that their management face. 
For example, the newness and small size of these 
fi rms, the uncertainty of their endeavour, as well 
as the dynamics of their environment are all chal-
lenges for managers in the pursuit of business op-
portunities. In order to develop an understanding of 
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the challenges associated with the evolution of such 
fi rms, researchers have developed models that de-
pict their development. Though these models give 
insights on various challenges, they typically fail to 
differentiate between those tasks that are operation-
al in nature and those that are of more strategic im-
portance. Moreover, they generally focus on ‘hard’, 
tangible factors and neglect the personal character-
istics of the entrepreneur, which play a particularly 
important role in NTBF success. 

In Japan, considerable emphasis has been placed 
on the creation of NTBFs in the anticipation that 
they will contribute to the growth of the economy 
(Imai and Kawagoe, 2000). This has been refl ected 
in the introduction of various governmental reforms 
(see Boltho and Corbett, 2000; Eshima, 2003) and 
legislation to generate institutional change condu-
cive to entrepreneurship and the growth of such 
fi rms (Lynskey, 2006).

Despite this expectation that NTBFs will become 
more important to Japan economically, surprisingly 
few empirical studies (e.g. Harada, 2004; Honjo, 
2004) have considered the innovative activities of 
such fi rms, or the effectiveness of policies to sup-
port such activities. 

The purpose of this paper is to help address 
this gap by considering the determinants of R&D 
investment in Japanese NTBFs. In order to do so, 
we apply an integrative perspective and examine 
several strategic and entrepreneurial characteris-
tics. Generally, studies have not undertaken such a 
comprehensive examination with respect to Japan; 
and even in the West, few studies have explicitly 
examined both factors together. This is surprising, 
because investment in R&D is clearly an important 
input measure of R&D capability and innovation, 
and a driver of future competitive advantage. Also, 
small- and medium-sized enterprises (SMEs) make 
up almost all businesses in Japan. Until recently, 
however, SMEs were regarded as ‘weak enterprises’ 
and afforded little credence, even among Japanese 
policymakers, or they were simply ignored.

2. Extant Research

Prior research on determinants of R&D invest-

ment has mainly considered strategic factors, such 
as a fi rm’s industry, corporate strategy and institu-
tional shareholders. These studies, however, have 
examined R&D investment only in large, multina-
tional or diversifi ed fi rms, and they have not includ-
ed entrepreneurial characteristics as determinants. 

Other studies have specifi cally considered R&D 
investment in small technology-based fi rms, but 
again have taken only strategic factors into account, 
such as the impact of regulatory measures, produc-
tivity, and factors such as size, industrial sector, 
ownership and location (e.g., Shefer and Frenkel, 
2005).

Separate from this stream of research, fewer 
studies have examined R&D investment in fi rms 
through another lens: from the perspective of en-
trepreneurial characteristics. The relative paucity of 
such research is surprising, since decisions on the 
allocation of R&D investment reside with the chief 
executive offi cer (CEO) and senior managers of 
fi rms (Green, 1995). Moreover, since R&D invest-
ment represents a long-term allocation of resources 
with which there is associated risk and uncertainty, 
the CEO invariably monitors closely such invest-
ment and adjusts it according to his preferences and 
the strategic direction of the fi rm (Zahra, 1999b). 
CEOs and senior managers inevitably play a role 
in strategic decisions on the deployment of organi-
sational resources and the conversion of these re-
sources into valuable products to confer managerial 
rents and competitive advantage (Lado et al., 1992). 
Penrose (1959: 5) emphasised the importance of 
“the productive services available to a fi rm from 
its own resources, particularly the productive ser-
vices available from management with experience 
within the fi rm”. Thus, entrepreneurial characteris-
tics, such as prior experience, are likely to impact 
on fi rm performance (Castanias and Helfat, 2001). 

Those studies that have considered entrepre-
neurial characteristics as determinants of R&D in-
vestment have been confi ned mainly to large fi rms. 
Among other things, these have revealed that CEO 
characteristics vary according to the industry, and 
that those fi rms in high-technology sectors, where 
R&D investment is greater, have different CEO pro-
fi les than fi rms in low-technology sectors. A study 
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by Daellenbach et al. (1999) examined how entre-
preneurial characteristics varied with R&D invest-
ment in 52 fi rms within two industries. While more 
generalisable than earlier single-industry studies, 
the study of only two industries limits application 
to a broader context.

Studies specifi cally examining the entrepreneuri-
al characteristics of small fi rms have been far fewer. 
In one, Deeds et al. (2000) considered the relation-
ship between the number of new products and R&D 
management capabilities - captured by educational 
background, such as doctorate qualifi cations - by 
using data from biomedical start-up fi rms. Howev-
er, few, if any, studies have examined the strategic 
and entrepreneurial determinants of R&D invest-
ment in Japanese NTBFs.

3. Theoretical Perspective

Our theoretical perspective is that a fi rm’s invest-
ment in R&D is determined by factors at the stra-
tegic level and the entrepreneurial level. As men-
tioned above, much of the literature considers only 
attributes associated with the strategy of the fi rm; 
while other literature adopts the contrary approach, 
and considers human capital characteristics of the 
founder or CEO, while disregarding strategic char-
acteristics of the fi rm in which the CEO operates 
(and, indeed, which s/he may have founded). We 
contend that neither approach is satisfactory, since 
it provides only a partial picture. The optimal meth-
odology is to consider elements from both perspec-
tives. In doing so, we were guided by the literature 
from both strategic-level and entrepreneurial-level 
perspectives as to which variables to consider. 

The literature associated with fi rm strategy con-
siders several factors. These include the availability 
of internal funds (e.g., Lach, 2000); the effective-
ness of venture capital funding (e.g., Kortum and 
Lerner, 1998, 2000); geographic location (e.g., 
Audretsch and Feldman, 1996), and the economic 
benefi ts of university research on industrial R&D, 
particularly for new fi rms (e.g., Henderson et al., 
1995; Mansfi eld and Lee, 1996).

The literature on entrepreneurial-level perspec-
tives suggests that a fi rm’s strategies and effective-

ness are associated with the values and cognitive bi-
ases of senior management, and examines features 
such as the CEO’s age, education and prior experi-
ence.

We refer to both of these streams of study below, 
when we outline hypotheses about the association 
between R&D investment by fi rms and various stra-
tegic and entrepreneurial characteristics.

4. Econometric Model

Perhaps the greatest obstacle to understanding the 
role of innovation in economic processes has been 
the lack of meaningful measures of innovation in-
puts and outputs. One measure that is used as an 
indicator of innovative activity is the intensity of a 
fi rm’s expenditure on R&D. Accordingly, then, we 
consider the following R&D equation:

iiii uYXconstr  

The dependent variable ri denotes the natural loga-
rithm of company-fi nanced annual R&D expendi-
ture in fi rm i. Since many of our data on R&D take 
the value zero, we employ a Tobit regression model, 
instead of using Ordinary Least Square analysis.1  
In running regressions, we transform the depend-
ent variable RD into (RD+1)*10 by using the loga-
rithmic linear transformation. The Tobit censoring 
boundary is set to correspond to a zero observation 
(Acs et al., 1994a).

