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We model investment in entrepreneurial human capital (EHC)—the representa-
tive enterprise’s share of production capacity allocated to investment in innovative
industrial and commercial knowledge—as a distinct channel through which firm-
specific human capital drives endogenous growth. Ourmodel suggests that institu-
tional factors supporting free markets for goods and ideas and higher-educational
attainments of entrepreneurs and workers enhance endogenous economic growth
by augmenting the efficiency of investment inEHCrather than exclusively by them-
selves. We test these implications, using data from Global Entrepreneurship Mon-
itor’s Adult Population Survey of 63 countries over 2002–10, and find robust sup-
port for these hypotheses.
I. Introduction

The relation between entrepreneurship and economic growth has been the
subject of a voluminous literature. The literature has its origins in the clas-
sical work of FrankKnight’s (1921) risk-bearing theory of entrepreneurial
action and Joseph Schumpeter’s (1942) theory of innovation where en-
trepreneurship and competition fuel growth through creative destruction.
This paper’s original version was presented at the conference “The Market for Ideas, Hu
manCapital, and Economic Development” honoring Professor Ronald Coase on receiving a
State University of New York honorary doctorate, held at theUniversity at Buffalo onMay 12
2012. We are indebted to Jinyoung Kim for his helpful editorial work on this paper, to Yong
Yin for helpful comments, and to Bibaswan Chatterjee for dedicated research assistance.
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Entrepreneurial Human Capital and Endogenous Economic Growth 311
Much of the theoretical literature on endogenous growth has focused on
the roleof anR&Dproduction sector that yields vertical orhorizontal prod-
uct innovation and thereby productivity and per capita income growth
(e.g., Stokey 1988; Romer 1990; Aghion and Howitt 1992). However, in
these models the motivating force is the conventional profit maximiza-
tion; entrepreneurship is by and large a hidden factor in these studies. Also,
the bulk of the empirical literature on entrepreneurship and economic
growthhas treatedentrepreneurship as anexogenous variable andeconomic
growth as a resulting change in either the level or the growth rate of per cap-
ita income.1 There is, however, a growing theoretical literature that treats en-
trepreneurship as a distinct choice variable within an endogenous-growth
framework, which we summarize in the literature review section of this
paper (e.g., Schmitz 1989; Iyigun and Owen 1999; Braumerhjelm et al.
2010). A few empirical studies have attempted to treat both entrepreneur-
ship and the growth rate of per capita income as endogenous variables
(e.g., Carree et al. 2002), but these papers have not implemented an
endogenous-growth framework to derive their tested hypotheses.
The distinct feature of our paper relative to the extant literature is that

we treat entrepreneurship as a special form of human capital that is gener-
ated within a representative enterprise and can thus affect both the enter-
prise’s current level of output and its long-term self-sustaining growth po-
tential. The basic thesis is that innovative entrepreneurship can be thought
of as a dynamic store of entrepreneurial knowledge. Modeling that knowl-
edge as firm-specific entrepreneurial human capital (EHC) allows us to
treat its accumulation as an outcome of deliberate and continuing invest-
ments in innovative commercial and industrial knowledge that takes place
at the enterprise level beyond the acquisition of formal schooling. Put dif-
ferently, the thesis identifies investments in innovative entrepreneurial
capital, rather than simply the share of entrepreneurs in the labor force,
as a distinct engine of productivity growth. This specific typeof human cap-
ital, enabled by higher education and institutional factors, complements
more basic channels of human capital formation and links directly mea-
sures of entrepreneurial investments with measures of real output and per
capita income.
Our model distinguishes between two types of entrepreneurial activi-

ties: innovative andmanagerial.Managerial activities focus onutilizing cur-
rent resources to enhance current production, sales, and profits. Inno-
vative activities focus more on entrepreneurial intermediation between
what Coase (1974) calls the “market for goods” and the “market for ideas”
by discovering, absorbing, enhancing, and implementing basic technolog-
ical breakthroughs and turning them into product and process innova-
tions that enhance future profits. Investments in innovative commercial
knowledge are thus inherently an endogenous variable, and as such they
1 See, e.g., Blanchflower (2000), Audretsch and Keilbach (2004), Salgado-Banda (2007),
Braunerhjelm et al. (2010), and Klapper, Amit, and Guillén (2010).

This content downloaded from 128.041.035.171 on September 20, 2017 09:11:40 AM
All use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).



312 Journal of Human Capital

All
are affectedby the entrepreneur’s initial general human capital and ability,
but also by institutional, legal, and economic policy factors affecting the
incentives to generate and translate new knowledge into new goods or
production processes and thereby productivity growth. The accumulated
stock of EHC enhances the effectiveness of both types of entrepreneurial
activities.

We model the influence of the competing roles of investment in EHC
bydeveloping anendogenous-growthmodel of theLucas (1988) andEhr-
lich et al. (1994) type that formalizes the role of EHC as a distinct asset
that enhances the balanced goods-production growth path in the repre-
sentative entrepreneur’s infinitely lived enterprise. At the same time we
specify the process through which EHC can be accumulated through the
entrepreneur’s optimal investment in this asset, whichmaximizes the enter-
prise’s utility as well. In this approach, investment in entrepreneurial capital
becomes a critical factor influencing the current level versus the long-term
rate of productivity and real per capita income growth.

This framework allows us to offer closed-form balanced-growth solu-
tions to the basic control variables of the model and to derive a set of test-
able propositions concerning the determinants of both investments in in-
novative EHC and the latter’s impact on aggregate growth dynamics. The
model implies that the share of the enterprise’s production capacity allo-
cated to innovative entrepreneurship is a driving force behind the enter-
prise’s long-run rate of economic growth, while the complement share al-
located tomanagerial entrepreneurship expands the level of the dynamic
growth path over the transition to a steady state of balanced growth. The
allocation of productive resources between innovative andmanagerial ac-
tivities, in turn, is influencedby predetermined institutional factors as well
as by the entrepreneur’s previously accumulated human capital level.

This analytical framework also allows us to address three challenges fac-
ing the human capital–based endogenous-growth literature. First, the par-
adigm is based on the idea that “human capital”—a store of human knowl-
edge and productive capacity—is the central engine of economic growth,
essentially because knowledge is the only economic asset that is not subject
to diminishing returns (Lucas 1988; Becker, Murphy, and Tamura 1990;
Ehrlich and Lui 1991; Ehrlich and Kim 2007). Studies that have tried to
confirm this idea empirically, however, have met with mixed success when
using alternative schooling-attainments measures as proxies for human
capital. These studies do confirm that general education, or formal school-
ing, raises the level of per capita GDP, but the results concerning school-
ing’s impact on the rate of economic growth have been more mixed (see,
e.g., Barro 1991; Bils and Klenow 2000; Ehrlich 2007). In this study we
aim to get inside the “black box” connecting growth in knowledge with
growth in productivity and real income, by identifying EHC as a special type
of applied industrial and commercial knowledge that can be propagated
through entrepreneurial investments in new products and production pro-
cesses and thus yield sustainableproductivity and incomegrowth.Moreover,
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since innovative entrepreneurship is an intermediary between scientific in-
novations and marketable applications, general human capital, especially
higher education, remains anunderlyingdriver of growth, partly by enhanc-
ing investments in EHC.
Second, as we pointed out above, there has been an extensive empiri-

cal literature investigating the impact of entrepreneurship on economic
growth—both level and rate. But thefindings have also beenmixed (Blanch-
flower 2000; Audretsch and Keilbach 2004; van Stel, Carree, and Thurik
2005; Braunerhjelm et al. 2010; Klapper et al. 2010). In these studies en-
trepreneurship is treated empirically as an exogenous variable and typi-
cally proxiedby the totalnumberof entrepreneurs rather thanby investment
in EHC. This paper aims to test whether the treatment of entrepreneur-
ship as a specific type of human capital could yield more conclusive in-
sights about its role as a determinant of a self-sustaining, balanced-growth
equilibrium.
Third, human capital formation, of any form, is at least in part a prod-

uct of underlying institutional factors and reinforcing economic policies,
as well as a legal environment, governing the return to this asset. We argue
that EHC, as a specific kind of human capital, should indeed be influ-
enced by institutional factors that augment the incentive to both innovate
and produce in a competitive market economy (Ehrlich 2007), thereby
also linking the markets for ideas and goods à la Coase (1974).
The testablehypotheses of themodel are implemented throughanecono-

metric model treating both investment in EHC and economic growth as
endogenous variables. The model is specified as a two-step recursive sys-
tem explaining and linking the rate of investment in EHC and its impact
on per capita income’s dynamic growth path. We test these hypotheses by
using international panels of 17 and 63 countries over the period 2002–
10 and find strong supporting evidence for our basic propositions.
The paper proceeds as follows. Section II reviews the literature that is

most related to our paper. Section III presents an endogenous-growth
model that fleshes out the role of EHC. In Section IV we develop the
econometric model we use to test our theoretical predictions, and in
Section Vwe present our empirical findings. Section VI offers concluding
remarks.
II. Literature Review

Previous literature has analyzed the link between entrepreneurship and
economic growth by using neoclassical or endogenous-growth settings.
We here review a set of these papers that are relevant to our work, which
we group under three broad categories.
A. Papers addressing the correlation between entrepreneurship and economic

growth.—The bulk of the empirical literature on the topic has treated en-
trepreneurship as an exogenous variable in analyzing its effect on the level
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or growth rate of output per capita. Studies focusing on the level effects of
entrepreneurship generally report a positive relationship. Audretsch and
Keilbach (2004) argue that while the concept of entrepreneurial capital is
unobservable, it can be proxied by the number of start-ups in a given re-
gion and report that this variable has a positive impact on GDP across 327
West German regions in the period 1989–92. Utilizing the World Bank
Group Entrepreneurship Survey, Klapper et al. (2010) find that measures
such as business density, entry rate, and entry per capita are positively cor-
related with GDP per capita in 101 countries from 2000 to 2008.

The findings concerning the effect of entrepreneurship on the growth
rate of output, however, aremixed. Some studies find that entrepreneurship
has a positive effect on economic growth (e.g., Braunerhjelm et al. 2010);
others find that entrepreneurship has a negative effect on economic growth
(e.g., Blanchflower 2000); and yet others report both positive and nega-
tive effects (e.g., Salgado-Banda 2007).

