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Abstract

It is well documented that knowledge based capital (KBC) is a driver of economic growth and
development and that knowledge acquired through scientific research and development (R&D) is
one important component of KBC. In this paper we examine the importance of R&D to a firm
for exploring new business opportunities using information from the AEGIS database. We find
that, among other things, human capital measured in terms of the educational background of the
firm’s founders is a positive and statistically significant covariate with the importance of R&D.
We conclude the paper with public policy recommendations for enhancing the educational

component of the human capital resource base of firms.
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R&D as an Investments in Knowledge Based Capital

I. Introduction

A recent report issued by the OECD (2013b) documents clearly the importance of knowledge
based capital (KBC) as a driver of economic growth and development. According to OECD (p.
22):

Knowledge-based capital comprises a variety of assets. These assets create future benefits
for firms but, unlike machines, equipment, vehicles and structures, they are not physical.
This non-tangible form of capital is, increasingly, the largest form of business investment

and a key contributor to growth in advanced economies.

The OECD report also acknowledges (p. 17) that firm investments in KBC help boost growth
and productivity and transform the resources used to make firms competitive. Countries that
invest more in KBC are more effective in reallocating resources to innovative activities, and that

reallocation brings about an increase in their market value.

Corrado et al. (2005) emphasized that knowledge acquired through scientific research and
development (R&D) and subsequent creative activities are important components of KBC.
There is significant evidence that private sector investments in R&D are an important driver of
economic growth and development, and R&D is one element of KBC that can be enhanced
through public policy.! Corrado et al. (2005) define three categories of assets that make up KBC
and create future benefits for firms. They are computerized information (e.g., software,
databases); innovative property (e.g., R&D, patents); and economic competencies (e.g., firms-

specific human capital, networks).?

! However, evidence suggests that in some countries— China (Hulten and Hao 2011), India (Hulten et al. 2012), and
Brazil (Dutz et al. 2012), for example—R&D investments are not the only component of KBC.
2 See OECD (2013b) for a review of country estimates of KBC.
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In this paper we examine one dimension of KBC, namely investments in in-house R&D. More
specifically, we examine the importance of investments in in-house R&D for exploring new

business opportunities.

Our approach to understanding the R&D component of KBC begins at the entrepreneurial level,
our approach to formulating policy recommendations for enhancing that component begins with
a theoretical and empirical analysis of covariates with R&D. Identifying and understanding
these covariates might identify potentially relevant policy target variables, and those target

variables might engender relevant policy recommendations.

We view reliance on R&D as an indicator of entrepreneurial action; investments in R&D are a
purposeful activity by firms to enhance the creative dimensions of their economic growth
strategy.> And, following the theoretical arguments of Lazear (2005) and Leyden and Link
(2015), it is the human capital within a firm that is a critical determinant of its effort to pursue

such action.

From a methodological perspective, we rely on a rich and unique database related to knowledge
intensive entrepreneurial firms to examine empirically the relationship between human capital

and the importance of investments in R&D activity for exploring new business opportunities.

We are aware that investments in R&D are not the only component of KBC and that the results
from such investments are multifaceted in the sense that technical knowledge is not only a basis
for new business opportunities, but also it leverages a firm’s ability to be competitive. That said,
the empirical evidence nevertheless shows a strong positive cross-country relationship between
annual changes in multi-factor productive and R&D investments as a percentage of GDP

(OECD, 2013a).

However, there is a conspicuous void of empirical evidence on covariates with cross-country

investments in R&D, and we argue that such evidence is needed to begin to promulgate

3 There are volumes of academic studies, at all levels of aggregation, showing that investments in R&D are a driver
of economic growth and development. See, for example, Link and Siegel (2003) and Hall and Rosenberg (2010).
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meaningful growth policies. We attempt to begin to fill this void by identifying systematically
across European countries and industrial sectors covariates with investments in R&D for the

purpose of making policy recommendations for economic growth and development.

In Section II we describe the AEGIS database, which is the basis for our empirical analysis.
That database contains information about the importance of a firm’s in-house R&D activities for
their pursuit of new business opportunities, information about the human capital embodied

within each firm, and other firm characteristics.