On the right-hand side of the equation, there are 
two categories of variables that we propose deter-
mine the level of R&D investment. The fi rst catego-
ry is represented as a vector of the strategic charac-
teristics, X; and the second category is represented 
as a vector of the entrepreneurial characteristics, Y. 
These variables and the hypotheses related to them 
are discussed below. The complete set of variables 
is shown in Table 1.

1 Tobit regression assumes the data are truncated, or 
censored, above or below certain values, and is used to 
handle the truncation at zero. See Greene (1997: 959-
963).
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5. Explanatory Variables and Hypotheses

5.1 Strategic Variables

Technological Capability

First, we propose that a fi rm’s level of ‘techno-
logical capability’ is likely to affect the extent of 
R&D investment. We defi ne technological capabili-
ty as the potential for fi rms “to undertake a set range 
of productive tasks aimed at improving their ability 
to operate specifi c functions and compete in specifi c 
markets and industries” (Lynskey, 1999). Techno-
logical capability provides the basis for in-house 
innovation and competitive advantage (Cohen and 
Levinthal, 1990). Specifi cally, it is seen as the re-
source that enables a fi rm to generate innovations 
in products, process and engineering projects. As 
such, technological capability is regarded as a stra-
tegic resource enabling fi rms to achieve competitive 
advantage within their industry. Those fi rms with 
superior technological capability can secure greater 
effi ciency gains and deliver innovation in response 
to the changing market environment.

Several studies (e.g., Afuah, 2002; Schoenecker 
and Swanson, 2002) employ R&D expenditure as 
the core measurement indicator of technological 
capability; this is not surprising, since a fi rm’s tech-
nological capability correlates signifi cantly with the 
development, absorption and application of techno-
logical knowledge. Moreover, technological capa-
bility has been shown to be a determinant of perfor-
mance in technology-based venture fi rms (e.g., Lee 
et al., 2001).

Here we denote technological capability by the 
independent variable TC, defi ned as the number of 
R&D personnel to total employees. We expect that 
R&D investment in a fi rm will increase if techno-
logical capability increases; hence, the coeffi cient 
of TC is predicted to be positive in our regressions. 2

H1:  R&D investment is positively related to 
2 Naturally, there may be other elements of firms that 

might make up their technological capability, e.g. 
physical assets such as laboratories and computer 
resources.

the technological capability of a fi rm.

Internal Funds

Theoretical reasons for the existence of capital 
market imperfections in the fi nancing of R&D are 
well known. The nature of R&D is typically charac-
terised by substantial sunk costs and is accompanied 
by a great deal of uncertainty, such that it is diffi cult 
to evaluate the outcome of R&D, and predict the in-
vestment value precisely, which prevents fi rms from 
borrowing to fi nance R&D projects. Thus, equity fi -
nance or debt-based fi nance often becomes diffi cult 
to attract, especially for start-up fi rms that have no 
reputation in the market (Hall, 2002). Additionally, 
the traditional low levels and late-stage provision 
of venture capital in Japan, coupled with the reluc-
tance of venture capital fi rms to invest in start-up 
fi rms, compounds the diffi culties faced by Japanese 
NTBFs (Lynskey, 2004, 2006). Moreover, the fi rm 
may seek secrecy for strategic reasons and prefer 
internal fi nancing of R&D. These factors tend to 
result in R&D investment being fi nanced through 
internal funds and bank loans, at least in the early 
stages.

Here, the independent variable SALES is defi ned 
as the natural logarithm of fi rms’ sales in the previ-
ous year. This is a plausible proxy for the availabil-
ity of internal funds, a fraction of which is allocated 
to R&D in the successive year.3 Hall (1992) notes 
that fi rms fi nance most R&D from their internal 
funds; and other studies (e.g. Himmelberg and Pe-
tersen, 1994; Mulkay et al., 2001) provide further 
empirical evidence of a signifi cant positive relation-
ship between R&D and available internal funding. 
Moreover, a fi rm’s probability of undertaking R&D 
activities and its R&D expenditure increase with 
market power (Gonzáles and Pazó, 2004). Hence, 
we predict that there is a positive relationship be-
tween R&D investment and sales.

H2:  R&D investment is positively related to 
the availability of internal funds.

3 The variable SALES may also be interpreted as a proxy 
for demand. See, for example, Cohen and Klepper 
(1996).
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Venture Capital

The amount of venture capital funding in Japan 
is one of the lowest among developed countries. 
Although a series of legislations and modifi cations 
to the investment system have been enacted in re-
cent years to encourage risk capital investments, the 
amount of venture capital funding in Japan remains 
small compared to Europe and the USA. The main 
impediment to venture capital funding in Japan lies 
in the risk-averse nature of its investors and the 
practice of portfolio investment rather than true 
venture capital investment (Schaede, 2008).

Although venture capital fi rms in Japan exhibit 
several differences in their funding strategy when 
compared to similar fi rms elsewhere (see Kuem-
merle, 2001; Mayer et al., 2003), we test if venture 
capital funds stimulate R&D investment in our sam-
ple of fi rms, as one might suppose from studies of 
venture capital fi rms in the West (e.g. Kortum and 
Lerner, 2000). One might reasonably expect ven-
ture capital funding to stimulate R&D investment 
in Japanese NTBFs, if they can attract such fund-
ing. We introduce the variable VC, which we defi ne 
as the share of venture capital fi nancing to the total 
initial funds available to a fi rm.

H3:  R&D investment is positively related to 
venture capital funding.

Business Planning

The literature is divided as to whether business 
planning is an important precursor to action in new 
fi rms, or if it impedes the efforts of the founders of 
such fi rms. Rue and Ibrahim (1998) investigated 
the relationship between planning and business per-
formance, and in their review of the literature they 
stated that, “the literature strongly supports the ar-
gument that, in small business, planning is a key is-
sue”. Their own results, however, were statistically 
inconclusive, except for the fi nding that fi rms with 
no written plans exhibited slower growth rates than 
those with sophisticated planning. Later research 
(e.g., Perry, 2001; Delmar and Shane, 2003, 2004) 
supported the idea that planning produces desirable 

outcomes, and that it enhances both product and 
venture fi rm development.

Other literature, however, contends that it is 
likely that NTBFs do not - and perhaps cannot - al-
locate suffi cient resources to business planning. Ac-
cording to these studies, the uncertainty and pace 
of entrepreneurial situations undermine the value 
of business planning, so founders should move di-
rectly to action (Carter et al., 1996). Research by 
Bhidé (2000) on start-ups fi rms indicates that they 
do not formulate elaborate business plans because 
they must make decisions quickly in response to 
changing circumstances, thereby making redundant 
previously formulated plans. Indeed, Allinson et al. 
(2000) contend that entrepreneurs should rely more 
on their intuition, rather than engage in planning 
and risk using information that is likely to be in-
accurate or out-of-date. Moreover, data from Japan 
claims that over 40 percent of Japanese SMEs make 
business plans purely for ‘negative’ reasons, such 
as their inability to attract investment without such 
a plan, or because outsiders have advised them to 
do so. This is consistent with fi ndings elsewhere. In 
such cases, planning is merely symbolic: it is seen 
as desirable because it lends legitimacy to a venture; 
or, by emulating the practices of successful fi rms, 
ventures hope to become imbued with the same 
quality. 

