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ABSTRACT

The Continued Search for the Solow Residual:
The Role of National Entrepreneurial Ecosystem*

This paper introduces a new concept in addition to the traditional measures of stocks of
capital, labor, human capital and knowledge, to understand the Solow Residual: National
Entrepreneurial Ecosystem (NEE). The NEE construct is based on a methodology that
combines institutions and human agency into an interdependent system, applying the
configuration theory. We argue that NEE affects the efficiency by which inputs are turned into
outputs shifting the production function. We use data from a representative global survey and
institutional sources to test the model for a cross section of 62 counties over the period 2006-
2010 to test this proposition.
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1. Introduction

The Higgs boson, an elementary building block of modern physics, was first conceptualized
in 1964 and its existence only confirmed in 2013. For economists, the inability to explain
much of the cross country variation in output by inputs, termed the Solow residual, has - like
the Higgs boson - consumed the efforts of a generation of scientists. Thus, Solow in 1957 in
attempting to explain economic growth, could only account for about 13% of variation
through the factors in his growth theory; the remaining residual accounted for 87 percent (see
also Solow, 1956). To resolve this puzzle is important, because what lies behind the residual
is presumed to be both a building block of the modern economy and essential to economic
growth.

Solow (1957) acknowledged that only a part of economic growth was due to increasing
capital and labor inputs; the remainder was caused by technological change. But explaining
the determinants and measuring technological change, like the Higgs boson, has proven to be
elusive. Understanding what would explain the Solow residual has stimulated much research:
ideas have included human capital (education), research and development, patents, and
industry structure (Barro, 1991; Barro and Sala-i-Martin, 1995; Romer, 1986; Aghion and
Howitt, 1992). Thus the original notion of inputs generating outputs through an aggregate
production function has been extended by more sophisticated measures of inputs, and more
complex conceptualizations of the functional relationship and the factors underlying it. While
it has not been difficult to explain how past knowledge creates new knowledge (standing on
the shoulders of giants) it has been hard to find a strong relationship between the stock of
knowledge and total factor productivity: “/.../ the long-run impact of the knowledge (patent)
stock on TFP is small: Doubling the stock of knowledge is estimated to increase TFP only 10
percent in the long run. In other words, the results suggest that while R&D scientists and
engineers greatly benefit from the knowledge and ideas discovered by prior research, the
knowledge they produce seems to have had only a modest impact on measured total factor
productivity (Abdih and Joutz, 2006, p. 244).”

So where do we look? In a recent paper Acs et al. (2014) built on Leibenstein (1968) to
suggest that the answer lies in agency and the institutional structure of the society. Efficiency
had first been linked to entrepreneurship by Schumpeter (1934); and that idea was developed
by Liebenstein with his theory of X efficiency. More recently North (1990) stressed the
importance of institutions in creating the incentive structure and the role of entrepreneurship
to carry out the creation of new combinations of factors (see also: Estrin, Korosteleva,
Mickiewicz, 2013). In other words, as Arrow (1962) pointed out, new knowledge has to be
turned into economic knowledge, and that requires entrepreneurs (Braunerhjelm et al., 2010)
and a suitable institutional structure that generates and supports agency.

How do we know this? In a rather little cited paper by Marshall Goldman we have a clue.
Goldman (1970) replicated, more or less, the Solow results for the Soviet Union. What was
different between the Soviet Union and the United States was not so much in the
development of new technology but in the institutional structure. Goldman estimated that
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while the residual in the U.S. was around 87 percent, in the Soviet Union it was in the range
of 20 percent. In other words, in the Soviet Union, capital and labor explained most of
economic growth. Goldman predicted a decline in Soviet growth rates because neither capital
nor labor alone could replicate the results from the past. Similarly Weitzman (1970) analyzed
the Soviet experiment suggesting that the fundamental difference between the systems was in
institutions and agency.

We therefore propose that the combination of agency and institutions represent the “missing
link” in knowledge based growth models. The stronger the institutions, the more productive
will be entrepreneurship, and the greater the impact of entrepreneurs on growth.
Entrepreneurs are the agents that, by commercializing innovations, provide the transmission
mechanism transferring advances in knowledge into economic growth. However, even where
entrepreneurial initiative is present, this process of transmission may be either hampered or
facilitated by the institutional environment. The idea that institutions are pivotal in explaining
the variation in economic growth, not accounted for by changes in factor inputs, was further
analyzed by Acemoglu and Robinson (2013), and was extended explicitly to consider the
inter-relationship between institutions and entrepreneurship by William Baumol (Baumol,
1990,1993; Baumol and Strom, 2007). Baumol argues that, even if all counties had similar
supplies of entrepreneurship, economic growth and performance would differ as a
consequence of heterogeneity in institutions and, as a consequence, the national incentive
structure: countries with weak institutions will not create productive entrepreneurship but
rather either unproductive or even destructive entrepreneurship (see also: Murphy, Shleifer
and Vishny, 1993; Parker, 2009). Because the Soviet Union had weak market supporting
institutions (Goldman 1970; Ofer, 1987) and poor incentives for wealth-creating
entrepreneurship, much of its entrepreneurship was of the unproductive or even destructive
type. Indeed, in the Soviet legal code, entrepreneurship of the productive type was seen as
criminal activity.

The purpose of this paper is to consider the agency and the institutional context jointly and
therefore to identify the role of the national entrepreneurial ecosystem (NEE) in economic
growth. By NEE we mean the dynamic institutionally embedded interaction between
individuals characterized by entrepreneurial attitudes abilities and aspirations, which drives
the allocation of resources through the creation and operation of new ventures (Acs et al,
2014). We show that a measure of NEE can shed light on the hitherto unexplained part of
variation in economic growth. This is a different version of the Solow residual, because the
original was based exclusively on time series whereas we concentrate on cross country as
well as inter-temporal differences. Yet extending the perspective is critical: cross country
variation is necessary to understand the heterogeneity in NEE, and therefore to understand the
determinants of growth. We estimate a growth model similar to that of Solow for a cross
section of 66 countries between the years 2006 and 2010. The next section presents the
theoretical background of the paper. The third section presents the methodology for
identifying and measuring the National Entrepreneurial Ecosystem (NEE) while the fourth
outlines the data used in our empirical counterpart and our findings. The summary is in the



final section. Our findings support the view that NEE explains cross country differences in
economic growth across different levels of development.