The mixed evidence is in part due to different measurements of entre-
preneurship, heterogeneity in the types of entrepreneurs being surveyed,
and variations in the level of development across countries. There is little
consensus about the relevant definition of entrepreneurship.2 Some go
back to Frank Knight (1921), who stresses the risk-bearing aspect of
entrepreneurship, and Joseph Schumpeter (1942), who emphasizes in-
novation as the defining feature of entrepreneurship. Since no coherent
theoretical definition of entrepreneurship has yet been widely accepted,
empirical studies employ different measures, often induced by the avail-
ability of data.Measuresmost frequently used include the self-employment
rate in the population or labor force, business ownership rate, new-business
start-up rate, total early-stage entrepreneurial activity, and the share of small
and medium-sized enterprises or young enterprises among all enterprises.

B. Papers treating growth as endogenous and R&D as an engine of growth.—
This literature is largely an extension of the neoclassical growthmodel in
which technological improvements are exogenous and entrepreneurship
plays no explicit role. In an attempt to endogenize technological innova-
tions at the firm level, these papers include some form of R&D produc-
tion as an engine of endogenous innovation and growth in addition to
goods production.

One strand of this literature introduces vertical-innovation (quality-
ladder) models in which the improvement in product quality serves as
the source of productivity growth and thus of cost reduction per quality
unit and therefore plays the role of the engine of real per capita income
growth (e.g., Stokey 1988; Aghion and Howitt 1992). In Aghion and How-
it’s (1992) model, innovation is formalized as a “creative destruction”
process, adopting Schumpeter’s original thesis. The other strand focuses
on horizontal innovation, with new varieties of goods invented by R&D
2 See Iversen, Jørgensen, and Malchow-Møller (2008) for a detailed discussion of defini-
tions and measurements of entrepreneurship.
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serving as the engine of growth (e.g., Romer 1990). Papers in both of these
strands suggest that an increase in resource allocation toward innova-
tion and R&D activities results in a higher income growth rate and as-
cribe these activities to entrepreneurial efforts. However, these efforts are
not modeled explicitly in these papers in a way that leads to testable prop-
ositions.
C. Papers treating both entrepreneurship and economic growth as endogenous.—

There are several studies that treat both entrepreneurship and economic
growth as endogenous variables and are more relevant to our paper.
Schmitz (1989) presents an endogenous-growth model that explicitly

links entrepreneurship decisions with economic growth. In this model,
an individual chooses whether to become an entrepreneur or an em-
ployee, entrepreneurs imitate technologies developed by innovators in
a learning-by-doing fashion, and in this process entrepreneurs augment
the stock of knowledge. The model predicts that more entrepreneurs are
always associated with higher economic growth, because a greater percent-
age of existing knowledge is put to use. This prediction has not been sub-
jected, however, to any discriminating empirical tests.
Braumerhjelm et al. (2010)modify Romer’s (1990) endogenous-growth

model by assuming that knowledge is produced not just by R&D workers
in incumbent firms but also via entrepreneurial start-ups, which do not
engage in research. The model’s main argument is that the knowledge
stock produced by research has little impact on growth per se unless it
is transformed into commercial use via entrepreneurship. Thus, incum-
bent firms in this model employ researchers to produce new inventions
and varieties of products while entrepreneurs use their entrepreneurial
abilities, alongwith the current stockof knowledge, to introducenewprod-
ucts and business models, such as Starbucks in the United States and Ikea
in Sweden. The model is based on the micro foundation of occupational
choice, with the considerations of agents’ entrepreneurial efficiency, abil-
ity, and proclivity to assume risky entrepreneurial returns. A basic propo-
sition of the paper is that the balanced growth rate is independent of the
distribution of labor between the R&D (research) sector and the “entre-
preneurship” (start-ups) sector.
The authors put this proposition to an empirical test. Using the propor-

tion of the self-employed in the population as a proxy for entrepreneurial
start-ups and trade union density as an (in)efficiency parameter, they find,
contrary to the basic proposition of their model, that the distribution of
labor between the research sector and the entrepreneurial sector does
matter: entrepreneurs, rather than researchers, have a significantly posi-
tive impact, while labor union density has an insignificant impact on the
annual growth rate of real GDP for 17 Organisation for Economic Co-
operation and Development (OECD) countries over the period 1981–
2002. The empirical implementation in this study is limited, however, in
that it treats entrepreneurship as an exogenous variable, unlike their the-
oretical analysis, which treats this variable as endogenous. Moreover, the
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use of the self-employed to account for entrepreneurs, let alone innova-
tive entrepreneurs, may be problematic, since the self-employed include
shopkeepers, sole proprietors, and other unskilled individuals who choose
self-employment largely because of the lack of viable salaried employment
alternatives.

Iyigun and Owen (1999) is perhaps the closest to our model in identi-
fying EHC accumulation as a growth engine. Their model distinguishes
between two types of human capital: entrepreneurial and professional.
A key difference between these two is that the salaries paid to professional
human capital are certain but the payoff to EHC is not. EHC is augmented
via learning-by-doing and accumulated work experience, whereas profes-
sional human capital is accumulated through formal education. These
two types of human capital compete for an individual’s time during their
accumulation, but they complement each other in the process of produc-
tion. One of the model’s main testable propositions is that as an economy
develops, individuals allocate more time to the accumulation of profes-
sional human capital than to EHC. This proposition follows from the
strong assumption that skill-biased technological innovation increases
more intensely the productivity of time allocated to accumulation of pro-
fessional human capital. Themodel thus predicts that economic develop-
ment is associated with a decrease in the number of entrepreneurs rela-
tive to professionals. The authors do not subject this proposition and
related implications of their model to any systematic empirical tests.

There are only a few empirical studies that treat both entrepreneurship
and economic growth as endogenous. Using business ownership as a
proxy for entrepreneurship and specifying the equilibrium level of busi-
ness ownership as a function of the log of GDP per capita, Carree et al.
(2002) study 23 OECD countries over the period 1976–96. The authors
run a regression of the growth rate of GDP per capita on the absolute de-
viation of the business ownership rate from its equilibrium rate. The co-
efficient associated with this deviation is estimated to be negative and sig-
nificant, suggesting that too high or too low a business ownership rate can
be detrimental to growth. The study finds thatmost countries have a busi-
ness ownership rate below its corresponding equilibrium value (a notable
exception being Italy). The authors thus conclude that most countries
would experience a gain in growth in response to a rise in business own-
ership. However, the study does not provide a formal theoretical frame-
work that sheds light on possible explanations for this finding.

In sum, a common feature of all of the papers reviewed in this section is
their emphasis on labor market choices that affect the share of entrepre-
neurs in the population or the distribution of workers between R&D and
entrepreneurial activities as the basic decision variable affecting produc-
tivity and per capita income growth. Comparably less attention is given
to entrepreneurial choices that drive innovative investments in reproduc-
ible EHC. In the next section, we investigate this issue by modeling the
entrepreneur’s basic decision variable as the optimal allocation of the en-
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terprise’s production capacity between innovative activities, which contrib-
ute to the formation of future EHC, and managerial activities, which con-
tribute largely to expansion of current output.We thus focus on investment
in EHCas a distinct growth engine that affects persisting formation of EHC
and thus the balanced-growth pathof real per capita income in a perpetual-
growth equilibrium.
III. The Model

To explore the role of entrepreneurship in the process of long-term, per-
sistent growth, we develop an endogenous-growth model with innovative
entrepreneurial activities serving as an important channel of influence.
We identify EHC as a special type of applied knowledge that acts as an in-
termediary between the market for ideas, or basic knowledge, and the
market for goods, where the basic knowledge is converted into a commer-
cial store of knowledge, or EHC, by allocating a fraction of the firm’s pro-
duction capacity into deliberate investment in this firm-specific asset. The
model adopts the basic analytical framework developed in Lucas (1988)
and Ehrlich et al. (1994) and extends it to incorporate the role played
by the representative enterprise in bringing about a balanced-growth path
through continuous accumulation of EHC.
The economic environment and basic choice variables.—We consider a closed

and competitive economy without an explicit role for government and
with a given population size. We take as given both fertility and parental
investments in children’s formal schooling in order to focus on the role
of investment decisions by entrepreneurs at the representative-firm level.
For simplicity, we abstract from theoccupational-choiceproblem involv-

ing the choice between being an entrepreneur or a wage worker and as-
sume that each agent represents an entrepreneur and a worker. Since
each agent runs a productive enterprise, population size, N, also repre-
sents the number of goods-producing enterprises (firms). Agents are in-
finitely lived andmake both production and consumption decisions, which
do not include a separate demand for leisure. The economy is competi-
tive, assuring full employment for all N agents.
Goods production and the role of EHC.—We assume that each entrepre-

neur (agent) possesses a cumulative stock of firm-specific EHC, denoted
by E(t). EHC is a specific kind of commercial knowledge, embodied in
the entrepreneur or the firm, that enables efficient management of cur-
rent production and provides the capacity to translate basic scientific
knowledge into innovative marketable products and services, as well as
the capacity to involve the firm’s labor inputs in the formation of such
knowledge. All components of E(t), in turn, can be enhanced by invest-
ment in innovative entrepreneurial capital. Specifically, each entrepre-
neur can allocate a fraction (1 2 ε) of the enterprise’s resources and pro-
duction capacity (normalized to be 1) tomanaging and directing current
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production (managerial activities) and the remaining fraction ε to invest-
ment in EHC that generates commercial innovations. The effective labor
force in the economy thus becomes N ðtÞEðtÞð1 2 εðtÞÞ, empowered by
E(t). Goods are produced via a Cobb-Douglas production function:

Q tð Þ 5 A Vð ÞK tð Þb N tð ÞE tð Þ 1 2 ε tð Þð Þ½ �12b, (1)

where 0 < b < 1 and K(t) denotes the accumulated stock of physical cap-
ital. The variable A represents an exogenous technological factor that
augments the productivity of all productive inputs. We assume that the
level of A is affected by a vector of exogenous environmental factors, V,
that can influence the external environment for doing business in a fa-
vorable or adverse way.We include as environmental factors the predeter-
mined stock of formal schooling in the population, the degree of govern-
ment intervention in private economic activity, and the economy’s stage
of development.