Despite these ambiguous results, we concur with 
several researchers (e.g., Szakonyi, 1990; Zantout 
and Tsetsekos, 1994) that it is incumbent on fi rms to 
articulate a business plan, and that this clarifi es the 
allocation of investment in R&D. We introduce a bi-
nary dummy variable, B_PLAN, which is assigned 
a value of one if a fi rm makes a business plan, and 
zero otherwise.

H4:  R&D investment is positively related to 
making a business plan.

R&D with Universities

Universities are recognised as a repository of 
public knowledge, and knowledge emanating from 
them has become important, owing to the develop-
ment of new and improved products depending on 
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academic research (David, 1994; Hall et al., 2000). 
University research often stimulates and enhances 
the power of R&D done in industry, rather than 
provides a substitute for it. Consequently, academic 
and business research should be seen as overlapping 
and interacting, with the former augmenting the ca-
pacity of the latter to solve an increasing range of 
complex questions.

Empirical studies show that strategic-level ef-
fects induced by university knowledge occur on two 
levels (Stephan, 1996). First, internalising scientifi c 
knowledge leads to the expansion of fi rms techno-
logical capabilities (mentioned previously) for de-
veloping new or improved products (Jaffe, 1989; 
Cockburn and Henderson, 1997), which becomes 
manifest in an improvement of technological know-
how and skills. Secondly, knowledge generated in 
universities improves fi rms’ research effi ciency. 
Such knowledge accelerates the lead-time of inno-
vations and increases the rates of return of R&D. 

After the pioneering work of Jaffe (1989), econo-
mists have investigated who best utilises university 
knowledge to achieve industrial innovations. Ac-
cording to their empirical results, university knowl-
edge is thought to benefi t NTBFs in particular, by 
enabling them to compensate for their competitive 
disadvantage due to their size (Acs et al., 1994a; 
Cohen and Klepper, 1996a, b). Small high-technol-
ogy fi rms that engage in university-based research 
are likely to exhibit a higher rate of return to R&D 
and have an advantage compared with larger fi rms 
in exploiting university research (Lee et al., 2001). 
Mansfi eld (1991) also asserts that smaller fi rms 
have an advantage in commercialising the results of 
university research. Acs et al. (1994a) revealed that 
external knowledge contributes more to the innova-
tion process in small fi rms than in large fi rms, which 
tend to rely more on their in-house R&D activities. 
Small fi rms have more to learn from external sourc-
es of knowledge, and have greater potential for 
growth stimulated by collaborative R&D linkages 
with universities than do their larger counterparts 
(Sakakibara, 1997). Thus, university knowledge is 
part of the total stock of externally available and rel-
evant technological knowledge available to start-up 
innovative fi rms (Mansfi eld, 1995), especially those 

that have not accumulated enough R&D assets 
through their own in-house efforts, as is the case 
with start-up fi rms (Santoro and Chakrabatri, 2002).

In addition to this literature referring to research 
from Europe and the USA, similar results are re-
ported from empirical studies conducted in Japan. 
In an examination of Japanese manufacturing fi rms 
undertaking R&D, Motohashi (2004) reports that 
small fi rms have increasingly become involved with 
university linkages, and newer fi rms are likely to 
engage in joint research with university-based sci-
entists. Moreover, based on the exploitation of uni-
versity knowledge through collaborative research, 
newer fi rms were found to achieve more technical 
and commercial success in innovations, measured 
as patent productivity and value-added growth, 
respectively.  Elsewhere, it was reported that new 
and small fi rms are likely to achieve higher sales 
growth on the basis of university-industry collabo-
ration (JSBRI, 2003). Furthermore, analysis of lon-
gitudinal data suggests that small fi rms are likely to 
exploit university knowledge in an attempt to op-
timise the use of relatively few internal resources 
to enhance their core competence (Nakayama et al., 
2003).

Here, we examine the effect of collaborative 
R&D projects with universities on R&D investment 
made by NTBFs. The independent variable JRDU 
is defi ned as the number of joint R&D projects 
that a fi rm undertakes with universities. We expect 
that a fi rm’s R&D investment is positively related 
to JRDU. This follows from the idea that a NTBF 
needs to conduct additional R&D in order to absorb 
and suffi ciently utilise scientifi c knowledge that is 
transferred from universities, in accordance with 
the concept of absorptive capacity (Cohen and Lev-
inthal, 1989, 1990).

H5:  R&D investment is positively related to 
the number of R&D projects with universities.

Location

March and Simon (1958) suggested that ‘borrow-
ing’ is the catalyst in most innovation; as such, in-
novation is dependent on a fi rm’s ability to be aware 
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of and associate with such sources of knowledge, 
together with its capacity to assimilate and apply 
such knowledge to R&D (Lynskey, 1999). Such 
‘borrowing’ is easier where the benefi ts of agglom-
eration economies, such as knowledge spillovers, 
labour pooling and specialised suppliers, come into 
effect and provide fi rms in a localised cluster with 
a competitive advantage over fi rms located outside 
the cluster. ‘Technological externalities’ or knowl-
edge spillovers (Marshall, 1949; Porter, 1990; 
Krugman, 1991; Saxenian, 1994; Audretsch and 
Feldman, 1996; Feldman, 1999) are associated with 
‘hot spots’  - the concentration of similar fi rms in 
close geographic proximity (Pouder and St. John, 
1996; von Burg and Kenney, 2002). 

Empirical studies on knowledge spillovers sug-
gest that knowledge tends to be localised (Jaffe et 
al., 1993; Audretsch, 1998). Since such knowledge 
enhances the ‘technological capabilities’ of fi rms, 
those fi rms in close proximity to one another should 
exhibit benefi ts. For example, Deeds et al. (2000) 
show that the concentration of same-sector fi rms in 
a biotechnology fi rm’s geographic area is positively 
related to the number of new products developed 
by the fi rm. The benefi ts of location have also been 
explored in other technology sectors, such as com-
puter software and optoelectronics. Moreover, the 
overall level of R&D investment is an important 
factor associated with geographic location (Acs et 
al., 1994b).

In addition to knowledge spillovers from other 
fi rms in a location, fi rms may enjoy externalities 
from proximity to universities or research institutes 
(Jaffe, 1989; Link and Rees, 1990; Acs et al., 1992; 
Acs et al., 1994a; Lissoni 2001; Lynskey, 2008). 
The rationale for this is that, since some of the 
knowledge of university-based scientists required 
for industrial innovation is not codifi ed, the transfer 
of tacit knowledge requires fi rms to maintain face-
to-face interactions with such scientists (see Beise 
and Stahl, 1999; Nooteboom, 1999). Mansfi eld 
(1995) contends that proximity is signifi cant when 
the knowledge that is transferred is applied rather 
than basic. This has been supported in more recent 
studies by Autant-Bernard (2001) and Acs et al. 
(2002). Zucker and Darby’s (1998, 1999) notion of 

‘star scientists’ are examples of university biomedi-
cal specialists whose proximity to, or close collabo-
ration with, biotechnology fi rms is thought to assist 
the commercialisation of academic research and im-
pact favourably on fi rm creation and growth.