In Section III we present our analytic framework and discuss the relevant variables of interest to
explain cross-firm differences in the importance of R&D activity. Descriptive information on all
variables, as well as our econometric findings, are presented. We find that, among other things,
human capital, measured in terms of the educational background of the firm’s founders, is a

positive and statistically significant covariate with the importance of R&D.

The paper concludes in Section IV with a brief summary and discussion about potential policy to
enhance in-house investments in R&D by enriching the human capital embodied in the firm. In
particular, we build on the U.S. experience of creating and operationalizing the Manufacturing
Extension Program (MEP) to transfer public-sector knowledge to small- and medium-sized firms
to help them identify, adopt, and adapt new technologies to enhance their competitiveness.
Building on the MEP concept we suggest, based on our empirical findings, that European nations
create infrastructures to similarly enhance the human capital of each entrepreneur and thus build

his/her firm’s KBC.

Il. The AEGIS Database

The AEGIS project was funded by the European Commission under Theme 8 “Socio-Economic
Sciences and Humanities” of the 7" Framework Programme for Research and Technological
Development. The focus of the project was on knowledge intensive entrepreneurship (KIE)
under the assumption that KIE is one potential means through which to obtain economic growth

and societal well-being.



According to AEGIS (2012, p. 4):*

Knowledge-intensive entrepreneurship is [the] core interface between two interdependent
systems: the knowledge generation and diffusion system, on the one hand, and the
productive system, on the other. Both systems shape and are shaped by the broader
social context—including customs, culture and institutions—thus also pointing at the

linkage of entrepreneurship to that context.

The AEGIS database contains information on 4,004 businesses established between 2002 and
2007 across 10 European countries. The countries represented are (alphabetically): Croatia,
Czech Republic, Denmark, France, Germany, Greece, Italy, Portugal, Sweden, and the United
Kingdom (UK). Across these countries a number of high-tech, low-tech, and knowledge-
intensive business services sectors are represented. See Table 1.

The database contains information on a number of aspects about the firm and its
environment. These include general information such as the number of full-time employees;
information about the firm’s founding team such as education and experience; the process by
which the firm was formed (e.g., whether it grew from an existing firm); the firm’s market
environment such as whether it is in a competitive market; and the firm’s strategy including its
sources of knowledge, business model (e.g., how it protects its intellectual property), and

performance (e.g., the effect of the economic crisis).
Insert Table 1 about here
The firms in the AEGIS database are not a random sample of European firms. In order to have a

large enough sample to study firms in all countries, firms in smaller countries (e.g., Croatia and

the Czech Republic) were sampled at a higher rate than firms in larger countries (e.g., France and

4 Malerba (2010, p. 4), for example, defines knowledge-intensive entrepreneurship in the following manner.
“Knowledge-intensive entrepreneurship concerns new ventures that introduce innovations in the economic systems
and that intensively use knowledge. From this broad definition, it follows that knowledge-intensive
entrepreneurship may take place in various ways: through the foundation of new firms or through the display of
entrepreneurial spirit with existing firms or through the action of single individuals within non-profit organizations
such as universities or public laboratories.”



Germany). To account for this non-random sampling, unless otherwise noted, sample weights

are used in the analyses.’

I11. The Analytical Framework and Findings

The concept of interest in this paper relates to a firm’s investments in R&D. The AEGIS
database contains a key datum that focuses on investments in R&D, and it places those
investments in the context of a source of knowledge for growth, that is, for exploring new
business opportunities. We are aware, as discussed above, that a firm’s investments in R&D do
not capture all of its investments in KBC, but unfortunately we do not know the extent to which
other non-R&D investments are part of its KBC. Yet, from a policy perspective, investments in
R&D are a reasonable target variable, and from a pragmatic perspective, investments in R&D are

the only KBC investments that we are able to measure.

The relevant AEGIS survey question is:

Please evaluate the importance of knowledge from your in-house R&D laboratories for
exploring new business opportunities using a scale of 1 = not important to 5 = extremely

important.

For interpretative ease we collapse responses to this key survey question into a binary variable.
A response of “17, “2”, or “3” was coded as “0”, and a response of “4” or “5” was coded as “1”.
Thus, our empirical analysis focuses on the probability that a firm agreed (= 1) or disagreed (= 0)

that knowledge from in-house R&D is important for exploring new business opportunities. In

5> As described in Caloghirou et al. (2011), the sampling process was challenging due to the desire to have adequate
representation of smaller countries and across industries. The final sampling frame consisted of 202,286 firms, and
the database includes information on 4,004 firms. The probability of inclusion ranges from 0.0099 (France) to 0.083
(Croatia), and the sampling weights are the inverse of the probability of inclusion. Our results are not sensitive to the
use of sampling weights.