Output per enterprise, qðtÞ ; Q ðtÞ=N ðtÞ, is therefore a function of
EHC E(t) and the capital/labor ratio kðtÞ ; K ðtÞ=N ðtÞ:

q tð Þ 5 A Vð Þk tð Þb E tð Þ 1 2 ε tð Þð Þ½ �12b: (1a)

The EHC production function.—The production function of EHC at the
enterprise level is given by

_E tð Þ ; dE tð Þ
dE

5 IhE tð Þε tð Þ: (2)

This production function implies that entrepreneurial knowledge accu-
mulation is the result of a continuing rate of investment in innovative
knowledge, ε(t), that takes place at the enterprise level beyond formal
schooling. The investment’s efficiency is augmented by existing entre-
preneurial capacity, whichmakes such knowledge firm specific, as in Ehr-
lich et al. (1994), as well as by institutional factors (I ) and entrepreneur’s
general educational attainments (h) that we elaborate on below. This
property of EHC production abstracts from any issues concerning rivalry
or cooperation across enterprises, which is consistent with the assumed
competitive nature of the market for goods. The fact that the production
of new knowledge is linear with respect to accumulated knowledge also
implies that new-knowledge production is not subject to diminishing re-
turns, as is the case with investment in knowledge in general. This makes
EHC a distinct engine of self-sustaining perpetual growth.

The share of the enterprise’s production capacity invested in the pro-
duction of new entrepreneurial knowledge, ε(t) (∈ [0, 1)), is the critical
variable determining the pace of EHC accumulation and thus economic
growth. If εðtÞ 5 0, no effort is devoted to EHC accumulation and the
economy is in a stagnant equilibrium of the standard neoclassical form,
in the sense that the growth rate of per capita output is zero, that is, g * 5 0.
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However, ε(t)must be less than 1 to secure a positive production and growth
of goods output along the economy’s balanced-growth path.
The magnitude of ε(t) also distinguishes between two types of entre-

preneurial activities: managerial and innovative. Managerial activities fo-
cus on utilizing current resources to enhance current production, sales,
and profits. Innovative activities are driven by innovative ideas. Innovative
entrepreneurs work as intermediaries between the market for goods and
the market for ideas by discovering or absorbing basic technological in-
novations and turning them into new production processes or new prod-
ucts. To accomplish this intermediation task, they allocate a greater frac-
tion of their own time or the enterprise’s resources toward R&D and
marketing efforts to discover and translate the basic technological break-
throughs into process and product innovations consumers truly desire.
These efforts ultimately enhance future production and sales—even at
the expense of losing current sales and profits.3

Equation (2) also implies that the production of new knowledge is aug-
mented by both institutional factors and personal characteristics of the
entrepreneur. Institutional factors, such as democracy and protection
of freedom of thought, speech, and other individual liberties and intel-
lectual property rights, are essential for the promotion of a free market
for ideas. The market for ideas flourishes in most democratic countries
but is harshly suppressed in most nondemocracies (Coase and Wang 2012).
Institutional factors, such as the rule of law, place limits on government
power and control of private economic activity where freedom of individ-
ual mobility, trade, and exchange are essential for promoting a free mar-
ket for goods. Critical personal characteristics that improve the productiv-
ity of investment in entrepreneurial knowledge include innate cognitive
and noncognitive ability as well as a level of knowledge sufficient to en-
hance the entrepreneur’s capacity to translate existing or advancing gen-
eral scientific knowledge to new goods or production processes—and thus
serve as an effective intermediary between the market for ideas and the
market for goods, using Coase’s (1974) terminology.
The decision rule and optimization analysis.—Each agent maximizes life-

time utility by deciding on consumption c(t) in real terms, which repre-
sents a stream of units of a single good over the agent’s infinite horizon.
Preferences over per capita consumption streams are given byð∞

0

e2rt 1

1 2 j
c tð Þ12j21
� �

d tð Þ: (3)

In equation (3), r is the discount rate and j is the coefficient of (relative)
risk aversion. Both are assumed to be positive.
3 Standout examples of innovative entrepreneurs include Andrew Carnegie, John D.
Rockefeller, Henry Ford, Thomas Edison, Estée Lauder, SamWalton, Bill Gates, Steve Jobs,
Oprah Winfrey, and Mark Zuckerberg.
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From equations (1a)–(3), the current-value Hamiltonian can be stated
as follows:

v k, E , v1, v2, c, ε, tð Þ 5 1

1 2 j
c12j 2 1
� �

1 v1 Akb E 1 2 εð Þ½ �12b2c
� �

1 v2IhEε, (4)

where v1(t) and v2(t) are the shadow prices of investments in physical and
entrepreneurial capital, respectively. The basic control variables in this
model are thus consumption, c (with the indirectly determined savings
representing investment in physical capital), and investment in entrepre-
neurial capital, ε(t).

The first-order optimality conditions for c and ε, respectively, are thus

c2j 5 v1, (5)

v1 1 2 bð ÞAkb E 1 2 εð Þ½ �2b 5 v2Ih: (6)

The rates of change of the shadow prices of physical and entrepreneurial
capital, _v1 and _v2, respectively, are given by

_v1 5 rv1 2
yv
yk

5 rv1 2 v1bAk
b21 E 1 2 εð Þ½ �12b, (7)

_v2 5 rv2 2
yv
yE

5 rv2 2 v1 1 2 bð ÞAkb 1 2 εð Þ12bE2b 2 v2Ihε: (8)

In a steady state of balanced-growth equilibrium, the growth rates of per
capita output, consumption, physical capital, and EHC are equalized at
the explicit common value:

_q

q
5

_c

c
5

_k

k
5

_E

E
5

Ih 2 r

j
; g *, (9)

where g* represents the equilibrium growth rate of per capita income
as well.

Inserting the entrepreneurial-capital accumulation function (eq. [2])
into equation (9), we can derive an explicit solution for the balanced-
growth equilibrium rate of investment in EHC as well:

ε* 5
1

j
1 2

r

Ih

� �
: (10)

In these explicit solutions of the model, the growth rate of per capita in-
come, g *, and the optimal rate of investment in EHC, ε*, are the central
endogenous outcomes of the model, on the assumption that the under-
lying institutional and general education parameters I, h, j, and r are ex-
ogenous or predetermined variables.

ð4Þ
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From the explicit solutions for the equilibrium long-term growth rate
of output and the investment rate in EHC, we can derive the following
propositions.
Proposition 1. The economy can join a regime of persistent growth

if and only if the institutional factors supporting a free market for ideas
and the innovating entrepreneurs’ endowed human capital exceed indi-
vidual time preference: Ih > r. In that case, the steady-state investment in
EHC is higher the lower is the innovative entrepreneurs’ coefficient of
relative risk aversion, j.
The proposition follows directly from equations (9) and (10). Since, in

equilibrium, ε* 5 ð1=jÞ½1 2 ðr=IhÞ�, for ε* to be positive, so the economy
can reach a persistent-growth regime, it is necessary that the product of
the efficiency parameters I and h be positive, such that it exceeds the
time-preference parameter, or Ih > r.
A corollary to proposition 1 is that a sufficient level of institutional re-

forms and general education supporting free markets for ideas and
goods can trigger a takeoff from a stagnant regime to a persistent, self-
sustaining growth regime (see Ehrlich and Lui 1991).
Proposition 2. The institutional factors and entrepreneurs’ own ed-

ucational attainments enhance the steady-state investment in entrepre-
neurial capital.

yε*

yI
5

r

jhI 2 > 0,

yε*

yh
5

r

jI h2 > 0,

y2ε*

yI yh
5

y2ε*

yhyI
52

r

j I hð Þ2 < 0,

yε*

y Ihð Þ 5
r

j I hð Þ2 > 0:

(11)

The implications of equations (11) are that the allocation of investment
in EHC to innovative, relative to managerial, entrepreneurship (ε*) is a
nonlinear function of the entrepreneurs’ own educational attainment
(h) and the underlying institutional factors (I ) that empower themarkets
for ideas and goods. While the partial impacts of a change in I or h or of
the product of the two (Ih) on ε* are positive, however, the impact of the
change in I on ε* diminishes with h, and the impact of the change in h on
ε* diminishes with I. This is essentially the result of diminishing marginal
utility from allocating more current resources to investment in EHC rel-
ative to current consumption and the assumption that I and h are com-
plementary in their impact on ε*.
Proposition 3. A rise in the equilibrium level of the persistent rate of

investment in entrepreneurial capital has an ambiguous effect on the
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output level over a transitional period but an enhancing effect on the
equilibrium endogenous-growth rate of output.

Using the firm’s production function for goods (eq. [1a]) and the so-
lution for the optimal rate of investment in EHC (eq. [10]), we obtain the
following effect of ε on output level:

yq tð Þ
yε tð Þ 5 1 2 bð Þq tð Þ Iht 2

1

1 2 ε tð Þ
� 	

: (12)

The effect of investment in entrepreneurial capital ε* on the level of the
representative firm’s output is ambiguous. It may be negative over a rel-
atively short time span when the economy is on the transition path lead-
ing to a steady state of growth following the upward shift in ε*(t), but it
becomes positive over a sufficiently longer time span as the catch-up effect
from a higher equilibrium growth rate kicks in. In the steady state of bal-
anced growth we have

yq̂
yε

5
yÊ
yε

5 Ih > 0, (13)

where q̂ 5 _q =q and Ê 5 _E =E . The effect of investment in entrepreneur-
ial capital on the growth rate of output is thus positive along the econ-
omy’s balanced-growth path, with the growth rate g*, as defined in equa-
tion (9).

The implication is that economies in which entrepreneurs devotemore
resources to innovative activities that expand future production achieve a
higher rate of economic growth than economies in which entrepreneurs
devote more of their resources to enhancing current production. In the
short run this may result in a lower level of economic growth. In the long
run, however, a higher rate of growth wins, so economies with a higher
rate of innovative investments in EHC achieve both a higher level and a
higher rate of endogenous economic growth.
IV. Empirical Implementation

We test the basic propositions of our model against comprehensive inter-
national panel data described in Section IV.A. The results of the corre-
sponding regression analyses and related robustness and corroborative
tests are presented in Section V.

A. Data and Key Variables

The data used in the empirical estimation come from five main sources:
Global Entrepreneurship Monitor (GEM), the Index of Economic Free-
dom, the Penn World Tables (PWT), Barro and Lee (2010), and World
Bank World Development Indicators. Variables are extracted from these
sources to form two unbalanced panels: one containing 17 countries with
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2–9 years of data over the period 2002–10, and a larger panel containing
63 countries with 1–9 years of data over the period 2002–10. Summary sta-
tistics of key variables are given in table 1.