Owing to the centralised nature of Japanese 
academia and society, R&D activities are focused 
largely on Tokyo (see Masser, 1990; Kubo and 
Harada, 2001; Suzuki, 2001; Lynskey, 2006). In 
addition, the recipient fi rms of new and follow-on 
venture capital investments in Japan are also con-
centrated in Tokyo, with 47.5 percent of new and 
follow-on investments by amount, and 46.8 percent 
by number, directed to fi rms in Tokyo. 

For the purpose of this study, therefore, we look 
specifi cally at Tokyo, and defi ne TOKYO as a bi-
nary dummy variable that takes the value 1 when 
a fi rm is located in Tokyo, or zero otherwise. We 
expect this variable to be positively related to R&D 
investment because of the presence of agglomera-
tion economies.

H6:  R&D investment is positively related to 
the location of the fi rm.

Age of the Firm

The fi nal fi rm-level variable, F_AGE, is a control 
variable defi ned as the number of years that have 
elapsed since a fi rm was established. We consider 
fi rm age because research suggests that fi rm growth 
and the probability that a fi rm will fail decrease with 
fi rm age (Evans 1987). This variable partly refl ects 
the macroeconomic conditions that prevailed in the 
year when a fi rm was founded. Highfi eld and Smi-
ley (1987) suggest that macroeconomic factors are 
one of two factors (the other one being microeco-
nomic factors) that infl uence the rate of creation of 
new fi rms. One of the incentives for an entrepreneur 
to establish a NTBF and engage in research is to 
commercialise the results of R&D and to seek rents 
thereby from doing so (Kirzner, 1973; Lynskey, 
2002). The macroeconomic conditions prevailing in 
the year when a fi rm is established have some ef-
fect on the rent-seeking activities of the fi rm, how-
ever, and infl uence its subsequent development and 
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R&D expenditure. Since such effects might bias the 
regression results, we control for these macroeco-
nomic effects by using the variable F_AGE.

5.2 Entrepreneurship Variables

In addition to these strategic characteristics, we 
propose that R&D investment in NTBFs is affected 
also by entrepreneurial characteristics, such as hu-
man capital. Entrepreneurship here is used in the 
sense of Schumperterian types, as well as the mana-
gerial types who manage their business and com-
pete for market share. The following refer to the 
entrepreneurial variables shown in Table 1.

Education – Direct Effect

Human capital (education) is one of the funda-
mental variables explaining entrepreneurship (Ev-
ans and Leighton, 1989; Kim et al., 2006). We con-
sider the tertiary-level education of the founder or 
CEO of the NTBF to be an important factor in the 
level R&D investment, because discernment of the 
value of R&D and its capabilities requires special-
ised knowledge acquired through higher education. 
Studies (Hitt and Tyler, 1991; Wally and Baum, 
1994) suggest that more educated managers have 
greater cognitive complexity. It is generally as-
sumed that such cognition provides greater ability 
to absorb new ideas and accept innovations. Stud-
ies also indicate a positive effect between education 
and self-employment (Robinson and Sexton, 1994; 
Reynolds, 1997b). Bates (1995), who controlled for 
differences in industry when examining the role of 
education, also found a positive relationship be-
tween education and self-employment.

Studies suggest that education is a key differenti-
ating factor between high-technology entrepreneurs 
and the general population of entrepreneurs, since 
the former exhibit high levels of educational attain-
ment (Klandt and Szyperski, 1988; Roberts, 1991; 
Westhead and Storey, 1994).  Studies have also 
found that CEOs with higher levels of education 
lead more innovative fi rms (Kimberly and Evani-
sko, 1981; Bantel and Jackson, 1989; Thomas et al., 
1991). Klandt and Szyperski’s (1988) study found 

that 88 percent of the founders of new technology 
based fi rms had attended university, compared to 
32 percent of founders in general and 7.5 percent 
of employees. In their study, Westhead and Storey 
(1994) revealed that 84 percent of high technology 
entrepreneurs have a degree and 48 percent have a 
higher degree, while only 20 percent of entrepre-
neurs in general are educated to degree level and 
only 2 percent have a post-graduate qualifi cation. 
Bhidé (2000) revealed that more than 80 percent 
of the entrepreneurs in his study had a university 
education. Thus, education appears to have a posi-
tive impact on self-employment, at least in some 
(knowledge-intensive) industries.

Studies also report a positive relationship be-
tween education and fi rm growth (e.g., Van de Ven 
et al., 1984; Roberts, 1991; Jo and Lee, 1996; Al-
mus and Nerlinger, 1999; Wilbon, 2000), although 
this does not appear to be straightforward. Van de 
Ven et al. (1984) and Jo and Lee (1996), for exam-
ple, fi nd a direct and linear relationship between ed-
ucation and performance. The relationship between 
performance and education beyond degree level is 
not supported, however, in Almus and Nerlinger 
(1999); and Roberts (1991) does not fi nd a relation-
ship between performance and education beyond 
master’s degree level. Almus and Nerlinger (1999) 
examine the impact of degree type on performance 
in technology-based new fi rms, and fi nd that fi rms 
established by entrepreneurs with technical degrees 
grow more rapidly than those with other qualifi ca-
tions. This may be because science and engineering 
degrees create managers that have a more thorough 
understanding of technology and a more positive 
attitude to innovation (Tyler and Steensma, 1998). 
Almus and Nerlinger (1999) also affi rm that neither 
postgraduate business education, in the form of an 
MBA, nor the combination of an MBA and a tech-
nical degree, impact on growth. This supports fi nd-
ings that MBA programmes do little to develop in-
novative or risk-taking skills in students (see Ham-
brick and Mason, 1984; Finkelstein and Hambrick, 
1996). Stuart and Abetti (1990) fi nd a negative, 
though not signifi cant, relationship between educa-
tion and performance, resulting primarily from the 
relatively poor performance of PhDs. Likewise a 
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study by Roberts (1991) reveals that education be-
yond master’s degree level is negatively linked to 
success. In other words, while entrepreneurs with 
degrees generally outperform those without de-
grees, entrepreneurs with PhDs do not perform as 
well as those with master degrees. Roberts (1991) 
suggests that the association between education and 
success in high technology fi rms is most likely to 
represent an ‘inverted “U” relationship’ rather than 
any statistically signifi cant direct relationship. Here, 
we consider a CEO’s tertiary-level education to be a 
determining factor in the level of R&D investment 
in NTBFs. Since the proportion of CEOs with fi rst 
degrees is very high in Japan, we decided that an ap-
posite measure is how many CEOs have postgradu-
ate degrees.

Education – Indirect Effect

In addition to this direct effect, human capital 
(educational background) is also likely to have an 
indirect effect on R&D investment in NTBFs. It 
helps to overcome barriers in obtaining credit/eq-
uity, as well as fostering social networks, which in 
turn help to reduce transactions costs (Williamson, 
1971; Nanda and Sorenson, 2007). Bates (1990), 
for example, shows that entrepreneurs with higher 
educational qualifi cations can raise money from 
capital markets more easily, and can survive in the 
market longer. Similarly, Scherer and Huh (1992) 
make a link between senior managers’ education 
and the level of R&D investment. In such cases, 
educational credentials appear to signify the entre-
preneur’s potential in managing a successful fi rm. 
Here, UNIV_G denotes a dummy variable that 
takes the value 1 when a CEO has graduated from 
a post-graduate programme, and is otherwise zero.