® We thank an anonymous referee for raising the point that there might be response bias throughout the AEGIS
database due firm preferences being correlated with human capital. This is an insightful observation, and it is one
that plagues all survey-based data. We did not adjust for this possibility for two reasons. First, Caloghirou et al.
(2011), who are the most familiar with the AEGIS database, did not raise this as an area of possible concern.
Second, and this is a pragmatic concern, there is no theoretical reason to select one variable over another on which
to normalize since that variable itself might suffer from response bias.
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the subsequent discussion we will refer to these outcomes as the firm believing that in-house

R&D is or is not important.

We hypothesize that the importance of R&D to exploring new business opportunities is related to
the human capital embodied in the founder(s), characteristics of the firm, market characteristics,
the sector of the economy in which the firm operates, and country-specific characteristics and

policies.

Following the theory of Lazear (2005) and Leyden and Link (2015), our covariates of interest
relate to the human capital embodied in the firm. Specifically, we measure human capital in
terms of the education and experience of the founders of the firm.” Education is measured with
two variables. The first is the share of founders whose highest degree is a bachelors, and the
second is the share of founders whose highest degree is a graduate degree or a Ph.D. Experience

is measured as the average years of experience the founders have in the same sector as the firm.

We also hold constant in some of our analysis firm-specific variables, market-specific variables,
and indicators for a high-tech industry and knowledge intensive business services (KIBS). Firm-
specific variables are age of firm, size of the firm as measured by the log of number of
employees, and an indicator if the firm was founded by multiple individuals.® Market variables
include an indicator if the firm operates in a competitive market, an indicator if the firm has a
monopoly position, the share of sales from the national market, and the share of sales from the
international market. Definitions and basic descriptive statistics for the analysis variables are
reported in Table 2. As noted in Table 2, the analysis sample has 3,472 observations. The

remaining 522 observations were deleted due to missing data on one or more analysis variables.’

Insert Table 2 about here

7 The AEGIS includes data on up to four founders.

8 Employment is measured in logs because it takes on large integer values and has a long right tail. See: Wooldridge
(2009).

? Fifty-seven observations are missing information needed to determine the number of founders; 362 are missing
information on the education of one or more founders; 207 are missing information on the experience of one or more
founders; and 147 are missing information on employment. These add to more than the 522 observations that are not
usable because some observations are missing information on more than one variable.
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Table 3 explores the differences in the explanatory variables separately for firms that report
inside R&D is important and for those that report it is not. There are statistically significant
differences in education but not in experience. Firms with a higher share of graduate degree
holders and a lower share of bachelor degree holders are more likely to report that inside R&D is
important. Similarly, larger firms, firms with multiple founders, firms that report few
competitors, and firms with larger shares of national and international sales are more likely to
report that inside R&D is important. On the other hand, firms that report having many

competitors are more likely to report that inside R&D is not important.

Insert Table 3 about here

While there are a number of statistically significant differences when comparing means, Table 3
considers each variable in isolation. To gain a more complete understanding of the relationship
between human capital, firm, market, and industry characteristics on the one hand and the

importance of inside R&D, on the other hand, we turn to multivariate models.

To examine empirically the influence of the variables in Table 2 on the probability that a firm
views its in-house R&D as important (R&D=1) for exploring new business opportunities, we
estimate the parameters of a number of probit models. The results for two models are presented
in Table 4. The table entries are average marginal effects (Wooldridge, 2009). For example, the
0.058 in the first row of column 1 indicates that increasing the share of founders with bachelors
degrees from 0 to 1 increases the estimated probability that in-house R&D is important by 0.058
percentage points. All of the analyses include country-specific indicator variables to capture
unmeasured country-specific characteristics that remain constant over time.!® When interpreting
the results, it is important to bear in mind that the nature of the data is such that we are unable to
account for potential endogeneity of covariates such as founder education. Thus, the estimates

should be interpreted as correlations rather than causal effects.

10 The country-specific marginal effects are not presented in the tables because they are not directly interpretable.
The full results are available from the authors by request.