2. Theoretical Background
Solow (1957) proposed to separate variation in national output per head over time due to
technical change from that due to changes in the availability of capital per head. The notion
was understood to have “weak theoretical underpinnings” (Weitzman, 1970) but has been
widely used since, because it represents one of the few ways to bring together the factors
generating economic growth into a single framework. Thus, if Q represents output and K and
L represent capital and labor inputs in physical units, then the Solow aggregate production
function can be written as:

Q =F(K,L;). (1)

The variable t for time appears in F to allow for technical change. Here, the capital time
series is perhaps the most problematic. Ideally what one would like to measure is the annual
flow of capital services. Instead one must be content with a less utopian estimate of the stock
of capital goods in existence.

It will be seen that Solow used the phrase “technical change” as a short-hand expression for
any kind of shift in the production function. Solow estimates the function
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using output per man hour, capital per man hour and the share of capital to disentangle
technical change. Using American data for the period 1909-49 Solow concludes the
following: technical change during that period was neutral on average; the upward shift in the
production function was, apart from fluctuations, at a rate of about one per cent per year for
the first half of the period and two per cent per head for the last half; Gross output per man

hour doubled over the interval, with 87.5 per cent of the increase attributed to technical
change, and the remaining to increased use of capital.

Technological change certainly plays a role in growth, but it is not a deus ex machina as
implied in the Solow’s framing; rather it is the product of endeavour, especially in the fields
of science and engineering. The critical issue is to explain the mechanism enabling the
transition from inventions to economic applications, which raise total factor productivity.
The process is not automatic; in practice many inventions have never been commercialized,
and many economies have been for long periods stagnant (Acemoglu and Robinson, 2013).
This issue was already understood by Schumpeter (1934), who had the intuition that
entrepreneurship is in some way associated with economic growth, though the evidence has
been mixed (van Praag and Versloot, 2007; Carree and Thurik 2013). We argue that this is
because we need a richer model that would account for the interaction between the
entrepreneurs and the institutional context in which the value generating process occurs.
Leibenstein’s (1968) paper aimed to suggest a theory of the economy and entrepreneurship,



in which entrepreneurship is a significant factor in the development process. According to
Leibenstein, the theory of competition gives the impression that there is no need for
entrepreneurship. If all inputs and outputs are marketed and their prices are known, and if
there is a production function that relates inputs to outputs, then we can always predict the
profit for any activity that transforms inputs into outputs. But one to one correspondence
between sets of inputs and outputs is a very strong assumption. For example, contracts for
labor are incomplete, the production function is not completely specified or known, and not
all factors of production are marketed. As a result, a role for those who can handle
uncertainty and for entrepreneurial agency in the process of economic growth emerges.

Related to this, we may distinguish between two types of entrepreneurial activity: routine and
novel entrepreneurship. At one end of the spectrum, routine entrepreneurship is a type of
management; at the other we have Schumpeterian (1934) or novel entrepreneurship. By
routine entrepreneurship we mean the activities involved in coordinating and carrying
ongoing concerns in which the parts of the production function they use are well known, and
which operate in well-established and clearly defined markets. While some uncertainty
remains, no new knowledge is being applied in the process. In contrast, by novel
entrepreneurship (N-entrepreneurship) we mean the activities necessary to create or carry on
an enterprise where not all the markets are well established or clearly defined, and in which
the relevant parts of the production function are not known. In the case of N-
entrepreneurship, not all of the markets exist or operate well and the entrepreneur, if he/she is
to be successful, must fill in for the market deficiencies. The gap filling and input completing
capacities are the unique characteristics of the entrepreneur.

The main obstacle to our understanding of the entrepreneurial factor lies in the conventional
theory of the production function. The basic culprits are the following assumptions: that the
complete set of inputs is specified and known to all actual or potential firms in the industry,
and that there is a fixed relation between inputs and outputs. The first assumption is implicit.
The second assumption is explicit but it is rarely challenged. While in the U.S
entrepreneurship was both abundant and easy to channel into productive uses, in countries
like the Soviet Union it was not, because of institutional conditions, and this affected what
could be produced with inputs based on given technology. We shall return to this point
below.

The Solow residual highlights the issue of what constitutes technical change. According to
Weitzman (1970, p. 686), writing about the Soviet economy, “It is at the point that our
ignorance of what constitutes the residual becomes really annoying. What is it that should be
pushed—increasing returns, labor skills, new innovations, optimal use of resources, better
organization, or what?”

Jones and Romer (2009) identify two types of attempts to explain the Solow residual. The
first is to include the stock of human capital in the production function for a cross section of
countries. The switch from a time series for one country to a cross section has certain
advantages. It allows us to look at different levels of development. Human capital increased
in the United States steadily since 1880, measured for example by years of schooling. The



cohort born in 1920 obtained just over 10 years of education, while the cohort born in 1980
went to school for 14 years. Another way to look at education is by the average years of
education attained for the entire labor force in a given year. By this measure educational
attainment has increased by about one year per decade. This increase contributes about 0.6
percentage point per year to U.S. growth, a significant fraction of our 2% per capita growth.
Barro (1991) in a series of studies for almost 100 countries for the period 1960-1985 found
that growth rate of real per capita GDP was (again) positively related to initial human capital,
proxied by school enrolment rates, and negatively related to the initial (1960) level of real per
capita GDP ( suggesting convergence). .