1. Investment in Entrepreneurial Capital (INVEC): Proxy for ε

The theoreticalmeasure of this key variable is the share of the representa-
tive firm’s production capacity or working time allocated to innovative ac-
tivities,but suchcomparabledataarenotavailable internationally. Instead,
we measure INVEC as the fraction of innovative entrepreneurs among all
All use s
TABLE 1
Summary Statistics of Key Variables

Variables Mean Standard Deviation Observations

A. Small Samplea

INVEC .425 .140 116
INSTALL0 69.509 7.543 116
ENTGRAD0 .0664 .0597 116
LRGDPPC0 9.866 .728 116
POPEDYRS0 9.374 1.933 116
L(K/L)0 11.67 .729 116
LRGDPPC 9.962 .728 116
OPEN .630 .948 116
GOV .150 .049 116
TER-ENRL0 53.732 16.264 116
TER-YRS0 .605 .359 116
LTFP 2.2230 .310 116
LTFP0 2.2234 .362 116

B. Large Sampleb

INVEC .383 .149 309
INSTALL0 66.555 8.952 309
POPCOLL0 .127 .0669 309
LRGDPPC0 9.605 .879 309
POPEDYRS0 8.895 1.902 309
L(K/L)0 11.504 .844 309
LRGDPPC 9.769 .803 309
OPEN .792 .619 309
GOV .169 .0609 309
TER-ENRL0 50.250 19.601 268
TER-YRS0 .464 .294 309
LTFP 2.327 .336 304
LTFP0 2.346 .405 304
This content downloa
ubject to University of Ch
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a Small sample: Argentina, Australia, Canada, Chile, Denmark, France, In-
dia, Ireland, Israel, Japan,Mexico, South Africa, Switzerland, Taiwan, Thai-
land, United Kingdom, United States.
b Large sample: Argentina, Australia, Austria, Belgium, Bolivia, Brazil,
Canada, Chile, China, Columbia, Croatia, Denmark, Ecuador, Egypt, Fin-
land, France, Germany, Greece, Hong Kong, Hungary, Iceland, India,
Indonesia, Iran, Ireland, Israel, Italy, Jamaica, Japan, Jordan, Kazakhstan,
Latvia, Malaysia,Mexico, Netherlands, New Zealand, Norway, Panama, Peru,
Philippines, Poland, Portugal, Romania, Russia, Saudi Arabia, Serbia, Singa-
pore, Slovenia, South Africa, South Korea, Spain, Sweden, Switzerland, Syria,
Taiwan, Thailand, Tunisia, Turkey, Uganda, United Kingdom, United States,
Uruguay, Venezuela.
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entrepreneurs, using the data reported in GEM’s adult-population longi-
tudinal surveys.4 GEM reports counts of three types of entrepreneurs: na-
scent entrepreneurs who start up new businesses, new business owners,
and established business owners. In GEM’s survey, these entrepreneurs
are asked to provide an assessment of the novelty or unfamiliarity of their
products or services relative to customers’ current experience.We identify
as “innovative” those entrepreneurs who claim that the products or ser-
vices they offer are new to some or all customers. This distinguishes entre-
preneurs who are more engaged in, and allocate more of their own time
and company’s production capacity to, innovative activities. INVEC can
thus be viewed as a proxy for the economy-wide or representative entre-
preneur’s share of the total enterprise’s productive capacity invested in in-
novative rather than managerial activities.

While INVEC may not be an ideal measure of our theoretical measure
of investment in EHC (ε), we try to test its empirical relevance by the de-
gree to which it can be predicted by the two underlying factors that are
expected by our model to influence its level: the general human capital
(higher-education) attainment of the representative entrepreneur and
the institutional factors that support a free-enterprise system that also as-
sures the role of entrepreneurs as intermediaries between the market for
ideas and the market for goods—our theoretical h and I factors in equa-
tion (2).

2. Entrepreneur’s Human Capital Endowment: Proxy for h

The theoretical proxy for h is the entrepreneur’s endowed educational at-
tainment. There are, however, several ways to measure this proxy empiri-
cally. By our model’s logic, we perceive of especially the innovative entre-
preneur’s role as an intermediary between the market for ideas (general
knowledge or basic science) and themarket for goods. It is then plausible
to choose the higher-educational attainments of the entrepreneur as an
efficient proxy for h.

In the GEMAdult Population Survey, entrepreneurs are asked to iden-
tify their educational background in one of four categories: some second-
ary education, completed secondary education, postsecondary education,
and graduate experience. We choose the percentage of entrepreneurs
attaining the top education category—those with graduate experience,
ENTGRAD—as the most appropriate measure of h. The rationale is that
this measure captures primarily those entrepreneurs who would be more
inclined to allocate resources to innovative than to managerial activities.
Alternatively, since by our model the representative entrepreneur also
leads the representative firm, we also use the percentage of adult popula-
4 The GEM Adult Population Survey is a unique instrument used to measure the level
and nature of entrepreneurial activity around the world. It is administered by GEMnational
teams to a representative national sample of at least 2,000 respondents.
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tion age25 years andover whohave a collegedegree, POPCOLL, as awider
measure of tertiary education. Thismeasure captures, in principle, the ed-
ucational attainment of the entrepreneur’s team of workers and manag-
ers as well. Barro andLee (2010) report suchmeasures over five-year spans.
We therefore derive the yearly equivalents through an interpolation that
assumes a constant growth rate. Since ENTGRAD is reported in GEM only
for countries in our small sample, we resort to POPCOLLas a proxy for our
theoretical h in our large-sample regressions.

3. Institutional Support Index (INSTALL): Proxy for I

Asmentioned above, institutional pillars such as freedomof trade and ex-
change and protection of property rights are preconditions for successful
free markets as well as for productive investments in both physical and
human capital. The rule of law, freedom of speech, and protection of in-
tellectual property impose a limit on government intervention in themar-
ket for ideas, while protection of physical property rights, labor mobility,
and free access to markets limit government intervention in productive
private economic activity. The institutional factors that enhance the effi-
ciency of the market for ideas, however, also enhance the efficiency of
the market for goods, and vice versa. We therefore select an overall eco-
nomic freedom score (INSTALL) as a proxy for our theoretical institu-
tional construct, I. This measure is drawn from the Index of Economic
Freedom, composed by the Wall Street Journal and the Heritage Founda-
tion to measure the degree of economic freedom among countries in
the world. The score used, ranging from zero to 100, is the simple average
of the scores of 10 individual freedom indexes, which are grouped into
four categories: (1) rule of law: property rights and freedom from corrup-
tion; (2) limited government: fiscal freedom and government size/spend-
ing; (3) regulatory efficiency: business freedom, labor freedom, andmon-
etary freedom; and (4) trade freedom, investment freedom, and financial
freedom. Since we treat institutional measures as a predetermined vari-
able in the model, we use the initial values of INSTALL in our regression
analysis.5

4. Real Per Capita Output and Income: Proxy for q

As is conventional, we use real GDP per capita (RGDPPC) as themeasure
of the level of per capita real income. The data for RGDPPC are drawn
from PWT 8.0.
5 An alternative institution measure is the index of democracy created by the Economist
Intelligence Unit. This index is based on 60 indicators grouped in five different categories:
electoral process and pluralism, civil liberties, functioning of government, political partic-
ipation, and political culture. However, the use of this index would reduce our sample by
about 50 percent, because it was first available in 2006.
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5. Total Factor Productivity (TFP)

This variable is used as an alternative indicator of real per capita income,
constructed as TFP 5 q=kal 12a, where q, k 5 K=L, and l are measured as
real GDP per worker, capital per worker, and human capital per worker,
respectively. Human capital per worker is measured as the average years
of schooling of the population aged 15 and over. The underlying produc-
tion function is the Cobb-Douglas specification of constant returns to
scale, with the capital sharea assumed to be 0.3. These variables are taken
from PWT 8.0.
6. Exogenous and Predetermined Environmental Factors:
Proxies forV in Equation (1a)

We specify a number of such assumed exogenous environmental factors:

1. Initial average years of schooling attained by the population aged 15
and over in 2000 (POPEDYRS0) is used to proxy the overall human
capital endowment of a country. The data are drawn fromBarro and
Lee (2010). The subscript “0” denotes the initial values.

2. Initial real GDP per capita (RGDPPC0), to capture the stage of de-
velopment of the different countries in the sample.

3. The economy’s initial capital/labor ratio (K/L)0 is also entered as a
control variable reflecting the economy’s level of development in
the production of goods (see eq. [1a]).

4. Government size (GOV) is measured by government spending as a
percentage of GDP.

5. Openness (OPEN) ismeasured by the volume of external trade (im-
ports1 exports) as a percentage of GDP. Although our model is de-
veloped within a closed-economy setting, we introduce the econ-
omy’s degree of openness to trade as another indicator of its level
of development. Both GOVandOPEN are drawn from PWT 8.0.

6. Regional and year dummy variables. These are discussed in Sec-
tion IV.B.
7. Flow Measures of Alternative Educational Investments Used
as Relevant Controls Variables in Our “Corroborating”
Diagnostic Tests

These tests are designed to pit the impact of investment in EHC as an en-
gine of growth against the impacts of conventional measures of invest-
ment in general human capital that have been modeled in the literature
as underlying engines of growth. To account for investment in general
human capital or its stock measure we use initial values of TER-ENROL,
representing total enrollment in tertiary education as a percentage of the
population of the corresponding official tertiary-education age groups,
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and TER-YRS, representing the average years of tertiary schooling at-
tained by population aged 15 and over in 2000.
Table 1 shows the definitions and summary statistics of the key variables

used in the regression analysis. In the small sample, the share of entrepre-
neurs identifying themselves as innovative (INVEC) has an average value
of 42.5 percent with a standard deviation of 14 percent, which indicates
that only a fraction of entrepreneurs are innovative types. The average of
the overall institution score is 69.509, and about 6.6 percent of the entre-
preneurs have some graduate school experience. In the large sample, by
contrast, INVEC has a lower average value (38 percent, with a standard
deviation of 15 percent), as does the average of the overall institution
score (66.555), and the average share of the adult population age 25 and
over who have a college degree is 12.7 percent. The average values of all
other key variables—measures of per capita income, educational attain-
ment, capital/labor ratio, and productivity—listed in table 1 are greater
for the small sample than for the large sample, with the exception of the
measures of openness and relative size of the government. The difference
in all of these averages stems from the fact that the large sample contains
more developing countries.