H7: R&D investment is positively related to 
the CEO’s educational background.  

Prior Experience in R&D

In an early study on the infl uence of managers’ 
career experiences, Dearborn and Simon (1958) ar-
gued that experience of a particular business func-

tion in a fi rm causes managers to perceive and in-
terpret information in ways that are consistent with 
and replicate their functional training. Later studies 
suggest that CEOs with signifi cant career experi-
ence in output functions (i.e. R&D/engineering 
and marketing/sales) favour innovation strategies 
because these functions emphasise growth through 
discovering new products and markets (Hambrick 
and Mason, 1984; Finkelstein and Hambrick, 1996). 
Consequently, CEOs with output function career 
experience are likely to favour higher R&D invest-
ment as part of their focus on innovation. Indeed, 
Thomas et al. (1991) found that fi rms in the com-
puter industry pursuing strategies of product and 
market innovation had CEOs whose primary career 
experience was in output functions.

Determining the appropriate level of R&D in-
vestment is likely to require a CEO to have practi-
cal knowledge that can only be gleaned from actual 
business experience in an R&D function. In contrast 
to the explicit or codifi ed knowledge gained through 
formal education, and accounted for above under 
education, this type of knowledge is tacit in nature 
(Polanyi, 1958). It may be evident, for example, in 
the know-how needed to allocate proper resources 
to R&D, to organise research projects, and in other 
‘hands-on’ tasks. Hills et al. (1999) suggest that be-
tween 50–90 percent of start-up ideas derive from 
prior work experience. Such fi ndings lend support 
to Stinchcombe’s (1965) notion of the ‘liability of 
newness’, and the argument that fi rms tend to be es-
tablished in those fi elds of previous relevant experi-
ence to the founder. Therefore, a CEO’s prior expe-
rience in an R&D capacity will impact on a NTBF’s 
ability to grow and be innovative, and may in part 
substitute for its lack of a track record. We assume 
that this prior experience is essential in conducting 
R&D effi ciently in NTBFs, and in determining the 
appropriate level of R&D investment in such fi rms. 
Here, EXP_RD is a binary dummy variable that is 
set to one when a CEO has such prior experience 
before founding his own fi rm, but is otherwise zero.

H8: R&D investment is positively related to a 
CEO’s prior experience in an R&D role.
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Next, we consider the effects of overt ‘entrepre-
neurship’ on the level of R&D investment. Entre-
preneurship is a notoriously diffi cult concept to 
measure, and researchers from different disciplines 
have attempted to capture it using different con-
structs (Lynskey, 2002).  Here, we attempt to exam-
ine entrepreneurship by four variables that attempt 
to capture ‘entrepreneurship experience’.

CEO as Firm Founder

We assume that the CEO who is also the founder 
of the fi rm will tend to exhibit greater fl exibility 
and swiftness in decision-making, which we see 
as a quality of entrepreneurship in new fi rms be-
cause the position still has novelty and is challeng-
ing. The founder-CEO is likely to be a leader with 
both a clear entrepreneurial vision and the means to 
implement it (Penrose, 1959; Greiner, 1972). The 
founder-CEO is likely to have a ‘self-set’ goal (e.g., 
to create a new product) rather than a relative goal 
(e.g., to make more money than other fi rms), and as 
a result his motivation to reach his goal is likely to 
be higher. Moreover, those fi rms where the founder 
is still the CEO have most likely not yet reached 
the stage of ‘bureaucratic sclerosis’ or the ‘entre-
preneurial paradox’ signifi ed by a fi rm in which 
bureaucracy impedes innovation and individual ac-
tion (Schumpeter, 1942). Nor have they reached the 
level identifi ed by Chandler (1962) where profes-
sional managers replace the founding entrepreneur.

Since the NTBFs under consideration in this 
study are by nature new fi rms, they are unlikely 
to have CEOs of long tenure. Studies on the ten-
ure of CEOs suggest that long-tenured CEOs tend 
to make fewer changes in strategy as their tenure 
increases (Grimm and Smith, 1991). Hambrick and 
Fukutomi (1991) asserted that this lack of change 
occurs because, with increasing length of tenure, 
CEOs became more strongly committed to imple-
menting their own paradigm for how a fi rm should 
be run. Hambrick and Fukutomi (1991) also argued 
that longer-tenured CEOs might lose interest in 
implementing organisational changes as their out-
side interests increase and the novelty of a CEO’s 
job decreases. Moreover, Miller (1991) argued that 

longer-tenured CEOs may lose touch with their 
fi rms’ environments and may not make the changes 
and investments necessary to keep the fi rm evolv-
ing over time. Given such fi ndings, longer-tenured 
CEOs may have little interest in pursing strategies 
of innovation through higher R&D investment. 

On the other hand, we expect that NTBFs with a 
founder-CEO react quickly to changes in the busi-
ness environment and pursue a business model of 
higher R&D investment. It is interesting that Graber 
(2003) found an inverse relationship between turn-
over of senior management in technology-based 
fi rms, especially the CEO, and R&D expenditure, 
and that this was particularly pronounced in small 
fi rms. Here, ENTRE denotes whether the current 
CEO is also the founding entrepreneur of the fi rm; 
this dummy variable takes a value of 1 if the current 
CEO is the founder of a fi rm, and is otherwise zero.

H9: R&D investment is high in a fi rm whose 
CEO is also the founder.

Age of the CEO

The subsequent variable, M_AGE, denotes the 
age of the CEO. Cressy (1996) suggests a model 
that assumes the probability of a new fi rm’s survival 
is an increasing function of an entrepreneur’s age. 
According to Harada (2003), however, an entrepre-
neur’s age is negatively related to entrepreneurial 
success in Japan. In this study, we assume that a 
younger CEO is likely to be more entrepreneurial, 
in terms of having ‘energy, drive and a willingness 
to accept change’ (Child, 1974: 181), and being 
more comfortable with ambiguity and uncertainty 
- a quality recognised by Bhidé (2000) - than an 
older CEO, whom, we assume, is likely to be more 
cautious and risk averse. This is in agreement with 
several empirical studies, which have shown that 
older CEOs follow lower-growth strategies (Child, 
1974), and tend to be more conservative (Hambrick 
and Mason, 1984) and risk averse (MacCrimmon 
and Wehrung, 1986). In terms of R&D investment, 
research by Dechow and Sloan (1991) showed that 
CEOs often reduce R&D investment in the years 
leading up to their exit, while younger CEOs are 
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more risk tolerant in increasing R&D investment 
because their career and fi nancial security con-
cerns have a longer time horizon. Gwynne (2003: 
13) suggests that, ‘It may be logical for older CEOs 
to focus on short-term goals rather than long-term 
R&D investment’.

H10: R&D investment is negatively related to 
the age of the CEO.