The more recent advance - endogenous growth theory - has been based on the emergence of
research and development based models of growth, in the seminal papers of Romer (1990)
and Aghion and Howitt (1992). This class of models explicitly aims to explain the role of
technological progress in the growth process. R&D based models view technology as the
primary determinant of growth and treats it as an endogenous variable. These models add the
stock of ideas to the traditional inputs of physical capital and labor. For example, Romer
assumes a knowledge production function in which new knowledge is linear in the existing
stock of knowledge, holding the amount of research labor constant. The idea is expressed in
the simple model where the growth rate is proportional to A/A=F(H,A) where A is the stock
of knowledge and H is the number of knowledge workers (R&D). Because, in the Romer’s
model, long-run per capita growth is driven by technological progress, knowledge growth
will increase long-run growth in the economy. While a country may be more prosperous
because it allocates more resources to innovation, what determines the latter are essentially
preferences. However, human capital and ideas are fundamentally different. Scale effects of
ideas follow immediately from non-rivalry.

Jones and Romer (2009) suggested that progress in growth theory has been based on a
tractable description of production possibilities based on a production function and a small
list of inputs. Modern growth theory has added ideas, institutions, population and human
capital. Physical capital has been pushed to the periphery. Summarizing the stylized facts
they list the following:

e Increased flows of goods, ideas, finance and people—via globalization and
urbanization—nhave increased the extent of the market for all producers and
consumers.

e The variations in rate of growth of per capita GDP increases with the distance from
the technological frontier (convergence) (lbid., p. 3)

e Large income- and TFP differences persist. Differences in measured inputs explain
less than half of the enormous cross country differences in per capita GDP (lbid., p.
3).

e Poor countries are poor not only because they have less physical and human capital
but because they use their inputs much less efficiently (Ibid., p. 18).

Jones and Romer conclude their paper with the observation that “there is very broad
agreement that differences in institutions must be the fundamental source of the wide
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differences in growth rates observed for countries at low levels of income and for low income
and TFP levels themselves.” (Ibid., p.20).

Following this, perhaps the most careful work on institutions has been carried out by
Acemoglu, Johnson and Robinson (2005, p.385). In their survey of institutions as a
fundamental cause of growth they write:

“...though this theoretical tradition is still vibrant in economics and has provided many
insights about the mechanics of economic growth, it has for a long time seemed unable to
provide a fundamental explanation of economic growth. As North and Thomas (1973, p.2)
put it: “the factors we have listed (innovation, economies of scale, education, capital
accumulation etc.) are not causes of growth; they are growth” (italics in original). Factor
accumulation and innovation are only proximate causes of growth. In North and Thomas’s
view, the fundamental explanation of comparative growth is differences in institutions.”

What exactly are institutions? North (1990, p.3) offers the following definition: “Institutions
are the rules of the game in a society or, more formally, are the humanly devised constraints
that shape human interaction....In consequence they structure incentives in human exchange,
whether political, social or economic”.

Of particular importance to growth are the economic institutions in society such as the
structure of property rights and the presence of effective market frameworks. Economic
institutions are important because they influence the structure of economic incentives.
Without property rights, individuals will not have the incentive to invest in physical or human
capital or adopt more efficient technologies. Economic institutions are also important because
they help to allocate resources to their most efficient uses; they determine who gets profits,
revenues and residual rights of control. As we noted for the Soviet Union, when markets were
highly restricted and institutions sent the wrong signals, there was little substitution between
labor and capital and technological change was minimal.

In a seminal paper Baumol (1990) proposed that countries’ institutions create incentives and
that the entrepreneurial talent is allocated to activities “with the highest private return, which
need not have the highest social returns” (p. 506). Therefore, it is not possible to make
inferences about externalities or overall social welfare effects based on generic measures of
entrepreneurship. Universal welfare enhancing outcomes do not automatically follow from
entrepreneurial activity; indeed such activities can generate questionable or undesirable
effects. Entrepreneurial talent can be allocated among a range of choices with varying effects
from wealth-creation to destruction of economic welfare. If the same actor can become
engaged in such alternative activities, then the mechanism through which talent is allocated
have important implications for economic outcomes (Desai, Acs and Weitzel, 2013), and the
quality of this mechanism is the key criterion in evaluating a given set of institutions with
respect to growth.

The comparison of the United States and the Soviet Union is a crucial one to understand how
entrepreneurship and institutions combine to generate long term growth. Weitzman (1970)
replicated the Solow results for the Soviet Union, a country where entrepreneurship existed
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only in illegal forms. What was different between the Soviet Union and the United States was
not so much the generation of technology (they both had nuclear weapons and successful
space programs) but the technological progress in economic applications. Goldman (1970)
estimated that while the Solow residual in the U.S. was around 87 percent, in the Soviet
Union it was in the range of 20 percent; in the Soviet Union additions to capital stocks and
labor rather than technical progress explained most of economic growth.The importance of
this example is that it enables us to isolate the impact of technological innovation from the
institutional change, which in the case of Soviet Union was negligible. If there is low
substitution of capital for labor and fixed technical coefficients of production, the residual
will also be small.

What was the difference between the United States and the Soviet Union that drove these
results? We follow many others, for example Hayek (1945) and Ofer (1987), in proposing
that the answer rests upon the institutional system and the incentives that it created for agents;
yet we differ in simultaneously stressing the role of entrepreneurs. In the United States
institutions of private property and contract enforcement gave entrepreneurs the incentive to
invest in physical and human capital, to combine inputs in ways to create new production
functions, and to complete markets. In the Soviet Union, there was also entrepreneurship, but
it took the unproductive and destructive forms (Aidis, Estrin, Mickiewicz, 2008).

We are therefore hypothesizing that it is entrepreneurs operating in productive institutional
environments, in Baumol’s sense, that provide the transmission mechanism from knowledge
to economic growth. This leaves open the question of how to operationalize the features
which make the economic system efficient in this process. If we accept that entrepreneurs are
important for the efficient working of the system, to create or carry on an enterprise, where
not all the markets are well established or clearly defined and in which the relevant parts of
the production process are not completely known, an obvious way to approach the problem is
to try to incorporate this into a production function. However this is not a simple task. We
suggest that one way to test the efficiency of the process is to incorporate N-entrepreneurship
into a system that combines institutions and agency (Acs, Autio and Szerb, 2014). Like
Barro, who introduced human capital into the production function, we ask the question: to
what extent does entrepreneurship (within a context of specific institutions) improve our
explanation of the growth process, i.e. reduce the Solow residual? We cannot talk about
institutions without talking about the individuals who will in fact be providing the value-
creating services.