Insert Table 4 about here

The results from two specifications of the basic model are presented in Table 4.!' The
specification in column (1) includes only the human capital variables. The results indicate that
founder education, but not experience, is related to the probability that in-house R&D is viewed
as an important source of knowledge for exploring new business opportunities. The estimated
effect for graduate education (gradedu) is estimated to be approximately twice the effect of

bachelors education (bachedu).

In addition to founder human capital, firm and market characteristics may affect the importance
of in-house R&D. To explore the roles that these other variables play, and whether the inclusion
of firm and market variables affect the estimated effects of the human capital variables, the

second column of Table 4 includes firm, market, and industry variables.

Among the human capital variables, the estimated effect of the share of founders with a
bachelors degree (bachedu) is essentially unchanged, but the estimated effect of graduate or
PhDs falls (gradedu). Nonetheless, the effect of graduate education remains strongly significant

and larger than the effect of bachelors degrees. '

For the firm-specific variables held constant in this specification, the age of the firm (firm age) is
negative and statistically significant; and the size of the firm, measured in terms of the log of
number of employees (Inemp), is positive and statistically significant. The negative influence of
firm age might have an economic interpretation. Perhaps the negative influence of firm age
reflects the fact that the KIE-based firms in the AEGIS database were formed on the basis of new

technology-based ideas, and over time they have refined their ideas and their technologies as

' All of the multivariate analyses use weights that adjust for non-random sampling and missing data. Our
conclusions are not sensitive to the use of weights, and the unweighted results are available from the authors by
request.

12 We thank an anonymous referee for suggesting that the impact of human capital (i.e., founder's education) might
have a differential effect across firms of varying ages. It make sense that in older firms the embodied experience
throughout the firm might dampen the impact of the education of the founders—a learning by doing concept. This
might have been statistically noticeable if our sample included firms across an entire age spectrum, but as shown in
Table 2, our sample is of relatively young firms between the ages of 4 and 11 years. The probit coefficients on the
interaction terms were not significant. These results are available from the authors by request.
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opposed to investing R&D in a new technology-based strategies. To the extent that firm size
proxies the internal resources available to complement investments in R&D as an entrepreneurial

effort, then the positive influence of size makes sense.

Among the market-specific variables, the importance of R&D is significantly less if the firm
operates in a competitive environment (compet) compared to operating in a market with only a
few competitors (the omitted category). Firms that report having no other business competitors
(monop) are estimated to have a higher probability of believing that inside R&D is important, but
this relationship is not statistically significant. At the same time, there is existing evidence that
the relationship between innovation and competition has an inverted-U shape (e.g., Aghion et al.
2005). One possible reason for this difference is that the AEGIS data are a cross-section rather
than a panel. Thus we are unable to disentangle the possibility that R&D resulted in monopoly

status from the possibility that being a monopoly causes the firm to invest in R&D.

The importance of R&D is greater the larger the share of its sales in national and international
markets (compared to local or regional markets), and that effect is statistically significant.
Finally, the estimated effects of sector show that being in the high-tech or KIBS sectors is
positively related to believing in-house R&D is important though the effect is only marginally

significant for firms in the KIBS sector.!> 14

13 We thank an anonymous referee for suggesting that we consider alternative definitions of the dependent variable.
Specifically, we consider the case where it takes on a value of “1” if the response was a “1” or a “2” and the case
where it takes on a value of “1” if the response was only “5”. The results using these alternative definitions of the
dependent variable are qualitatively similar to the results reported in the paper. The key difference in terms of the
role of human capital is that the share of founders with a bachelors degree becomes statistically insignificant using
the latter definition. Firm age, firm, size, competitive market, and KIBS also become smaller and insignificant while
being a monopolist becomes larger and statistically significant in this specification. The full results for these
specifications are available from the authors by request.

14 We also considered estimation by OLS and ordered probit, at the suggestion of the editor. The OLS estimates are
almost identical to the probit marginal effects. The ordered probit estimates are similar to the probit estimates with
the following exceptions: the coefficients on share of founders with a bachelors education and firm age are not
statistically significant in the ordered probit model, and the coefficient on monopoly becomes statistically
significant. The ordered probit results are notable because the marginal effects for the two highest choices on the
Likert scale have the same sign for almost all variables while the marginal effects for the 3 lowest choices have the
same sign which is opposite the sign of the two highest choices. Although not a formal test, this result lends
credibility to our decision to define the dependent variable equal to 1 for the two highest responses and equal to 0
otherwise. These results are available from the authors by request.