Prior experience in the role of CEO

Similar prior experience, as a CEO or a founder 
of a start-up fi rm, plays a prominent role in success-
ful opportunity recognition processes in entrepre-
neurs (Hills and Shrader, 1998; Shane, 2000; Shep-
herd and De Tienne, 2001; Ardichvili et al., 2003), 
and provides the most relevant experience for new 
fi rm managers. Ronstadt (1988) proposed the no-
tion of the ‘corridor principle’ to account for mul-
tiple venture formation by the same entrepreneur. 
This concept suggests that the act of having estab-
lished a venture fi rm moves an entrepreneur down 
a venture corridor that allows him to see intersect-
ing corridors leading to new venture opportunities 
that he could neither see, nor take advantage of, 
until he had started his initial venture. The fi rst time 
entrepreneur subsequently sees more attractive op-
portunities after the initial venture is launched; new 
venture ‘corridors’ open to him, often because more 
is known or discovered about relevant contacts, reli-
able suppliers, viable markets, product availability, 
competitive resources and response time. The es-
sential point here is that this knowledge and the op-
portunities they reveal most often emerge only after 
one establishes a business. Venkataraman (1997) 
uses similar imagery, and suggests that each person 
develops a knowledge corridor that enables one to 
see the potential benefi t in an opportunity because 
one has an existing frame of reference with which 
to interpret it. Stuart and Abetti (1990) fi nd a strong 
positive correlation between entrepreneurial experi-
ence and performance, and rank prior experience as 
an owner manager as the highest level of manage-
ment experience attainable in their study. Such prior 
experience enables CEOs to avoid the ‘liability of 

newness’ in adjusting to a new role (Stinchcombe, 
1965), and thus avoid one of the diffi culties to 
which a new organisation is exposed. 

Thus, those CEOs that have experience of run-
ning other companies, including previous ventures, 
before founding and/or running their current fi rm 
are more likely to possess better know-how about 
management in technology start-ups. The penulti-
mate variable, EXP_CEO, is a dummy variable that 
signifi es the CEO’s similar prior experience, as a 
CEO in another fi rm. This takes the value of 1 if the 
current CEO has previous experience of managing 
other fi rms, and is otherwise set to zero.

H11: R&D investment is positively related to 
the CEO’s prior experience in running other fi rms.

CEO’s participation in networks

The fi nal management variable, NWK, is a dum-
my variable that represents whether the CEO is en-
gaged in a social network with other entrepreneurs 
and researchers, including university researchers 
(Aldrich and Zimmer, 1986; Saxenian, 1990, 1991; 
Dubini and Aldrich, 1991; Burt, 1993). The advan-
tages of being a member of such a network are that 
the CEO has established socially embedded strong 
and weak ties (Granovetter, 1973), redundant and 
non-redundant ties (Burt, 1992b) and direct and 
non-direct ties (Ahuja, 2000) to the sources where 
useful information is likely to arise, and has reli-
able channels to convey such knowledge from those 
sources. Such kinds of networks could bring useful 
information on, for example, new technology and 
competing businesses, and also permit the CEO 
to obtain resources cheaper than they could be ob-
tained on markets and to secure resources that would 
not be available on markets at all, such as reputation 
and customer contacts (Witt, 2004). Network rela-
tionships with various actors also positively affect 
innovation performance and productivity (Pittaway 
et al., 2004). In the case of small fi rms, innovation 
appears to be related to the extent to which they are 
embedded locally in networks (Freel, 2003). NWK 
is set to 1 if the CEO is actively engaged in such a 
network.
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H12: R&D investment is positively related to 
the CEO’s extent of networking.

Finally, since differences among industries may 
have an effect on the innovative activities of NTB-
Fs, we introduce six industry dummies based on the 
Standard Industrial Classifi cation of Japan (SICJ) to 
treat these differences. Table 1 lists the complete set 
of variables and their defi nitions.

6. Data

The data for this study is from an original data-
base compiled from a questionnaire survey sent to 
fi rms in several sectors: (1) chemical, (2) metal-
working machinery, (3) special industrial machin-
ery, (4) electrical machinery, (5) motor vehicles and 
associated parts, and (6) precision instruments. An 
identical follow-up survey was sent to fi rms in the 
information technology and biotechnology sectors. 
Our sample, representing a response rate of 27.9 
percent, were fi rms classifi ed into one of eight sec-
tors, and which had been established for 10 years or 
less. Regarding the distribution of the ages of the 
fi rms, 36.2 percent of the fi rms were formed in the 
initial three years, but this ratio declined later; only 
6.9 percent of the fi rms were formed in the fi nal 
three years. Table 1 shows a list of the variables we 
consider, and Table 2 shows the summary statistics 
of our sample fi rms.

7. Empirical Results

We conducted fi ve regressions depending on the 
combination of ‘entrepreneurship’ variables. The 
estimated results are reported in table 3. This shows 
that the pseudo R-squared is 0.14, indicating a valid 
regression model.4 The following discusses the re-
sults of our estimations for each of the independent 
variables.

As expected, the coeffi cient of TC shows a signif-
icantly positive sign in each regression. This indi-
cates that a fi rm’s technological capability is an im-

4 Pseudo R-squared is an indicator used to check the 
fi tness of non-linear regression models such as Tobit.

portant determinant of R&D and augments the level 
of R&D investment, confi rming hypothesis H1. 
Table 3 also shows that SALES is signifi cantly and 
positively related to current R&D investment. Tak-
ing into account the existence of both information 
asymmetries and capital market imperfections, it is 
often diffi cult for start-ups to raise funds for R&D 
from outside the fi rm. This suggests that our sample 
fi rms had to depend substantially on internal funds 
such as suffi cient cash fl ows; and, indeed, this has 
invariably been the case with venture fi rms in Japan 
(Lynskey, 2004, 2006). Conversely, one could also 
interpret SALES as a proxy for demand (Cohen and 
Klepper, 1996a,b).5 An increase in demand enables 
a fi rm to appropriate some of its R&D expenditure, 
in which case R&D is positively related to demand. 
In any case, our results corroborate hypothesis H2.

The coeffi cients of VC are positive, confi rming 
hypothesis H3, but insignifi cant in the regressions. 
Table 2 shows that the mean of the variable VC 
is only about 0.0008, which implies that venture 
capital funds were almost negligible in our sample 
fi rms and not an important determinant of R&D in-
vestment. This appears to be an accurate refl ection 
of the situation in Japan (Lynskey and Yonekura, 
2001). Unlike venture capital fi rms in the USA or 
Europe, venture capital in Japan has tended to be 
invested later - at, or just before, an initial public 
offering (IPO), when a fi rm is already looking suc-
cessful. Moreover, the scale of venture capital in-
vestment in Japan has been much less than that in 
Europe or the USA. Since many Japanese venture 
capital fi rms are subsidiaries of banks or securities 
companies, their primary goal was not to achieve 
the highest return on investment but, instead, to in-
crease the business of their parent company. They 
have also lacked the expertise to assess technology 
projects and have been risk-averse in providing 
funds for R&D in NTBFs.

The coeffi cient of the variable B_PLAN is posi-
tive, supporting hypothesis H4, but insignifi cant. 
This is consistent with the results gleaned for small 

5 SALES is also a proxy for the firm size. Estimated 
results show that elasticity of sales is below unity. This 
means that innovative activities are simply proportional 
to fi rm size.