The Romer model (1990) mentioned above gives us a starting point to frame investigation of
sustainable rate of technological progress according to the national knowledge production
function:

Ai= SHa PAC



where 6 denotes (average) research productivity, ¢ is the elasticity of research productivity of
research workers, and A measures the elasticity of inter-temporal knowledge spillover from
the past on current research efforts (standing on the shoulders of giants). Romer assumed a
particular form of the knowledge production function. He imposed the restriction ¢=1 and
A=1. The key restriction made by Romer, however, is $=1. This makes A linear in A, and
hence generates growth in the stock of knowledge (A/A that depends on La unit
homogeneously:

A/A = SLA,

That is, the steady state growth rate of the stock of knowledge depends positively on the
amount of labor devoted to research and development. This key result has important policy
implications: Policies in a country which permanently increase the amount of labor devoted
to research have a permanent long run effect on the growth rate of the economy.

The Romer paper captures two important relationships. First, long-run knowledge
productions function where the flow of new knowledge depends positively on the existing
stock of knowledge A, and the number of R&D workers L. Second, a long run positive
relationship between total factor productivity and the stock of knowledge in a particular
national context is assumed. The results indicate the presence of strong inter-temporal
knowledge spillovers. The elasticity of new knowledge with respect to existing stocks of
knowledge ¢ is at least as large as unity. “However, the long-run impact of the knowledge
stock on TFP is small: doubling the stock of knowledge in estimated to increase TFP by only
10 percent in the long run” (Abdih and Joutz, 2006, p. 244). The focus of the transmission
mechanism between knowledge and TFP is needed to explain the parameter A above.

The primary breakthrough contributed by new growth theory is the recognition that
investment in knowledge and human capital endogenously generate economic growth
through the spillover of knowledge. However, endogenous growth theory does not explain
how or why intra-temporal knowledge spillover occurs. TFP growth depends on the
accumulation of knowledge and its diffusion through both incumbent organizations and
entrepreneurial activity. It suggests further that entrepreneurs are a missing link in the
conversion of new knowledge into economically relevant knowledge (Michelacci, 2003; Acs
and Sanders, 2013).

2 Acs and Sanders (2013) develop a model that separates entrepreneurship from profit-
motivated corporate R&D aimed at improving existing production processes. The model
embeds the core idea of agency into established knowledge-based growth models by
enriching their knowledge structure. Generating knowledge and commercialization are two
separate and costly activities, both of which need to be properly rewarded if the private sector
is to engage in them.



3. National Entrepreneurial Ecosystems: a methodology

There is a growing recognition that entrepreneurship theory focused only on the entrepreneur
maybe too narrow. This is why researchers now discuss entrepreneurship ecosystems, support
ecosystems or systems of entrepreneurship (Furerlinger, Funke and Fandle, 2014). While
different approaches have different merits, none of the existing approaches addresses the
dynamics of entrepreneurship ecosystems. The national entrepreneurial ecosystem (NEE)
approach is based on three important premises that provide an appropriate platform for
analysing entrepreneurial ecosystems. First, entrepreneurship is fundamentally an action
undertaken and driven by agents on the basis of their incentives. Therefore, individual level
data is needed to capture the dynamics of an entrepreneurial ecosystem. Second, the
individual action is affected by a country’s institutional framework for entrepreneurship.
Therefore, country-level data on entrepreneurship framework conditions are also needed to
capture the dynamics of an entrepreneurial ecosystem. Third, entrepreneurship ecosystems
are complex, multifaceted structures in which many elements interact to produce systems
performance, thus, the index method needs to allow the constituent elements to interact.
Therefore, we define NEE as the dynamic institutionally embedded interaction between
individuals’ actions, which drives the allocation of resources.

This definition implies that NEE conceptualizes entrepreneurship as a trial-and-error process
of knowledge spillovers and resource allocation that is driven by individuals and regulated by
context, and that drives the allocation of resources toward productive use in the economy. In
short, entrepreneurs crate new ventures to pursue perceived opportunities. However, it is
impossible to prove in advance that a perceived opportunity is real—that is, if it will develop
as expected—and the only way to test it is to mobilize resources. If the opportunity is not
real, or if the country’s framework conditions do not support the effective conversion of
opportunities into new business growth, entrepreneurs will abandon the opportunity and put
the resources to other uses. The net outcome of this dynamic process is an increase in the
country’s total factor productivity, a key determinant of economic growth.

The index approach was designed to captures the ability of a given country’s entrepreneurial
ecosystem (NEE) to contribute to total factor productivity and, therefore, to economic
growth. This means that the NEE is fundamentally a quality index rather than a quantity
index. The most important aspect of entrepreneurship from an economic perspective is not
the quantity but the quality. We have built an empirical framework, Global Entrepreneurship
& Development Index (GEDI), to measure NEE and its consequences for economic growth
(Acs, Autio Szerb, 2014). Perhaps the most important feature of it arises from the “penalty
for bottleneck approach, which stems from the notion that system elements coproduce
system performance and bottleneck factors therefore may hinder the performance. For
example, funding policies will be effective only if financing is a bottleneck that is inhibiting
the creation and growth of new productive businesses. However, if the real bottleneck is
entrepreneurial skills, providing additional money for new business may not improve the
economy’s entrepreneurial performance. Therefore, to produce real and lasting change in the
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dynamics of countries’” entrepreneurial entrepreneurship ecosystems, entrepreneurship
policies need to address ecosystem bottlenecks in a coherent and coordinated way.