B. Empirical Strategy

Our theoretical treatment of both entrepreneurship and long-term growth
as endogenous variables has yielded testable implications, summarized in
propositions 1–3, concerning the determinants of investment in EHC and
its impact on the economy’s dynamic growth paths. In our baseline econo-
metric model, we test these propositions via a two-step recursive system.
The first step specifies the investment in entrepreneurial capital as a

function of the institutional factors that support the free flow of ideas
between themarket for ideas and themarket for goods as well as of entre-
preneurs’ general human capital endowment, measured by their higher-
education experience. Indicators of higher education are especially rel-
evant as an enabling factor for the intermediating services rendered by
innovative entrepreneurs and EHC. The higher-education experience
of the labor force or the population as a wholemay also be relevant in this
context, capturing the higher-education level of the enterprise’s employ-
ees, although not to the same extent as that of the higher-education ex-
perience of entrepreneurs.
Following equation (11) and proposition 2, we specify the investment

in entrepreneurial capital function in country i at time t by the following
baseline linear regression equation:

INVECit 5 a1INSTALLi0 1 a2ENTGRADi0 1 a3INSTALLi0

� ENTGRADi0 1 a4Xi0 1 vr 1 zt 1 eit , (14)
ð14Þ
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where INVEC represents the representative entrepreneur’s investment
in entrepreneurial capital, approximated by the share of innovative entre-
preneurs among all entrepreneurs; INSTALL0 is the initial value of the in-
stitutional variable; and ENTGRAD0 is the initial share of entrepreneurs
with graduate experience or, alternatively, the share of the general popu-
lation age 25 and over with a college education. The reliance on initial val-
ues of INSTALL and ENTGRAD is intended to avoid a regression bias
due to the possible simultaneity relation between investment in EHC
and these variables, which is not part of our model but could be justified
because of the influence of rising rates of investment in EHC on the in-
centive to acquire higher education or demand institutional safeguards
guaranteeing a market return on educational investments.6

Note that we add in this specification an interaction between the insti-
tutional and educational variables, since by equation (11), the marginal
impact of each of these variables on optimal investment in EHC is ex-
pected to be crowded out by an increase in the other variable. We also ac-
count for cross-country heterogeneity in the economy’s level of develop-
ment and the population’s human capital endowment, using the initial
values of real GDP per capita (RGDPPC0) and average years of schooling
of the population over 15 years of age (POPEDYRS0). These variables are
contained in the vector Xi0 in equation (14).

We should point out that because equation (14) relies on initial values
of the regressors, we cannot employ country-specific fixed-effectsmodels.
Instead, we group countries into seven economic regions (following the
PWT) and introduce region dummies, vr, to control for common charac-
teristics that countries in the same region may share.7 The term zt repre-
sents a set of year dummies to account for year-specific shocks that are
common to all countries, and eit is the random error term.

The second step of the recursive system establishes the causal relation-
ship between investment in entrepreneurial capital and the steady-state
growth rate of per capita income. By proposition 3, economies in which
entrepreneurs invest more resources in innovative projects achieve a rel-
atively steeper balanced-growth path and eventually a higher level of per
capita income as well. In the short term, however, such investment may
have a mild or even negative impact on output level, because the invest-
ment in entrepreneurial capital crowds out spending on managerial and
production work, as indicated by equation (12) and proposition 2.
6 Equation (14) represents our baseline regression model as estimated in our smaller
sample, where we have information about our preferred measure of entrepreneurs’ higher-
education attainment. In our expanded sample, we replace ENTGRAD0 by our measure of
the college-educated share of the population, POPCOLL, as measured in Section IV.A.

7 The PWT group countries into seven regions: advanced economies, East Asia and the
Pacific, Europe and Central Asia, Latin America and the Caribbean, Middle East and North
Africa, South Asia, and Sub-Saharan Africa.

This content downloaded from 128.041.035.171 on September 20, 2017 09:11:40 AM
 use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).



Entrepreneurial Human Capital and Endogenous Economic Growth 329
To capture the long-termor steady-state relationship betweenour prox-
ies for investment and growth is challenging because (1)most economies
are likely to be in transition to, rather than in a steady state of growth equi-
librium, and (2) data are available for only a relatively short period—just
over 9 years. To overcome these constraints, we test propositions 2 and
3 by implementing the following regression model, which allows for the
estimation of both the level and the long-term growth effects of invest-
ment in EHC, while also accounting for the economy’s stage of develop-
ment:

LRGDPPCit 5 b1INVECit 1 b2T � INVECit 1 b3T 1 b4Zi0

1 b5Wit 1 vr 1 uit , (15)

where L is the log operator, RGDPPCit is real GDP per capita, T is a time
trend, Zi0 is a vector of variables capturing country-specific stages of devel-
opment (see Sec. IV.A; LRGDPPC0, POPEDYRS0, L(K/L)0),Wit is a vector
of variables including some country-specific and time-varying policy fac-
tors that may affect the economy’s income level (OPEN, GOV), vr is a var-
iable for regional fixed effects, and uit is a random error term.8 Parame-
ters b1 and b2 are of primary interest in this analysis. They measure the
effects of a one-unit increase in the representative entrepreneur’s invest-
ment in EHC on the level and long-term growth rate of real GDP per cap-
ita, respectively. To the extent that b3 captures the average growth rate of
all economies, b2 can be interpreted as the effect of investment in EHC
on the steady-state balanced-growth path.
Our baseline model—the recursive system specified by equations (14)

and (15)—allows for estimating the impact of investment in EHC on the
growth path via ordinary least squares (OLS). To test the consistency of
the estimated regression coefficients, however, we also attempt to account
for a potential reverse causality running fromexogenous short-termchanges
in output per capita to a contemporaneous change in investment in EHC,
since a short-term change in the level of RGDPPC that raises expectations
of future growth could accelerate the short-term demand for investment
in EHC. In that case, estimating equation (15) by the OLS method would
result in inconsistent coefficient estimates.
We address this concern in three ways. First, we estimate an expanded

version of equation (14), using the initial values of the institution and hu-
man capital of entrepreneurs and other exogenous or predetermined fac-
tors specified in our recursive model to generate the predicted values of
entrepreneurial capital investment, INVEC*, which is then entered di-
rectly into equation (15) in place of INVEC. The secondmethod for purg-

ð15Þ
8 RGDPPC in year t can be linked to its value at an initial year via RGDPPCt 5
RGDPPC0 expðg ðZtÞtÞ expðutÞ, where the growth rate g(Z) is a function of a vector of regres-
sors, Z. By proposition 3 (eqq. [12] and [13]), our growth-rate function can be specified as
g ðZtÞ 5 b3 1 b2INVEC. Taking the log of RGDPPCt, we obtain equation (15).
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ing a potential simultaneity bias is to use the predicted investment vari-
able INVEC* and its interaction with the time trend, T � INVEC* as in-
strumental variables (IVs) to obtain consistent estimates of the effects
of INVEC and T� INVEC in equation (15). The thirdmethod is the stan-
dard two-stage least squares (2SLS) estimationmethod. Instruments used
in this method include the initial values of the measures of institutional
environment, the human capital endowment of entrepreneurs, the inter-
actions of those two measures, and the interactions of these three vari-
ables with the time trend, for a total of six IVs.
V. Empirical Results

The estimated equations (14) and (15) are presented in Sections V.A–
V.C. In Section V.D, we conduct a robustness test of our model by using
TFP insteadof realGDPper capita (RGDPPC) to seewhether themainpat-
tern of the results of the regression analysis holds up in this case as well. In
Sections V.E and V.F, we also conduct a series of discriminating/diagnos-
tic tests of our central hypothesis, corroborating the role of EHC invest-
ment as a specific independent driver of endogenous growth.

A. Estimating the Investment Function via the First Step
of the Recursive Model

As required by the specification of the first step of our recursive model,
we estimate equation (14) by regressing INVEC, our proxy for investment
in EHC, on the initial values of the institution indicator (INSTALL) and
the human capital endowment of entrepreneurs (ENTGRAD) to avoid
any simultaneity biases. A potential downside of using initial values is that
the estimates depend exclusively on cross-country variations in the corre-
sponding variables. But, since we are working with a relatively short time
series, between-country estimates can perhaps better approximate the
steady-state relationship between INVEC and INSTALL and ENTGRAD,
on the one hand, and INVEC and RGDPPC, on the other. Table 2 presents
the OLS estimates along with heteroscedasticity-robust standard errors.

In columns 1 and 2, the initial years are 2000 and 2002 for the institu-
tion indicator and the entrepreneur’s human capital, respectively. To ac-
count for the fact that our sample’s countries are in different stages of
economic development, we also include per capita income in 2001 and
average years of schooling in 2000 as controls in column 2. The estimates
are all positive and statistically significant at the 1 percent level, which are
consistent with the predictions of proposition 2. Countries with stronger
institutions or better-educated entrepreneurs are shown to investmore in
EHC. The negative effect of the interaction INSTALL � ENTGRAD is
also consistent with proposition 2—the positive impact of the institution
variable diminishes with the higher-educational attainment of entrepre-
neurs, and vice versa.
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The use of initial values of the two key variables eliminates many coun-
tries from our sample because of missing values of INSTALL in the sam-
ple’s initial year. The small size of the sample (116) is also due to the edu-
cational attainment of entrepreneurs, ENTGRAD, being available from
GEM only for this small sample. To allow for the expansion of the sample,
we change the regression specification in two ways. First, we use an alterna-
tive proxy for thehuman capital attainment—the share of college-educated
workers in the general population aged 25 and over, POPCOLL, which is
reported for more countries in the sample than ENTGRAD. Second, we
treat the “initial year” of the sample as the “first year of the sample” in which
the institutionmeasure (INSTALL) and the entrepreneur’s human capital
measure (POPCOLL) are both available from their respective sources. As
noted in Section IV.A, POPCOLL can be justified as ameasure of entrepre-
neurs’ higher education on the grounds that it captures the educational at-
tainment of the representative enterprise, which includes the entrepre-
neur’s work force as well. The college-educated share of the population
and that of the representative entrepreneur are highly correlated: the sim-
ple correlation coefficient is 0.62.