10



To this point, the analysis assumes that effects of human capital, firm, and market characteristics
are equivalent regardless of industry. However, the effects of human capital and other
characteristics on the importance of in-house R&D may differ by sector. To explore this
possibility, the model in column (2) of Table 4 was re-estimated by industry sector, and the

results are reported in Table 5.

Interestingly, these results show that the share of the founders with graduate education is
associated with believing in-house R&D is important for firms in the low-tech and high-tech
sectors but not KIBS. Additionally, experience is estimated to be positively and weakly

statistically significantly related to the importance of in-house R&D for low tech firms.

Insert Table 5 about here

Firm size is positively and statistically significantly related to in-house R&D for KIBS firms.
Regarding the market-specific variables, geographic market share continues to be significant but
only among high-tech sector firms and KIBS sector firms. While these results show some
potentially interesting differences among the sectors, they also highlight the fact that estimating

sector specific models results in smaller sample sizes and reduced precision of the estimates.

IV. Concluding Remarks

Others have acknowledged—conceptually and in terms of the level of such the dollar
investments—the importance of R&D as an element of KBC at the country level (e.g., Miller and
Atkinson 2015, and the references cited above). Their approach to understanding the role of
R&D in economic growth and development is clearly informative and important. In this paper
we have attempted to broaden the academic discussion about R&D as an element of KBC by
analyzing its importance at the firm level. To investigate cross-firm difference in relative
importance we relied on information in the AEGIS database with an emphasis on cross-firm
differences in the human capital embodied in the firm. Held constant in our analyses are other

firm-specific, market-specific, industry-specific, and country-specific effects.
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We offer the following policy recommendations under the maintained assumptions that R&D is a
driver of economic growth and development and that economic growth and development is an
important element of the objective function of policy makers. We make these recommendations
fully aware that R&D is not only one dimension of KBC but also only one driver of economic

growth.!> Thus, our policy recommendation should be interpreted in light of these caveats.

We focus on human capital as the target variable for formulating policy recommendations.
Regarding our focus on human capital, OECD (2013a, p. 10) emphasized: “Growing business
investment in KBC amplifies the importance of getting human capital policies right. Human
capital is the foundation of KBC.” Our findings show, across a number of alternative
specifications, that the education of founders, as opposed to their experience except among firms
in the low-tech sector, is a statistically and economically important covariate with the importance

of R&D to the firm as a knowledge source for exploring new business opportunities.

To the extent that the educational background of founders represents an informational base on
which the firm can draw to take advantage of the tacit and codified knowledge gained from in-
house R&D, a policy question that might be relevant is: How can the public sector enrich the
information base of small and relatively young firms?'® One possible policy response to this
question could be to establish technology-based information centers throughout countries to act

as a public resource for firms to use to enhance their in-house R&D efforts.

In making this recommendation we reflect on the Hollings Manufacturing Extension Partnership
(MEP) within the U.S. National Institute of Standards and Technology (NIST).!” MEP is made
up of regional centers that are designed to help smaller, U.S.-based manufacturing companies

identify and adopting new technologies.

15 This point has also been emphasized by OECD (2013a, p. 7): “The breadth of the assets that make up KBC points
to the need for policy makers to adopt an enlarged concept of innovation, beyond the conventional view in which
R&D is pre-eminent. Other assets such as organisational capital and design, and the ability to create value from data,
are important arenas of innovation and productivity growth that often require specific policy action.”

16 Recall from Table 2 that the weighted mean size of a firms in our final sample of firms from the AEGIS database
is 11 employees and the weighted mean age of a company is 7 years.

7 NIST is part of the U.S. Department of Commerce. See: http://www.nist.gov/mep/about/index.cfim.
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In response to the productivity slowdown in the United States in the early- and then again in the
late-1970s and early-1980s, Congress passed a number of technology-related initiatives to
reverse the slowdown.'® One such initiative was the passage of the Omnibus Trade and

Competitiveness Act of 1988. This act created MEP.