We borrow a term from biology to guide our modelling of agency and institutions—
ecosystem—to create the concept of a national entrepreneurial ecosystem. An ecosystem is
defined as:

“An ecosystem is a community of living organisms in conjunction with the nonliving
components of their environment, interacting as a system. These biotic and abiotic
components are regarded as linked together through nutrient cycles and energy flows”.*

The concept of an ecosystem needs to be adapted from biology to economics. Accordingly,
we combine both biotic (agents) data and abiotic (institutions) components and we develop a
system that links institutions and agents through a NEE where each biotic and abiotic
components are reinforced by the other at the country level. The system includes the stock of
institutions and the stock of entrepreneurship and a theory as to how they interact through the
flows of knowledge (nutrients) and human capital (energy). The nutrient of the economic
ecosystem depends on knowledge, both the stock of knowledge and the flow of new
knowledge as outlined in Romer (1990). This exogenous stock of knowledge provides the
inputs into economic growth. However, turning knowledge into economic knowledge is not
automatic (Arrow, 1962) and agency is needed to complete the production function and to fill
in markets (Leibenstein, 1962). For example, contracts for labor are incomplete, the
production function is not completely specified or known, and not all factors of production
are marketed. As a result, a role for entrepreneurial agency in the process of economic growth
emerges.

We recognize that country level entrepreneurship is a multifaceted phenomenon where
individual capabilities and actions are contextualized by institutional incentives. This
approach proposes that the building blocks (pillars) of entrepreneurial activity cannot be
viewed in isolation. On the contrary, they constitute a system where the final outcome is
moderated by the weakest performing pillar. Different economic ecosystems will have
different outcomes in different parts of the world as the different agents and institutions
interact.*

Following Acs, Autio and Szerb (2014, p.479) we operationalize the country-level economic
ecosystem by “entrepreneurial attitudes, entrepreneurial abilities, and entrepreneurial
aspirations by individuals, which drives the allocation of resources through the creation and
operation of new ventures.” Utilizing these dimensions, we propose four levels index-
building: (1) variables, (2) pillars, (3) sub-indices, and finally (4) the super-index. All three
sub-indices contain several pillars, which can be interpreted as quasi-independent building

® https://www.google.com/?2gws_rd=ssl#g=ecosystem August 4, 2014.
* The introduction of a foreign species (immigrants) into the system will cause dynamic

changes.
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blocks. The sub-indices of attitudes, abilities, and aspiration constitute the entrepreneurship
super-index. The structure of the index is in Table 1 while the detailed description of the
variables can be found in the Appendix.
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The methodology has been designed to capture these core features of the NEE in three ways.
First, we approach country-level entrepreneurship as a systemic phenomenon, which is
determined by the interaction between individual-level capabilities and initiations and
country-level possibilities measured by institutional framework conditions. Second, we take
into account that the marginal improvement of the fourteen pillars of entrepreneurship may
differ; and equalizes the marginal effects over the pillars. This feature is vital for resource
allocation optimization and improvement. Third, we respect the imbalance of the fourteen
pillars in the country level and adjust scores according to the relative size and magnitude of
the dis-harmonization.

This produces a multifaceted index that reflects the complexity of country-level
entrepreneurial ecosystems. It measures 14 different aspects of entrepreneurship ecosystems
that are organized into Attitudes, Abilities and Aspirations. Positive attitudes are needed so
that competent individuals choose entrepreneurship over alternative occupations. The ability
aspect reflects the quality of the resulting new ventures within their national context.
Aspirations reflect these ventures’ potential to achieve rapid growth and high productivity.

Each pillar is measured as a composite of individual-level data and data that describe relevant
framework conditions for entrepreneurship. For example, Start-up Skills captures whether
adult individuals think they have the necessary skills to start a new venture, weighted by a
measure of the degree of tertiary education in the country. This framework variable is used
because the higher a country’s level of education, the higher the quality of its entrepreneurial
ventures tends to be. Each individual variable is then weighted by a relevant framework
condition that regulates a given individual-level variables potential to contribute to a high
quality entrepreneurial dynamic. In other words, this approach captures the notion that
entrepreneurship ecosystems are brought to life by individual agents, but the ultimate impact
of individual-level action is regulated by institutional framework conditions.

The idea of the harmonization of the components of a system goes back to configuration
theory (Miller 1986). The interrelation of the system’s elements is the core feature of the
Theory of the Weakest Link (TWL) and Theory of Constraints (TOC) constructs which argue
that the performance of the system depends on the lowest value component in the structure.
The TOC proposes that system improvement can only be accomplished if the binding
constraint is removed (Goldratt, 1994). The TWL holds that the elements of a system can
only be partially substitutable with one another (Yohe and Tol, 2001); this is a feature of our
own approach — the Penalty for Bottleneck methodology. The weakest link postulate is also
in Lazear who claims that entrepreneurs are rather generalist than specialist; a “jacks-of-all-
trades.” (Lazear, 2004). In our framework, as a consequence, success of a business will
depend on the entrepreneur’s weakest skill. The optimization of the additional resources
requires equalizing the marginal effects of the pillars across the system; that is a unique
feature of the methodology (see Appendix A).

The methodology captures two other important aspects that define entrepreneurial
ecosystems. First, it recognizes that the different pillars need to work together to create a
high quality ecosystem dynamic. Traditional indexes fail to capture this aspect. In traditional
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indexing methods, the different components (pillars) are allowed to substitute for one
another. If one or more pillars perform poorly, it is likely to hold back the performance of the
entire system. Second, the notion of bottlenecks derives directly from the notion that
ecosystem elements interact to co-produce ecosystem performance. Because one cannot fully
substitute individual pillars for others, poorly performing pillars can create bottlenecks that
prevent the ecosystem from fully leveraging its strengths. To simulate this effect the index
methodology applies a ‘penalty for bottleneck’ algorithm. This algorithm systematically
penalizes ecosystem pillars according to its poorly performing pillars. These methodological
innovations of the index provide important insights into the workings of entrepreneurship
ecosystems.