―  25  ―

Determinants Of R&D Investment: Strategic And Entrepreneurial Characteristics In Japanese New Technology-Based Firms(Michael J. Lynskey)

fi rms in the USA by Perry (2001), who found a posi-
tive relationship between planning and fi rm failure, 
although the explanatory power of the relationship 
was weak. Perry (2001) makes the observation that 
there is likely to be some minimum employment 
level, perhaps in the range of fi ve to 15 employees, 
below which formal (written) planning has marginal 
value. For businesses below this threshold, the lim-
ited scope, scale and complexity of a business are 
conducive to simple and intuitive planning, and the 
communication of plans may not require documen-
tation, since so few people are involved. We surmise 
that in Japan, small, start-up fi rms, typically with 
very few employees, rarely undertake formal, writ-
ten planning. Indeed, it may have limited value and 
utility, even for technology-based ventures, since, 
generally, they have not been required to develop an 
elaborate and sophisticated business plan in order 
to attract fi nance or to establish commercial credit 
with lenders (Bhidé, 2000). Our results are consist-
ent with other fi ndings from Japanese SMEs, which 
indicate that approximately 70 percent of those with 
fewer than 20 employees, and nearly two-thirds 
of those with fewer than 100 employees, make no 
business plan whatsoever. Moreover, 18.9 percent 
of Japanese SMEs make a business plan merely be-
cause, otherwise, they are unable to borrow capi-
tal; and a further 22.2 percent do so only because 
of the advice from outsiders (SMEA, 2000). The 
value of business planning, therefore, appears to be 
‘context dependent’ (Castrogiovanni, 1996). In ad-
dition, of course, there is a distinction between the 
actual writing of a business plan and the process of 
planning – which may not result in a business plan. 
Moreover, it is likely not business planning per se, 
but the quality and content of the business plan that 
is important (Matherne, 2004).

The coeffi cient of JRDU is positive and signifi -
cant in the estimations, validating hypothesis H5. 
These results suggest that joint R&D projects with 
universities augment fi rms’ in-house R&D and 
stimulate them to increase R&D investment. As 
previous studies (e.g., Cohen and Levinthal, 1989, 
1990; Cockburn and Henderson, 1997) suggest, 
fi rms may have to develop their own technological 
capabilities by means of in-house R&D to assimi-

late and apply knowledge from universities, which 
may be especially important for technology-based 
new fi rms.

The variable TOKYO is insignifi cant in our equa-
tions. We were unable to fi nd evidence that the sam-
pled NTBFs located in Tokyo enjoy positive exter-
nalities from their location in a concentration of oth-
er similar fi rms. Moreover, despite our introducing 
a new dummy variable METRO, which was set to 
one when a fi rm was located in Tokyo or Osaka, we 
could not derive a signifi cantly positive coeffi cient 
from this variable. This may be because the number 
of NTBFs has to attain a critical value before the 
effect of knowledge spillovers and other attributes 
of agglomeration economies set in. Indeed, this 
may also help to explain why venture capital has 
not been as prominent in Japan as in other advanced 
economies. Studies imply that the scarcity of liquid-
ity events in Japan, such as IPOs and acquisitions 
of new ventures, impacts negatively on the forma-
tion of new ventures in metropolitan areas such as 
Tokyo. Since access to venture capital has hitherto 
been unimportant for Japanese start-up fi rms, which 
instead have relied on infusions of capital from per-
sonal wealth or traditional banks, and since there 
are few IPOs and acquisitions of new ventures, lo-
cation in a concentration of similar fi rms provide 
few agglomeration economy benefi ts.   

Turning to the entrepreneurial characteristics, 
both UNIV_G and EXP_RD show signifi cantly 
positive coeffi cients in the regressions, corroborat-
ing hypotheses H7 and H8. The former result im-
plies that a CEO with a higher level of formal edu-
cation more successfully manages the innovative 
activities of technology start-ups. Likewise, the fact 
that EXP_RD also shows positive signs suggests 
that experience in an R&D function before found-
ing one’s own technology-related fi rm is useful to 
founder-CEOs after starting up their fi rms. Hence, 
R&D management capability described in terms of 
educational background or previous experience in 
an R&D role is an important factor in technology-
based start-ups.

On the other hand, we could not derive signifi -
cant results from the four variables designated for 
entrepreneurship. First, ENTRE did not show sig-
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nifi cant signs in the regressions, suggesting that it is 
unimportant if the current CEO is the founder of the 
fi rm. This implies, from our initial speculations, that 
a fl exible decision-making process is not crucial to 
R&D and R&D investment in technology start-ups. 
This is perhaps reasonable given the exploratory 
and long-term nature of much R&D. It may be more 
important, however, for ‘output functions’ other 
than R&D, such as engineering, marketing or sales. 
M_AGE was also insignifi cant in our results, sug-
gesting that the age of a CEO is irrelevant to the 
R&D management of such fi rms. One of the reasons 
for this may be that R&D management is affected, 
not by the general experience captured by M_AGE, 
but by the special experience captured by EXP_RD, 
which was signifi cantly positive in our results. An-
other explanation is that the CEOs in our sample 
fi rms were relatively old, with an average age of 
51, and we did not have enough younger CEOs in 
our sample.6 Indeed, studies suggest that the found-
ing entrepreneurs of NTBFs are relatively old in 
Japan. Similarly, the variable NWK did not show 
a signifi cant sign in our regressions. Networking 
with university researchers may well be an impor-
tant element in R&D activity, but it does not appear 
to be an indispensable element in R&D investment; 
or else JRDU, which was signifi cant in our results 
at the fi rm-level, may have absorbed the effects of 
this variable. The variable EX_CEO was also insig-
nifi cant in the regressions. This may be because the 
entrepreneurial characteristic captured by EX_CEO 
is an aggregation related mainly to management of 
the fi rm as a whole, and is either too broad to cap-
ture R&D management per se, or is irrelevant to it.

8. Conclusion

This study attempted to examine empirically the 
determinants of R&D investment in Japanese new 
technology-based fi rms, using fi rm data compiled 
from an original questionnaire survey. We pro-
posed that R&D investment in NTBFs are likely to 

6 We tested whether there is a non-linear relationship 
between age of the manager and R&D intensity, 
introducing the square term of M_AGE, but we did not 
fi nd signifi cant results from these models.

be affected both by strategic characteristics, such 
as technological capability or the availability of in-
ternal funds, and by entrepreneurial characteristics, 
such as university education.

Three of the seven strategic variables we selected 
(technological capability, sales and the number of 
joint R&D projects with universities) show statis-
tically signifi cant signs in our models. Technologi-
cal capability shows a signifi cantly positive sign in 
each regression, suggesting that it augments the lev-
el of R&D investment. Sales also show signifi cantly 
positive signs in our results, implying that the avail-
ability of internal funds is an important determinant 
of R&D investment in Japanese NTBFs. This is par-
ticularly so since venture capital funding in the ear-
ly stage of a fi rm’s development is diffi cult to attract 
in Japan. Indeed, our results showed that venture 
capital funding is insignifi cant in our regressions, 
suggesting that venture capital is not important in 
stimulating R&D investment in new Japanese fi rms. 
This has been borne out in several other studies. Re-
search with universities, however, is positively re-
lated to company fi nanced R&D. This suggests that 
joint R&D with universities and in-house R&D are 
complementary, and a fi rm may have to conduct ad-
ditional R&D to absorb knowledge effi ciently from 
universities. Surprisingly, the variable TOKYO did 
not show statistically signifi cant signs in our regres-
sions. We could not fi nd evidence that technology 
start-ups enjoy positive externalities from their lo-
cation where many fi rms concentrate. This may be 
owing to the relatively small number of fi rms in our 
sample (145), or because there is a tendency for 
such technology-based fi rms to collaborate instead 
with universities, which we were able to capture in 
our regressions.