The premise behind the creation of MEP is that a more effective transfer of public sector
expertise (i.e., public sector human capital), particularly that found at NIST, to small- and
medium-sizes firms will enhance their competitiveness especially in international markets. In
addition, knowledge about that technology that is best suited to the individual requirements of a
firm, will reduce their search time and costs. These knowledge transfers can best be

accomplished through a manufacturing extension system. As summarized by Schacht (2013, p.

1):

The improved use of technology by small and medium-sized businesses is seen as
important to the competitiveness of American manufacturing firms. How a product is
designed and produced often determines costs, quality, and reliability. Lack of attention
to process technologies and techniques may be the result of various factors, including
finances, absence of information, equipment shortages, and/or undervaluation of the
benefits of technology. The purpose of the centers program is to address these issues
through outreach and the application of expertise, technologies, and knowledge

developed within the manufacturing research activities of the federal government.

The foundational concepts present in the creation of MEP were reiterated in Manufacturing
Strategy Act of 1991. Therein, the nexus between investments in human capital and investments
in new technology were emphasized: the act would “improve the education and training of U.S.

engineers, technicians, and workers in modern manufacturing techniques.”

This same organizational structure might be relevant for providing information about dimensions

of the R&D process, thus making firm investments in R&D a more effective source of

18 See Bozeman and Link (2014) and Leyden and Link (2015) for an overview of these policy initiatives.
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knowledge, especially for young KIE companies.'® In particular, the more information that can
be shared with KIE companies, especially those that are young or nascent, the likelihood that

they will succeed in their innovative efforts increases.

As Gicheva and Link (2015) showed, nascent firms are more likely to have their research fail for
technical reasons than are more established firms, but those nascent firms whose R&D does not
fail are more likely to commercialize their R&D based technologies than are more established
firms. This information might originate from the public sector directly or through networks that
the public sector helps to develop. The result might be, for entrepreneurs in KIE companies, an
increase in human capital which, as our empirical findings suggest, might increase the

importance of R&D investments for exploring new opportunities.

1% Following Link and Maskin (2015) it can be shown theoretically that the expected net return to a company’s
investment in in-house R&D will be greater if the company receives from an external source relevant information
about the technology being developed. In the Link and Maskin model the external source is NASA; in the case
relevant to this paper the external source would be an MEP-like organization.

14



Table 1
Distribution of AEGIS Firms by Country and Sector

Country Sector Total
High-Tech® Low-Tech® KIBS®
Croatia 35 115 50 200
Czech Republic 25 92 83 200
Denmark 34 69 227 330
France 68 196 306 570
Germany 67 160 330 557
Greece 22 184 125 331
Italy 57 316 207 580
Portugal 31 170 130 331
Sweden 34 108 192 334
United Kingdom 47 192 332 571
Total 420 1,602 1,982 4,004

Source: Caloghirou et al. (2011) and the AEGIS database.

2 High-tech sector includes aerospace; computers and office machinery; radio-television communication equipment;
manufacture of medical, precision and optional instruments; pharmaceuticals; manufacturer of electrical
machinery and apparatus, manufacturer of machinery and equipment, chemical industry.

b Low-tech sector includes paper and printing; textile and clothing; food, beverage and tobacco; wood and
furniture; basic metals; fabricated metal products.

¢ Knowledge-Intensive Business Services (KIBS) includes telecommunications; computer and related activities;
research and experimental development; selected business services activities.
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Table 2
Definition of Variables

Unweighted  Weighted
Variable Definition Mean Mean Range

R&D =1 if the respondent survey agreed that 0.5259 0.5387 0/1
knowledge from in-house R&D is
important for exploring new business
opportunities;
= ( otherwise

Human Capital Variables

bachedu? = share of the founders of the business 0.2294 0.1538 0-1
with a bachelor’s degree
gradedu® = share of the founders of the business 0.3434 0.3971 0-1
with a graduate degree
exper® = average experience of founders 12.551 12.696 0-55
Company Variables
firm age = age of the business (2011-year 7.074 6.957 4-11
established)
emp® = number of employees in 2011 12.971 11.394 1-841
multfounders = | if multiple founders; 0.6054 0.6024 0/1
= 0 otherwise
Market Variables
compet? = 1 if the business operates in a 0.5896 0.5783 0/1
competitive market;
= 0 otherwise
monop® =1 if the business operates has a 0.0671 0.0709 0/1
monopoly position in its market;
= 0 otherwise
natlshare’ = share of sales from national market 0.4188 0.3994 0-1
intlshare® = share of sales from international market 0.1431 0.1279 0-1
high-tech” = 1 if industry is high tech 0.1031 0.1051 0-1
= 0 otherwise
KIBS' =1 if industry is KIBS 0.4965 0.5052 0-1
= 0 otherwise
Notes:

2 The survey question is: What is the highest academic qualification of each of the founder(s) (up to 4 founders)?

b The survey question is: Approximately how many years of professional experience did the founder(s) have in the
same sector before the establishment of this company (up to 4 founders)?