The scores for all the countries are calculated according to the following methodology.®

1 The selection of variables: We start with the variables that come directly from the
original sources for each country involved in the analysis. These variables can be at
the individual level (personal or business) derived from the Global Entrepreneurship
Monitor (GEM), Adult Population Survey or the institutional/environmental level
from various other as shown in the Appendix. Individual variables for a particular
year are calculated as the two year moving average®. Institutional variables reflect the
most recent available data in that particular year. Altogether we employ 16 individual
and 15 institutional variables (for details see Acs et al., 2014).

2 The construction of the pillars: We calculate pillars by multiplying the individual
variable with the appropriate institutional variable.

Zi,j = indl-,]- X insi,j (3)

for all j=1 ... k, the number of pillars, individual and institutional variables
where z; ; is the original pillar value for country i and pillar j
ind; ; is the original score for country i and individual variable ]

ins; ; is the original score for country i and institutional variable

> These index building points mainly follow the OECD methodology guide (OECD Handbook 2008).
® Provided a country has two consecutive years’ individual data. Single year data are used if a country
participated in the survey only in a particular year.
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3 Normalization: pillars values were first normalized to a range from 0 to 1 according
to equation 4:

X = iy (4)

for all j=1 ... k, the number of pillars

where x; ; is the normalized score value for country i and pillar j
z; j is the original pillar value for country i and pillar j

max z; ; is the maximum value for pillar j

4 Capping: All index building is based on a benchmarking principle. We selected the
95 percentile score adjustment meaning that any observed values higher than the 95
percentile is lowered to the 95 percentile. The benchmarking calculation is based on
the data set containing 77 countries and 234 data points for the 2006-2010 time
period.

5 Average pillar adjustment: The different averages of the normalized values of the
indicators imply that reaching a given value require different effort and resources. The
additional resources for the same marginal improvement of the indicator values
should be the same for all indicators. Therefore, we need a transformation to equate
the average values of the components. Equation 5 shows the calculation of the

average value of pillar ).

n. ()

We want to transform the x;; values such that the potential minimum value is 0 and the
maximum value is 1:

k

Yi.i =X (6)
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where K is the “strength of adjustment”, the K -th moment of X is exactly the needed

average, Y, . We have to find the root of the following equation for k

n

Z Xi;—ny; =0
i=1 (7)

It is easy to see based on previous conditions and derivatives that the function is decreasing
and convex which means it can be quickly solved using the Newton-Raphson method with an

initial guess of 0. After obtaining K the computations are straightforward. Note that if

k<1

e
A
=

k>1

—

x| x|
Vool
< <

I

that is K be thought of as the strength (and direction) of adjustment.

The adjusted pillar values are calculated for the 2006-2010 time period. The frequency
distributions for the average pillar adjustments are shown in Appendix A with means,
standard deviations and the number of observations.

6 Penalizing: After these transformations, the penalty for bottleneck methodology was
used to create indicator-adjusted values. The Marginal Rate of compensation means
that a loss in one pillar can be compensated by the same increase in another pillar.
However, this is not realistic because of the law diminishing returns. Therefore the
penalty should rise at an increasing rate. Modifying Casado, Tarabusi and Palazzi’s
(2012) original function for our purposes we define the penalty function as:

h(i),j = min y(l),] + a(l - e_b(y(i)j_min Y(i),j)) (8)
where h; ; is the modified, post-penalty value of pillar j in country i

yi,;j is the normalized value of index component j in country i

Ymin 1S the lowest value of y; ; for country i.

i=12,...... n = the number of countries
=12,....... m = the number of pillars

0 <a, b <1 are the penalty parameters; the basic setup is a=b=1
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The PFB pillars improved the correlation, implying a closer relationship between the
entrepreneurial features. The positive connection between the pillars is vital for proper policy
interpretations and suggestions. If the connection between the pillars were negative, it would
imply that one pillar can only be improved at the cost of the other pillars.

7 The pillars are the basic building blocks of the three sub-indices: entrepreneurial
attitudes, entrepreneurial abilities, and entrepreneurial aspirations. The value of a sub-
index for any country is the arithmetic average of its PFB-adjusted pillars for that sub-
index multiplied by a 100. The maximum value of the sub-indices is 100 and the
potential minimum is 0, both of which reflect the relative position of a country in a
particular sub-index.

5

ATT, = 1002 h 9a)
=1
9

ABT, = 1002 b (9b)
j=6
14

ASP, = 1002 h 90)
j=10

where h; ; is the modified, post-penalty value of pillar j in country i
i=1,2,..... n = the number of countries

=12,....... 14= the number of pillars

8. The super-index is simply the average of the three sub-indices. Since 100 represents
the theoretically available limit the GEDI points can also be interpreted as a measure
of efficiency of the entrepreneurship resources in a particular institutional setting:

1
wherei=1,2,...... n = the number of countries
We suggest that this dynamic index construction is particularly useful for evaluating the

economic ecosystem in a particular country, and therefore to be fitted into an aggregate
production function to capture simultaneously entrepreneurial effort and its efficiency.
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Although one could argue that entrepreneurship is a horizontal policy concept with relevance
across a number of traditional policy domains (e.g., trade policy, regulatory policy, fiscal
policy), the application of the dynamic index would enable the measurement of the
effectiveness of different policy steps toward entrepreneurship. This method could rearrange
the ranking of the countries for a particular feature. This approach captures the essential
features of the NBL approach to economic growth including factors that are not proximate
causes of growth.

4. Data and Results
In this paper, we propose the concept of the national entrepreneurial ecosystem and attempt
to measure its impact on economic growth. The measure is complex as it assumes
interdependence between many individual dimensions that capture both institutions and
entrepreneurship. It is therefore a data intensive exercise. Yet until 1998, which is when the
Global Entrepreneurship Monitor (GEM) data were first collected for ten countries, there
were no cross-country comparative measure of entrepreneurial activity that could be utilised
for a study of this type. Likewise, it is only recently that multiple efforts to operationalise and
measure the institutional dimensions emerged. Taken together, these facts imply that we still
face very serious data constraints that in turn limit both the range of feasible estimators and
the power of econometric tests we can apply to investigate correlations between our proposed
empirical measure of national entrepreneurial ecosystem and economic growth.