This alternative specification of the recursive model helps expand the
sample size from 116 to over 300, although the newly added countries
have slightly shorter time series. The estimates based on this specification
of equation (14), reported in columns 3 and 4, are also statistically signif-
icant and with signs conforming to proposition 2.One noticeable change
is that the estimated effect of the human capital endowment is consider-
ably smaller than the small-sample counterparts in columns 1 and 2. But
this is consistent with the logic of the model, since investment in EHC
should be more strongly enabled by the human capital endowment of
the entrepreneurs than by that of the firm’s workers. The same pattern
applies to the estimates associated with the institution index, which be-
come smaller in the regressions using the expanded sample. The fact that
the estimated effects of both key variables are statistically significant but
smaller quantitatively in the expanded sample (this pattern appears in
the growth regressions as well) is consistent with our theoretical expecta-
tions. It also suggests that the findings are not primarily driven by a subset
of countries with longer time series, which tend to represent developed,
rather than developing, economies.9

We repeat the regressions corresponding to columns 1–4 in columns 5–
8, after replacing year dummies with a time trend. We do this for two pur-
poses. One is to check the sensitivity of our main estimates to alternative
specifications for capturing the passage-of-time effect. The estimates re-
ported in columns 5–8 do not exhibit any remarkable changes when we
include a time trend in the regression instead of year effects. The other
9 This pattern is confirmed when we rerun the model for column 4 using the smaller
sample. The resulting estimates are larger in the smaller sample: 0.00906 for INSTALL0,
5.539 for POPCOLL0, and 20.0845 for INSTALL0 � POPCOLL0.
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purpose of using the time-trend specification is to see whether the data
we have on our investment-in-EHC proxy could approximately represent
steady-state values, as implied by proposition 1. A necessary, albeit not suf-
ficient, condition for the steady state is that the equilibrium level of in-
vestment does not vary over time. Thismay be one reason why the average
time-trend effect in these regression is insignificant.10

B. Estimating the Level and the Long-Term Growth Effects of Investment in
EHC on Per Capita Income via the Second Step of the Recursive Model

Table 3 presents the estimated regression coefficients of equation (15) as
the second step of the recursivemodel. In all these regressions we include
real GDP per capita and the average years of schooling (for the popula-
tion over 15) in 2001 and 2000, respectively, to control for cross-country
differences in levels of development. These controls are important be-
cause most countries are in different stages of development and thus
in different phases of transition to a growth equilibrium, rather than in
the steady state of balanced growth, as assumed in our theoretical analy-
sis. The transition dynamics, in turn, depend on the initial conditions of
each individual economy. We also add the initial-year capital/labor ratio
as an additional measure of the economy’s proximity to a steady state of a
balanced-growth equilibrium. To take into account the potential effect of
other “environmental” factors affecting the level of per capita income
along the economy’s equilibrium balanced-growth path, we consider two
time-varying policy variables: trade and the size of government. The for-
mer is measured as openness—the country’s volume of trade as a share
of GDP. The latter is measured by government spending as a share of GDP.
The regressions in columns 1 and 2 use our constructed measures of

investment in EHC and its interaction with the time trend to derive the
level and growth effects of INVEC, based on the small and large samples,
respectively. Overall, the estimated coefficients associated with the short-
term “level effect” of investment in EHC (INVEC) are negative (albeit not
always statistically significant), as would be predicted by equation (12) for
economies inanearly stageof transition toagrowthregime.Theestimated
effects of entrepreneurial capital investment on the growth rate of per
capita income, by contrast, are positive and statistically significant at the
1 percent level, as predicted by equation (12) and proposition 2. The es-
timated rate effect of INVEC based on the small sample is quantitatively
larger than that based on the large sample. But statistically, they are hardly
distinguishable. These estimates suggest that a 10-percentage-point in-
crease in INVEC could raise the growth rate of per capita income by one-
half to six-tenths of a percentage point.
10 When the column 8 regression is repeated with the smaller sample, T is again found to
have an insignificant effect on INVEC. The effects of the other key determinants of INVEC
are found to be higher than those of the corresponding variables in column 8: 0.00910 for
INSTALL0, 5.602 for POPCOLL0, and 20.0852 for INSTALL0 � POPCOLL0.
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However, the straightOLS estimates reported in columns 1 and 2might
suffer from simultaneity bias, as we noted in Section IV.B: an upward
change in economic growth raises the return to innovation, and conse-
quently it might induce more short-term investment in entrepreneurial
capital.
One way to address this concern is to use the predicted, rather than the

actual, investment in EHC. We obtain the predicted investment by using
twomethods. By the first method, we derive the predicted value from the
models underlying columns 2 and 4 in table 2. This method takes advan-
tage of the recursive model’s structure, by which the potentially interre-
lated variables, namely, investment in entrepreneurial capital andper cap-
ita income, are determined sequentially rather than jointly. Given that all
the explanatory variables included in the investment regressions are ini-
tial values, the predicted investment is unlikely to be correlated with the
error term in the per capita income regressions. By the second method,
weuse a reduced-formapproach to generate thepredicted investment val-
ues. The reduced-form regression involves two modifications in equation
(14). First, we replace the year dummies with a time trend, as in the mod-
els reported in columns 5–8 of table 2. Second, we add to the reduced-
form equation all the exogenous variables contained in equation (15), in-
cluding the capital/labor ratio, as well asmeasures of openness and size of
the government.
The estimated coefficients of equation (15) based on the alternative

predicted investments are reported in columns 3–6 of table 3. Whereas
the estimated level effects remain negative, the growth-effect estimates
are quantitatively larger than their OLS counterparts in columns 1 and
2. The growth-effect estimate based on the small sample is not sensitive
to the alternative ways by which the predicted investment in EHC is gen-
erated—recursive or reduced-form specification. But the reduced-form
approach does lead to an improvement in both the magnitude and the
precision of the estimated growth-rate effect when the large sample is
used.On the basis of the column 6 results, a 10-percentage-point increase
in the share of innovative entrepreneurs could raise the growth rate of per
capita income by as much as 1.1 percentage points.
C. IV Estimates of the Level and Long-Term Growth Effects of INVEC

We also use the IV method to test for the potential simultaneity bias dis-
cussed in Section IV.B and the preceding section. A straightforward IVap-
proach, in which both the investment variable and its interaction with the
time trend are treated as endogenous variables in equation (15), would
involve six instruments: the institution index, the human capital endow-
ment of entrepreneurs, the interaction between those variables, and in-
teractions between each these three variables and the time trend. These
IV estimates are presented in columns 1 and 2 of table 4. The estimated
level effect of INVEC remains negative and not always statistically signif-
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icant. And although the estimated growth effect is still positive, the preci-
sion of the latter ismuch reduced. In fact, the 2SLS estimate of the growth
effect is not statistically significant when either the smaller sample or the
larger sample is used. However, the Sauderson-Windmeiler multivariate
F-test of the excluded instruments indicates that the IVs as a group are
TABLE 4
LRGDPPC Regressions: IV Estimates Using Alternative IVs

2SLS
Predicted INVEC* and
T � INVEC* as IVs

Variables
Small Sample

(1)
Large Sample

(2)
Small Sample

(3)
Large Sample

(4)

INVEC 2.199 2.680* 2.331** 2.210
(.199) (.387) (.159) (.430)

T � INVEC .0586 .106 .0935*** .114***
(.0470) (.0681) (.0221) (.0407)

T 2.00681 2.0162 2.0217** 2.0192
(.0209) (.0263) (.0103) (.0159)

LRGDPPC0 .921*** .833*** .933*** .871***
(.0563) (.0467) (.0521) (.0519)

POPEDYRS0 .0194** .00896 .0167** .0119
(.00834) (.00746) (.00780) (.00874)

L(K/L)0 2.0969*** .0164 2.103*** 2.0189
(.0324) (.0438) (.0298) (.0462)

OPEN .0844*** .00610 .0731*** .00573
(.0302) (.0161) (.0267) (.0169)

GOV 2.715*** 2.831** 2.716*** 2.375
(.160) (.330) (.166) (.517)

Constant 1.741*** 1.615*** 1.785*** 1.351***
(.307) (.303) (.322) (.365)

Region dummies Yes Yes Yes Yes
Sauderson-Windmeiler

F-statistica 5.00 1.68 17.65 10.03
3.46 1.83 57.95 30.88

Robust Kleibergen-Paap
F-statisticb 2.502 1.840 7.274 3.856

(20.680) (20.680) (7.030) (7.030)
Endogeneity test x2 statistic

(p -value) 2.703 4.096 7.296 3.683
(.2588) (.1290) (.0260) (.1586)

Observations 116 309 116 309
R 2 .994 .978 .993 .977
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weakly correlated with INVEC and T� INVEC, and as a result the IV esti-
matesaresubject toaweak-IVbias—theF-test statistics in thereduced-form
regressions for INVEC and T� INVEC are 5.00 and 3.46, respectively, for
the small sample, and1.68 and1.83, respectively, for the large sample.The
Kleibergen-Paap tests also suggest that the IVs areweak.This is not surpris-
ing, because the identification power of these IVs is greatly diminished by
the relatively high correlations among them. More important, the Haus-
man endogeneity (x2) tests fail to reject the null hypothesis that INVEC
and T � INVEC are exogenous, as indicated by the test statistics 2.703
and 4.096 associated with the corresponding regression models. This in-
dicates that instrumenting these variables is superfluous, and it may sig-
nificantly increase their standard errors, relative to those of the OLS es-
timates.
To further explore the endogeneity issue, we adopt an alternative ap-

proach that involves an extra step to generate IVs for the endogenous var-
iables INVEC and T � INVEC before implementing the standard 2SLS
procedure. In this approach, we first use the full reduced form, comprised
of all the exogenous and predetermined variables associated with equa-
tions (14) and (15), to predict the investment variable INVEC*, which
we then multiply by the time trend T to construct the interaction T �
INVEC*. We can thus use these predicted variables as IVs for INVEC and
T � INVEC to obtain IV estimates of the coefficients of equation (15).
These estimates are reported in columns 5 and 6 of table 3.11

Thesepredicted reduced-formvariables appear to constitute strong IVs,
as evidenced by the relatively large values of the Sauderson-Windmeiler
multivariate F -tests: 17.65 and 57.95 from the reduced-form regressions
for INVEC and T � INVEC, respectively, for the small sample, and 10.03
and 30.88, respectively, for the large sample.12

The estimated level effect of INVEC is negative and is even statistically
significant in column3of table 4, based on a reduced formcontaining the
initial value of the entrepreneur’s higher-educational attainment ENTGRAD,
rather than that of the total population POPCOLL in column 4, while the
estimated rate effects based on both samples are positive and statistically
significant at the 1 percent level in both columns. However, the test statis-
tics obtained by applying theHausman endogeneity tests in the regression
models of columns 3 and 4—7.296 and 3.683, respectively—imply that the
null hypothesis of exogenous INVEC and T � INVEC is rejected in col-
umn 3, for the small-samplemodel, but not in column 4, for the large sam-
ple. These tests indicate that the IV method may be regarded as relevant
for deriving valid estimates of the regression model of column 3 but that
no instrumentation is needed to estimate the regression model of col-
umn 4 of table 4, in preference to the OLS estimates of this model in col-
umns 2 and 6 of table 3.
11 Since this method produces estimates of a “just-identified” system, we cannot apply
any overidentification-exclusion tests when using this method.