Regarding the entrepreneurial characteristics, a 
CEO’s educational background and prior experi-
ence in an R&D function both show signifi cantly 
positive coeffi cients in the regressions. These re-
sults suggest that universities play a role in fi rms’ 
R&D investments; the former result is a direct ef-
fect of higher education, while the latter implies at 
least a tertiary education in order to have such prior 
R&D experience.  The results for these two vari-
ables, coupled with the fi nding that joint R&D pro-
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jects with universities is positively related to R&D 
investment, lead us to conclude that universities im-
pact on R&D investments in NTBFs, both directly 
and indirectly.

Finally, we refer to limitations in our analysis. 
Firstly, we were unable to examine the determinants 
of R&D investment in fi rms that did not conduct 
such investments in the year under consideration. 
Reports from the Japanese government indicate that 
many small fi rms in Japan do not conduct in-house 
R&D – usually undertaking collaborative R&D in-
stead - because of the lack of managerial resources 
and fi nance. Unfortunately, the results of our survey 
did not allow us to examine what differences there 
are between research-based fi rms and those less 
inclined to pursue research activities. This may be 
a topic for future examination when data on such 
fi rms becomes available. Secondly, our defi nition 
of new technology-based fi rms may be too broad. 
As such, we were unable to consider the effects of 
industry characteristics on R&D investment, one of 
which is the degree of appropriability in each indus-
try. How these differences between industries alter 

the level of R&D investment in start-up fi rms may 
also be an interesting topic for further research. 

Another limitation, which we recognise, is that 
the R&D variable measures only inputs to the R&D 
process, not intermediate-stage outputs such as pat-
ents or the commercialisation of products. If venture 
capital fi nancing is generally beyond the seed stage, 
and R&D is an input to the innovation process, and 
therefore occurs early, it is more likely that venture 
capital will be linked to later stage innovation vari-
ables like product introductions. R&D investment 
may even lead to venture capital fi nancing, because 
such fi rms are more attractive to venture capital 
companies. In addition, location may provide ad-
vantages for later-stage outcomes, such as product 
introductions, for example, because of proximity to 
partnering fi rms or suppliers.

Nevertheless, we have made an attempt to exam-
ine some strategic and entrepreneurial character-
istics of NTBFs in Japan, a fi eld that has hitherto 
been largely unexplored because of insuffi cient up-
to-date data.

Table 1 List of Variables

Variable Defi nition

St
ra

te
gy

- l
ev

el

RD Natural logarithm of R&D expenditure in year Yn

TC Technological capability: researchers to total employees in year Yn-1

SALES Natural logarithm of sales in year Yn-1 (in ¥ millions)

VC Share of venture capital funds in total initial funds 

B_PLAN Dummy variable: = 1 if a fi rm makes business plans

JRDU Number of joint R&D projects with universities

TOKYO Geographical dummy: = 1 if a fi rm is located in Tokyo.

F_AGE Number of years passed since a fi rm was founded

En
tre

pr
en

eu
ria

l- 
le

ve
l UNIV_G Set to 1 if CEO graduated from a post-graduate programme

EXP_RD Dummy variable: = 1 if CEO has experience working in R&D

ENTRE Dummy variable: = 1 if CEO is also the founder of the fi rm

M_AGE Age of current CEO

EXP_CEO Dummy variable: = 1 if CEO has prior experience running other fi rms

NWK Dummy variable: = 1 if CEO engaged in network with other researchers 
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Table 2 Summary Statistics

No. of Obs. Mean S.D. Min. Max.

RD 145 2.290329 1.720286 0 9.047821

TC 145 .1638196 .1681251 0 1

SALES 145 5.39249 1.452815 1.791759 10.74628

VC 145 .0008276 0099655 0 .12

B_PLAN 145 .262069 .4412843 0 1

JRDU 145 .8 2.036473 0 15

TOKYO 145 .2206897 .4161491 0 1

F_AGE 145 5.537931 2.6823 0 9

UNIV_G 145 .0482759 .2150915 0 1

EXP_RD 145 .5517241 .4990412 0 1

ENTRE 145 .8413793 .3665883 0 1

M_AGE 145 51.67586 8.018107 22 76

EXP_CEO 145 .1448276 .3531468 0 1

NWK 145 .3862069 .4885666 0 1
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Table 3 Estimated Results: Tobit Regressions

(1) (2) (3) (4) (5)

TC
      .2.658***

(.7275)
      2.665***

(.7462)
      2.613***

(.7470)
      2.636***

(.7553)
      2.659***

(.7569)

SALES
      .6609***

(.0995)
      .6590***

(.0961)
      .6397***

(.1021)
      .6598***

(.1045)
      .6562***

(.1048)

VC
16.68

(12.68)
15.54

(12.54)
15.58

(12.49)
17.25

(12.66)
16.42

(12.81)

B_PLAN
.5008

(.3022)
.5259*
(.3000)

.4812
(.3034)

.4381
(.3159)

.4677
(.3242)

JRDU
      .1835***

(.0616)
      .1882***

(.0616)
      .1811***

(.0618)
      .1575***

(.0671)
      .1552***

(.0673)

TOKYO
.2127

(.3135)
.2058

(.3195)
.1492

(.3225)
.1733

(.3253)
.1662

(.3255)

F_AGE
-.0126
(.0512)

-.0053
(.0513)

-.0130
(.0514)

-.0135
(.0522)

-.0111
(.0525)

UNIV_G
      1.399***

(.5697)
      1.413***

(.5723)
      1.427***

(.5710)
     1.331**

(.5864)
     1.322**

(.5864)

EXP_RD
     .5393**

(.2664)
     .4804**

(.2649)
     .5375**

(.2467)
     .5331**

(.2740)
     .5447**

(.2753)

ENTRE
-.3319
(.3680)

-
-.3504
(.3694)

-.3255
(.3768)

-.3249
(.3763)

M_AGE
- .0132

(.0164)
.0152

(.0166)
.0141

(.0168)
.0130

(.0169)

EXP_CEO - - - -
.1529

(.3818)

NWK - - -
.2816

(.3072)
.2697

(.3084)
CONST       -2.724***

(1.152)
      -3.774***

(1.275)
     -3.377**

(1.367)
      -3.506***

(1.389)
      -3.450***

(1.394)
Industry 
Dummies

YES YES YES YES YES

Pseudo R^2 0.145 0.143 0.146 0.148 0.148

No. of Obs. 149 150 148 145 145

Note: The logarithmic transformation of the dependent variable (R&D) uses a linear transformation of 
((RD+1)*10).  The Tobit censoring boundary is set to correspond to a zero observation.  Standard error is 
in parentheses.  *, ** and *** show statistical signifi cance at the 10 percent, 5 percent and 1 percent levels.
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