In testing the latter relationship we rely on the aggregate production function approach. The
standard factors of production (capital and labour) are augmented with our variables of
interest. The limiting factor is availability of longitudinal data on entrepreneurship as
provided by GEM, and with a relatively small dataset, it is difficult to implement more
ambitious functional forms.

4.1. Data and descriptive statistics

The data on real GDP growth, fixed capital investment and labour derive from the Penn
World Table (PWT version 8). The PWT project originates with the Center for International
Comparisons of Production, Income and Prices at the University of Pennsylvania (Heston et
al., 2012) and is now run jointly by the team at the University of California at Davis and
University of Groningen (Feenstra et al., 2013). The project team also secured assistance and
cooperation from the statistical offices of the World Bank, OECD and EU. The unique
feature of the latest version of the PENN table is availability of capital stock and investment
data. PENN data is considered of top quality and has been used widely for empirical work on
economic growth.

The growth data we use in our estimations are summarized in table below.
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Table 2. Growth data used in estimations

Country
Argentina
Australia
Belgium
Bosnia
Brazil
Canada
Chile

China
Colombia
Croatia
Denmark
Dominican R
Ecuador
Finland
France
Germany
Greece
Guatemala
Hong Kong
Hungary
Iceland
India

Iran

Ireland
Israel

Italy
Jamaica
Japan

Latvia
Malaysia
Mexico
Netherlands
Norway
Pakistan
Peru
Portugal
Romania
Russia
Saudi Arabia
Serbia
Singapore
Slovenia
South Africa
South Korea
Spain
Sweden
Switzerland
Taiwan
Thailand
Trinidad
Tunisia
Turkey
Uganda

UK

United States
Uruguay
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Mean
0.07
0.03
0.02
0.00
0.04
0.03
0.04
0.11
0.04
0.02
0.01
0.04
0.02
0.02
0.01
0.01
0.00
0.03
0.06
0.01
0.02
0.07
0.04
0.03
0.03
0.00
0.00
0.01
0.00
0.06
0.04
0.01
0.01
0.03
0.07
-0.02
0.00
0.03
0.05
0.00
0.07
0.02
0.03
0.03
0.02
0.03
0.02
0.04
0.05
-0.01
0.03
0.04
0.06
0.01
0.02
0.06

Std. Dev.
0.03
0.00
0.02
0.02
0.02
0.01
0.02
0.02
0.02
0.04
0.03
0.01
0.02
0.04
0.02
0.03
0.04
0.01
0.04
0.04
0.05
0.04
0.02
0.03
0.02
0.03
0.03
0.03
0.11
0.01
0.01
0.02
0.02

0.03

0.06
0.06

0.05
0.02
0.04
0.02
0.03
0.03
0.01
0.02

0.00

0.04
0.00
0.03
0.02
0.02

Min
0.01
0.03
-0.03
-0.03
0.00
0.02
-0.01
0.09
0.02
-0.07
-0.06
0.03
0.00
-0.09
-0.03
-0.05
-0.07
0.03
0.03
-0.07
-0.07
0.04
0.02
-0.02
0.01
-0.06
-0.03
-0.06
-0.20
0.05
0.04
-0.04
-0.02
0.03
0.01
-0.02
-0.07
-0.08
0.05
-0.04
0.04
-0.08
-0.02
0.00
-0.04
0.02
0.00
0.04
0.05
-0.01
0.03
0.01
0.06
-0.04
-0.03
0.02

Max
0.09
0.04
0.03
0.02
0.07
0.03
0.06
0.13
0.07
0.05
0.03
0.05
0.04
0.05
0.03
0.04
0.05
0.04
0.08
0.04
0.08
0.09
0.06
0.06
0.05
0.02
0.03
0.04
0.11
0.07
0.05
0.04
0.04
0.03
0.09
-0.02
0.07
0.08
0.05
0.04
0.09
0.07
0.05
0.06
0.04
0.04
0.03
0.04
0.05
-0.01
0.03
0.08
0.06
0.04
0.03
0.09



The construction of GEDI index was described above, and for our robustness checks we
utilise the human capital index, now also incorporated into the PENN tables. This is
important as we wish to contrast our results with those based on a measure anchored in earlier
versions of growth theory as discussed above. The human capital index (per person) is based
on two dimensions: years of schooling (Barro and Lee, 2013) and returns to education
(Psacharopoulos, 1994). Note that we are only able to use a subset of the countries available
in the PENN tables for the test of the effect of the entrepreneurial ecosystem because of the
limited availability of GEDI data.

A correlation table follows next. Our sample for the table is drawn on the 2003-2011 period
that is available for all indicators.

Table 3. Variables definitions and descriptive statistics

Name Description Mean St. Dev.

d_In_rgdpana Logarithmic change (year to year) in real 0.026 0.038
GDP at constant 2005 national prices in mil.
2005 US$ (from PENN World Table v.8).
Dependent variable

d In_emp Logarithmic change (year to year) in number | 0.011 0.025
of persons engaged (in millions) (from PENN
World Table v.8)

d_In_rkna Logarithmic change (year to year) in capital 0.035 0.023
stock at constant 2005 national prices (in mil.
2005 US$) (from PENN World Table v.8)

d GEDI Change in GEDI index, system version with | 0.724 3.798
penalties for bottlenecks, year to year (source:
authors’ calculation)

d _hc Change in index of human capital per person, | 0.014 0.013
based on years of schooling (Barro/Lee,
2012) and returns to education
(Psacharopoulos, 1994) (from PENN World
Table v.8)
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Table 4. Correlation matrix
D.In_rgdpana D.In_emp D.In_rkna D.gedi D.hc

_____________ o
D.In_rgdpana | 1.0000

D.In_emp | 0.6224 1.0000

D.In_rkna | 0.5285 0.3835 1.0000

D.gedi | 0.1228 0.1117 0.0760 1.0000
D.hc | 0.0773 0.0893 0.1502 0.0230 1.0000

We also present the results of the simple correlation between change in Gedi and rate of
growth (R squared at 12.3% as in the table above) in a form of a graph. This simple
correlation is significant at 5% level.