12 The Kleibergen-Paap F -statistic suggests that the constructed IVs are strong for the
small-sample model but not for the large-sample model.
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Our inference from the IVestimates of table 4 is that they are inconclu-
sive because of both the weak IVs used to instrument the investment var-
iable INVEC and its interaction with the time trend T � INVEC and the
apparent lack of consistency of the endogeneity test across our two sam-
ples. The one run (in col. 3 of table 4) that is free of the weak-IV bias and
in which the Hausman test rejects the exogeneity of INVEC and T �
INVEC in equation (15) yields estimates of the level and rate effects of
INVEC and T � INVEC that are very similar to the estimates we derive
for the effects of these variables using the OLS method in column 5 of
table 3.

More generally, all the IV estimates of especially the rate effect of
INVEC on per capita income in columns 1–4 of table 4 are in the same
ballpark as their OLS counterparts in columns 3–6 of table 3, where the
predicted INVEC* enters the regressions in place of the observed INVEC:
all indicating an increase in the rate of growth of GDP around 1 percent-
age point when investment in EHC rises by around 10 percentage points.
In terms of statistical inference, the OLS results are as valid in column 5 of
table 3 as they are in column3 of table 4, while the estimates obtained from
column 6 of table 3 and column 4 of table 4 are virtually the same, indicat-
ing that the baseline recursive model produces reliable estimates. For this
reason, we perform robustness checks and diagnostic tests in the next sec-
tion using the OLS estimation method.
D. Robustness Checks: Estimating the Level and Rate
Effects of INVEC on TFP

In this section we switch the dependent variable in equation (15) from
real per capita income (RGDPPC) to TFP as a robustness test of the re-
sults of table 3, since growth in TFP should be highly correlated with that
of RGDPPC. Since the specification of the first step of our recursive model
is essentially the same in both cases, we focus in this section on the es-
timation of the second step of the model, where the log of TFP (LTFP)
becomes the dependent variable of relevance. The only modification is
that the initial level of LRGDPPC is replaced by the initial level of LTFP
in all first-stage or reduced-form regressions, which we use to predict
INVEC*, while LRGDPPC remains the relevant control variable in the
second-stage regression model, which we use to estimate the effect of
INVEC* on the level and growth rate of TFP.

Tables 5 and 6 present the second-stage regression estimates of the
modified equation (15) with LTFP, rather than LRGDPPC, serving as de-
pendent variable, which correspond to the results in tables 3 and 4. No-
tably, the qualitative results in these tables confirm all the counterpart es-
timates in tables 3 and 4. The only notable difference is that the estimated
rate effects of the investment variable, INVEC, are lower in tables 5 and 6
than their counterparts in tables 3 and 4. This may not be surprising,
since TFP is a constructed dependent variable, based on a restricted
This content downloaded from 128.041.035.171 on September 20, 2017 09:11:40 AM
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All
specificationof theproduction functionofoutputper worker (see Sec. IV.A),
that does not account for any of the external environmental factors enter-
ing equation (15) in tables 3 and 4 (although these variables do enter the
second-stage regression equations as regressors).
TABLE 6
LTFP Regressions: IV Estimates Using Alternative IVs

2SLS
Predicted INVEC* and
T � INVEC* as IVs

Variables
Small Sample

(1)
Large Sample

(2)
Small Sample

(3)
Large Sample

(4)

INVEC 2.376 2.640* 2.606*** 2.441
(.235) (.358) (.171) (.284)

T � INVEC .0152 .0990* .0701*** .0723**
(.0463) (.0559) (.0248) (.0286)

T 2.0113 2.0416* 2.0348*** 2.0311***
(.0203) (.0217) (.0107) (.0119)

LTFP0 .797*** .695*** .806*** .698***
(.0498) (.0532) (.0402) (.0525)

POPEDYRS0 .0129 .00845 .00987 .00862
(.0105) (.00782) (.00913) (.00736)

L(K/L)0 2.0108 .000649 2.0124 .00122
(.0297) (.0274) (.0285) (.0272)

OPEN .102*** .0109 .0892*** .0104
(.0369) (.0129) (.0311) (.0129)

GOV 2.723*** 2.706** 2.715*** 2.677**
(.155) (.349) (.145) (.324)

Constant .195 .172 .345 .0755
(.345) (.446) (.302) (.432)

Region dummies Yes Yes Yes Yes
Sauderson-Windmeiler

F -statistica 5.40 1.88 28.41 18.14
3.44 1.98 63.96 38.43

Robust Kleibergen-Paap
F -statistic b 2.72 2.85 15.70 6.66

(9.480) (9.480) (7.030) (7.030)
Endogeneity test x2 statistic

(p -value) 5.310 2.881 11.044 1.828
(.0703) (.237) (.004) (.401)

R 2 .959 .894 .959 .898
Observations 116 304 116 304
This content downloa
 use subject to University of Ch
ded from 128.041.035.171 on Sep
icago Press Terms and Conditions
tember 20, 2017
 (http://www.jou
Note.—Heteroscedasticity- and autocorrelation-consistent standard errors are in paren-
theses, except where noted. Instrumental variables used include INSTALL0, ENTGRAD0,
INSTALL0�ENTGRAD0,T� INSTALL0,T�ENTGRAD0, andT� INSTALL0�ENTGRAD0

in column 1, and INSTALL0, POPCOLL0, INSTALL0 � POPCOLL0, T � INSTALL0, T �
POPCOLL0, and T � INSTALL0 � POPCOLL0 in column 2. In columns 3 and 4 the instru-
mental variables are INVEC* and T � INVEC*, where INVEC* is the predicted value of
INVEC via the regression models of columns 6 and 8 of table 2, based on the small and large
samples, respectively.
a Sauderson-Windmeiler is a multivariate F -test of the excluded IVs in the reduced-form re-
gressions for INVEC and T � INVEC.
b Robust Kleibergen-Paap is an F -test of weak IVs; the number in parentheses is the critical
value for weak-IV bias up to 10 percent of the IV estimates. F -statistics smaller than the crit-
ical value suggest weak IVs.
* p < .1.
** p < .05.
*** p < .01.
 09:11:40 AM
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Entrepreneurial Human Capital and Endogenous Economic Growth 341
It is also notable that the tests for weak IVs and the presence of
endogeneity in table 6 yield test statistics and inferences that are similar
to those in table 4, where LRGDPPC serves as the dependent variable.
The null of exogenous INVEC and T � INVEC cannot be rejected only
when the alternative IV approach is applied to the small sample, which
is also the only model in which the IVs are strong.
E. Corroborating Diagnostic Tests of the Independent Effect of INVEC
on Level and Rate of Growth of Real Per Capita Income

Equations (14) and (15), as well as the regression analysis reported in
Sections V.B–V.D, implicitly assume that the only way that institutional
factors and the human capital endowments of entrepreneurs increase
the growth rate of per capita income is through their influence on the
critical theoretical construct in our model—investment in EHC (ε) or
its empirical counterpart (INVEC). However, if the institutional and gen-
eral education factors exert independent, and possibly dominating, ef-
fects on the growth rate, then the positive rate effect we ascribe to invest-
ment in EHC may be spurious. To explore this issue, we expand the
regressions where real per capita income (RGDPPC) serves as the depen-
dent variable to include the institution and human capital endowment of
entrepreneurs in addition to INVEC*, thus allowing these former vari-
ables to directly affect the level and growth rate of per capita income.
As the estimates reported in column 1 of table 7 based on the small-

sample results indicate, increases in the institutional index level and our
proxy for the general human capital level of entrepreneurs (ENTGRAD)
by themselves (excluding the effects of INVEC*) are actually found to ex-
ert a negative impact on the growth rate, in the case of ENTGRAD sig-
nificantly so. Similar results are obtained in columns 2 and 3 of table 7,
where we also enter the observed INVEC and T � INVEC or their pre-
dicted values to the regression models, using the small sample.
Columns4–6 repeat the regressions in columns 1–3, using the large sam-

ple. In both sets of regressions we enter our key theoretical variable INVEC
and the institutional and general human capital variables as regressors, to
test whether INVEC will continue to exert an independent and statistically
significant effect on the growth rate of real GDP per capita over and above
that of institutions and general human capital, which by our theoretical
model serve as efficiency variables that augment INVEC’s effect. The re-
sults indicate that this is indeed the case. By contrast, the level and rate ef-
fects of the institutional index and the entrepreneur’s higher-educational
attainmentmeasures, ENTGRAD or POPCOLL, remain negative. Indeed,
when ENTGRAD is used as a measure of general human capital, its effect
becomes both negative and statistically significant. By these results the im-
pacts of the underlying institutional and general human capital factors ac-
tually vanish when INVEC* and T � INVEC are used as regressors, while
the estimated effects of the latter variables remain significant and little
This content downloaded from 128.041.035.171 on September 20, 2017 09:11:40 AM
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All
affected, again in line with our theoretical expectations and the recursive
model we use to implement them.

Note also that the estimated growth (rate) effect of INVEC in table 7 is
always larger when the predicted INVEC* (based on the reduced form) is
used as a regressor, in columns 3 and 6, than when the observed INVEC
is used as a regressor, in columns 2 and 5. This pattern is consistent with
the one observed in table 3, despite the fact that in table 7 the regression
specification is expanded to allow for possible independent, if not dom-
inating, effects of our institutional (INSTALL) and general human capi-
tal (ENTGRADorPOPCOLL) indicators. It is noteworthy that in column6
of table 7, the growth effect of our proxy for investment in EHC, T �
INVEC*, is virtually the same as in column6 of table 3: the comparative val-
ues are 0.104 and 0.114, respectively.