¢ emp = number of founders + number of full time employees + %2 number of part-time employees.

4 Answer “Yes, many business competitors.” to the survey question is: Right now, are there many other businesses
that offer the same products or services to your potential customers?

¢ Answer “No other business competitors.” to the survey question is: Right now, are there many other businesses
that offer the same products or services to your potential customers?

f The survey question is: What percent of your sales come from the national market?

¢ The survey question is: What percent of your sales come from the international market?

" NACE rev. 1.1 code = 35.3, 30, 32, 33, 24, 31, or 29.

i NACE rev. 1.1 code = 64.2, 72, 73, 74.1, 74.2, 74.3, 74.5, or 74.8

16



Table 3
Means of Explanatory Variables by Importance of R&D

Variable Not Important Important
bachedu 0.174 0.137%%*
gradedu 0.368 0.422 ***
exper 12.727 12.668
firm age 6.982 6.936
Inemp 1.723 2.016%**
multfounders 0.562 0.637***
compet 0.606 0.555**
monop 0.058 0.082**
natlshare 0.377 0.419%**
intlshare 0.104 0.148%***
high-tech 0.102 0.108
KIBS 0.504 0.506
Sample Size 1,646 1,826
Population Size 93,319 108,966

Notes: *** difference in means significant at the .01-level, ** difference in means significant at the .05-level,*
difference in means significant at the .10-level.
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Table 4
Marginal Effects from Probit Models of the Probability that In-house R&D is Important

Variable (1) 2)
bachedu 0.058" 0.059"
(0.032) (0.032)
gradedu 0.12 0.085™"
(0.024) (0.025)
exper 0.0012 0.00055
(0.0012) (0.0012)
firm age - -0.0092™
(0.0046)
Inemp - 0.032"
(0.012)
multfounders -- -0.0071
(0.022)
compet - -0.042™
(0.021)
monop -- 0.051
(0.041)
natlshare - 0.068™
(0.026)
intlshare - 0.13°
- (0.040)
high-tech - 0.021
(0.034)
KIBS - 0.043"
(0.023)
Country Effects Yes Yes
Wald 266.59 301.14
p-value 0.0000 0.0000

Notes: Robust standard errors in parentheses. n=3,472. *** significant at the .01-level, ** significant at the .05-
level, * significant at the .10-level.
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Table 5
Marginal Effects from Probit Models of the Probability that In-house R&D is Important, by
Industry Sectors

Variable Low-Tech High-Tech KIBS
bachedu 0.056 -0.020 0.039
(0.049) (0.098) (0.047)
gradedu 0.13™ 0.16™ 0.030
(0.043) (0.070) (0.036)
exper 0.0031° -0.0047 -0.00083
(0.0018) (0.0031) (0.0018)
age -0.012" 0.014 -0.0089
(0.0072) (0.013) (0.0066)
Inemp 0.021 0.056 0.042™
(0.019) (0.039) (0.017)
multfounders -0.011 -0.035 -0.0039
(0.034) (0.061) (0.031)
compet -0.051 -0.077 -0.025
(0.034) (0.059) (0.030)
monop 0.046 0.094 0.033
(0.066) (0.087) (0.060)
natlshare 0.050 0.15° 0.085™
(0.041) (0.082) (0.037)
intlshare -0.00012 0.22" 020"
(0.068) (0.098) (0.057)
Country Effects Yes Yes Yes
Wald o (20) 149.82 63.27 156.22
p-value 0.0000 0.0000 0.0000
N 1,390 358 1,724
Notes: Robust standard errors in parentheses. N=3,472. *** gignificant at the .01-level, ** significant at the .05-
level,

* significant at the .10-level.
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