By and large, these estimates warrant the following inferences. First, in-
stitutions and the human capital of entrepreneurs do not have a net in-
dependent positive effect on the growth rate of real per capita income
when investment in EHC (INVEC) is accounted for as a distinct engine
of growth. The level and rate effects of INVEC remain unaffected by the
addition of INSTALL and ENTGRADor POPCOLL and their interaction
with the time trend as regressors in equation (15). Second, it thus appears
that the supportive rate effect emanating from institutions and human
capital works indirectly through investment in entrepreneurial capital.
Third, since in this specification we find the share of college-educated in-
dividuals in the population aged 25 and over to have a positive and signif-
icant net impact on the real per capita income level, but not on the latter’s
rate of growth, this suggests that one way by which general human capital
affects the growth rate of real per capita income is through its impact on
investment in entrepreneurial capital—a point we further explore in the
next subsection.

F. The Growth-Rate Effect of Investment in EHC versus Investment
in General Human Capital

There are a large numberof published studies on the linkbetweenhuman
capital and economic growth using cross-sectional or panel data and con-
ventional estimation techniques (seeSec. II). In these studies, human cap-
ital ismeasured either as a flow variable, basedonenrollment rates by level
of education, or as a stock variable, based on average years of schooling of
the entire adult population or alternative educational categories. Despite
systematic theoretical predictionsof apositive relationshipbetween invest-
ment in human capital and endogenous per capita income growth, the
empirical evidence has beenmixed.13
13 To some degree, this may be the result of erroneously using stock, not flow, measures
of human capital to estimate its effect on growth, or regression specifications involving al-
ternative levels of human capital that drive growth, or of failure to test for reverse causality
going from growth to human capital measures. See Bils and Klenow (2000), Pritchett
(2001), Cohen and Soto (2007), and Ehrlich (2007).
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A possible resolution of the puzzle offered by ourmodel is that general
humancapitalmaycontribute toeconomicgrowth indirectly as anenabler
of the growth impact of EHC, which is more directly linked to product or
process innovation affecting real GDP. A related question is whether alter-
native general human capital measures dominate the net effect of invest-
ment in EHC, as measured by INVEC, when we pit the former against the
latter as drivers of growth.
To answer this question we estimate a series of growth regressions that

allow for direct level and rate effects coming from general human capital
indicators in expanded specifications of equation (15). To do that we em-
ploy two commonly used measures of human capital: school enrollment
rate (flow) and average years of schooling (stock). The estimates are pre-
sented in table 8.
Columns 1 and 2 show the estimated coefficients of our growth regres-

sions in our largest sample, in which college enrollment rate and average
years of college education of the population over 25, respectively, are en-
tered as additional regressors, in addition to INVEC and T � INVEC. In
these regressions, INVEC is entered in its observed form. The estimated
rate effects of INVEC remain positive and statistically significant at the
5 percent level, consistent with our theoretical expectation and in line
with INVEC’s estimated impact when the higher-education level of entre-
preneurs is excluded. This indicates that the positive rate effect of invest-
ment in entrepreneurial capital is independent of any growth-rate effect
associated with general human capital. By contrast, human capital, asmea-
sured by either the college enrollment rate of the population over 25 years
of age or by the average years of tertiary education, is not directly associated
with higher growth rates of per capita income. In fact, human capital has
a positive effect on the real per capita income level but a negative and sta-
tistically significant effect on the latter’s rate of growth. The introduction
of the flow and stock measures of the proportion of the population with
higher education in the regressions summarized by columns 1 and 2
leaves the magnitude of the estimated effect of INVEC just slightly below
estimates of the impact of the same INVEC measure shown in table 3.
We repeat these regressions, using predicted investment in entrepre-

neurial capitalbasedonthereduced-formequationofourrecursivemodel
(eqq. [14], [15]). The estimates are reported in columns 3–6 (in cols. 3
and 4 they are based on the small sample, and in cols. 5 and 6 they are
based in the large sample). By and large, these estimates are qualitatively
similar to those in columns 1 and 2, although the estimated effect of
INVEC* in column 3 does not reach significance level. As before, predicted
investment in entrepreneurial capital results in estimated coefficients
larger than those associated with the observed values of these variables,
while the general human capital proxies remain negative, though not al-
ways statistically significant.
Moreover, inclusion of the general higher-education flow and stock

measures in the large-sample regressions summarized in columns 4–6 of
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table 8 hardly alters the quantitative values of the estimated growth effects
of the predicted investment in EHC (INVEC*) relative to their counter-
parts in columns 5 and 6 of table 3. In all of these regressions, the esti-
mated growth effect of investment in EHC remains statistically signifi-
cant and quantitatively stable within the range of about 1–1.2 percentage
points for a 10-percentage-point increase in investment in EHC.
VI. Conclusion

Our study offers a new way of looking at the impact of entrepreneurship
on sustainable economic growth. The latter is generally captured by two
outcomemeasures: real output or productivity level and its rate of growth.
Entrepreneurship activity, in turn, hasmost commonly been associated in
the voluminous literature on the topic with aggregate measures of the
share of entrepreneurs in the population or the labor force. We have at-
tempted to conceptualize the innovative aspect of entrepreneurship as a
specific form of applied knowledge—firm-specific EHC—that acts as an
intermediating channel connecting two “markets,” using Coase’s (1974)
metaphor: the market for ideas (basic science) and the market for goods
(new goods and production processes). We have pursued this idea by de-
veloping a stylized endogenous-growthmodel and a corresponding econo-
metric model in which entrepreneurial investments in EHC, measured as
the share of the enterprise’s production capacity allocated to innovative
activities—for example, R&D endeavors, training programs, and the time
and effort devoted to them by the entrepreneur and the enterprise’s de-
velopment team—directly affect the level and rate of productivity and real
income growth.

To some degree, the treatment of entrepreneurship as human capital
has been pursued by some of the literature we summarize in Section II.
Our study’s value added lies in two basic innovations. The first is our the-
oretical specification of the production functions of both goods and in-
novative entrepreneurial knowledge, along with the entrepreneur’s un-
derlying preferences, which jointly determine the equilibrium rate of
accumulation of EHC and the dynamic balanced-growth path it charts.
Our basic innovation here is the perception of innovative entrepreneur-
ship, or EHC, as an intermediary between themarkets for goods and ideas
through the translation of ideas, or basic science, into new goods and pro-
duction processes and thus productivity and real income growth. In this
context, we suggest that higher education and institutional factors guaran-
teeing a competitive return to entrepreneurial knowledge are underlying
factors that contribute to growth, albeit to a significant extent indirectly, by
enhancing the investment in EHC.

The second is our specification of a corresponding econometricmodel
that allows a direct implementation of the testable, and rejectable, prop-
ositions of our model against panel data generated by annual GEMAdult
Population Surveys of entrepreneurs and entrepreneurial activity around
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the world. The panel data set we are able to employ is limited by data ex-
igencies that restrict the sample size in terms of the number of countries
and, mainly, the years of data it covers. We also rely on empirical proxies
of our main theoretical constructs. Nevertheless, the basic results we gen-
erate by using two alternative samples, alternative estimation procedures,
and robustness and corroborating tests of our null hypothesis against al-
ternative hypotheses provide strong support for our basic propositions.
In the main, we offer three related propositions imbedded in the spec-

ification of a two-step recursivemodel. Thefirst step, represented by equa-
tion (14), specifies the equilibrium level of investment in EHC (INVEC)
as a function of predetermined institutional protections, guaranteeing a
competitive rate of return to INVEC in a free-market system (for both ideas
and goods production) governed by the rule of law (I ), and the prede-
termined level of general human capital attained by entrepreneurs, which
raise the cost-effectiveness of INVEC. The role of these factors, however,
is also estimated conditionally on measures of the economy’s develop-
ment level, to account for the fact that most states in our sample are in var-
ious phases of transition toward our theoretical steady state of balanced
growth. The second step specifies the dynamic growth path of the repre-
sentative enterprise in the economy as a functionof the actual or expected
level of INVEC, which is similarly conditioned on measures of the econ-
omy’s level of development, capital deepening, and openness to external
trade, as specified by equation (15). The results of our empirical investi-
gation lend strong support to these predictions.
We estimate the recursive model via OLS methods, on the assumption

that investment in EHCby the representative enterprise takes place ahead
of its realized impact on INVEC, as predicted by the representative entre-
preneur. We also allow, however, for a potential feedback effect that oc-
curs as a result of changes in exogenous factors not controlled by the en-
trepreneur, which could, in turn, affect the contemporaneous demand
for investment by the entrepreneur. The empirical evidence we gather by
implementing 2SLS and IV methods to purge potential simultaneity bi-
ases offers inconclusive evidence of simultaneity, since in most applica-
tions, the IVs are weak or the Hausman tests fail to reject the exogeneity
of INVEC. Notably, however, the empirical estimates of the estimated co-
efficients of equation (15) are remarkably similar in magnitude across
both columns 3 and 4 of table 4, where INVEC’s estimated effect is based
on strong IVs, and columns 5 and 6 of table 3, where INVEC’s effect is es-
timated via OLS by using its predicted value (based on the reduced form
of the recursive model) to estimate equation (15). These estimates sug-
gest that a 10-percentage-point increase in investment in EHC could raise
the per capita income growth rate by 0.5–1.1 percentage points.
Our estimates of equation (15) remain stable and of similar order of

magnitude even when we use TFP, rather than real per capital income
(RGDPPC), as the dependent variable in that equation.Moreover, our ba-
sic results concerning the independent role of INVEC in economic growth
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are corroborated when we expand equation (15) to include competing
specifications that allow our institutional index and general human fac-
tors influencing INVEC to become a dominant driver of growth, instead
of INVEC (illustrated in table 7), or whenwe pit investment in EHC as the
engine of growth against the alternative hypothesis that general human
capital, as captured by flow or stock measures of higher education, is the
dominating driver of growth (illustrated in table 8).

Both tables 7 and 8 support the hypothesis that investment in EHC, ap-
proximated by INVEC, exerts independent influence on the economy’s
long-term dynamic growth, and both are not supportive of the hypothesis
that the underlying measures of institutional factors or general measures
of higher education are the exclusive or dominating engine of growth.
These results should not be interpreted, however, as rejecting the hypoth-
esis that general human capital or institutional factors may be the true
underlying engine of growth. In this analysis we have not fully specified
a model of institutions or higher education as drivers of basic science and
innovative ideas, which in turn exert an independent, if not dominating,
influence on long-term growth. The results of our corroborative regres-
sion analyses do suggest, however, that institutional factors, and especially
the higher-education level of entrepreneurs or the general population,
do operate indirectly as drivers of endogenous growth, in part as enabling
factors that enhance the role of EHC formation as an independent chan-
nel driving long-term productivity and per capita income growth.
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