Figure 1. Change in GEDI and Growth Rate

2
1

GDP growth rate
0
l

T T T
-10 0 10
Change in GEDI index

4.2. Methods of estimation

The data comes with gaps which makes the application of demanding estimation techniques,
which rely on instrumenting, hard to implement. In particular, successfully applying dynamic
panel data models based on generalised methods of moments proved to be impossible, due to
the fact that we do not have a sufficient number of longer sequences of data for countries in
our sample. For that reason we fall back on robust, even if less efficient, fixed effects
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estimator. At the same time, to enhance robustness, we apply one additional measure: we take
our variables in first differences — therefore, we have economic growth regressed on
employment, fixed capital, the measure of the national entrepreneurial ecosystem and human
capital dynamics. The specification we use follows a design where a simple production
function is gradually augmented by other elements, as for example in Estrin et al. (2007).

Consistent with that we first estimate a model which only includes our measures of capital
and labour (eg. 1 in Table 3). Next, we introduce the full system version of the GEDI index.
Finally in equation 3, we also include the human capital index, so we have it jointly with the
GEDI index and PENN-based measures of labour and capital. When we include only
measures of the human capital index, it is not significant and so the results are not reported.

Results of all these estimations are presented in table below.
Table 5: Estimates of economic growth model

DEPENDENT VARIABLE: GDP GROWTH RATE

(1) ) ©)
VARIABLES
Capital 0.563*** 0.622** 0.640**
(0.119) (0.225) (0.232)
Employment 0.252%*** 0.746***  0.736***
(0.0701) (0.110) (0.112)
Human capital index 0.0120
(0.139)
GEDI: system version 0.000512+ 0.000510+
(0.000288) (0.000287)
Constant 0.0138** -0.00434  -0.00486
(0.00490) (0.00708)  (0.00751)
Observations 1,796 287 284
R-squared 0.111 0.444 0.443
Number of countries 165 56 55

Notes : Fixed effects estimator. Robust standard errors in parentheses. All explanatory
variables as rates of growth (approximated by logarithmic differences)
*** n<0.001, ** p<0.01, * p<0.05, + p<0.10
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4.3 Results

Equation (1) estimates a basic production function using the entire Penn table dataset. The
effect of investment comes as positive and highly significant. The same applies to the effect
of labor. Both coefficients are in a plausible range. The effect of investment is stronger, but
comparing these two, one needs to keep in mind Solow’s argument which is that investment
often has technological change embedded in it. It is worth reiterating that the production
function performs well despite the fact that the models we apply are demanding (first
differencing, use of fixed effects). In equation (2) we include a full, system version of GEDI
though to the more limited dataset. The production function continues to perform well despite
the decline in country coverage. The GEDI index is weakly significant. One may also note
that for the model with GEDI, the relative strength of labour and capital effects changes: now,
the effect of labour becomes stronger compared with the effect of capital. It is as if the GEDI
measure that combines influence of the institutional setup and entrepreneurship absorbed
some of the effect that the capital variable was capturing before; the latter due to an omitted
variable bias. In the final equation we add the human capital index so we have it jointly with
GEDI in the same equation. The amount of explained variance does not increase and GEDI
index remains significant and the human capital index is insignificant. Thus GEDI seems to
capture much of the effect that has previously been interpreted as deriving from human
capital.

We get a flavour of the strength of the effects by calculating linear predictions for different
values of change in the GEDI index. The predicted rate of GDI growth, at mean value of
change in GEDI of 0.7, is 2.6%. One standard deviation above the mean change in GEDI (at
4.5%) we get predicted GDP growth at 2.8%. For a change in GEDI one standard deviation
below the mean (at -3.1%) we get GDP growth at 2.4%. This annual effect does not seem
large, but obviously it has much more significant impact if the positive change in the
ecosystem continuous over a period of several years. In our data, an example of a positive
change in GEDI that continued over a period of several years in 2000s is Croatia; an example
where negative changes in GEDI dominated over positive ones is Argentina.

5. Conclusions

In this paper we argue that while the formal institutions conducive to generating wealth create
necessary conditions for economic development, these are not sufficient conditions. It is only
when the opportunities generated by strong institutional frameworks are realised by
entrepreneurs through an ecosystem that economic growth follows. Entrepreneurs
commercialize innovations and therefore represent the mechanism transferring advances in
knowledge into growth. The stronger the institutions, the more productive will be
entrepreneurship and the greater the impact of entrepreneurs on growth. We therefore propose
that the combination of agency and institutions represent the “missing link” in knowledge
based models of economic growth.
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We have therefore argued that individual agency and the institutional context have to be
considered jointly and proposed that this can be done by identifying the role of the national
entrepreneurial ecosystem in economic growth. It is the interaction of private initiative and
adequate institutional frameworks shaped by collective choice that deliver economic growth
and this is what is captured by the concept of the entrepreneurial ecosystem. To test the role
of the entrepreneurial ecosystem, we drew on the operationalization of this idea by Acs et al.
(2014) in the form of GEDI index. It is important that we find the system version of GEDI
correlates with growth; one that operationalizes the concepts of bottlenecks and claims these
have particularly negative effects on development. The policy message is that a weak
performance on a particular feature, such as a bottleneck, should be handled first because it
has the most negative effect, dampening impact of all the other features.

Our contribution is primarily conceptual as our empirical counterpart is seriously constrained
by data availability, yet in the latter we have shown that a measure of the national
entrepreneurial ecosystem does have a (weakly) significant impact on cross country growth
pattern over time, even if the number of countries under consideration is relatively small and
the estimation methods employed are demanding. Moreover, our results indicate that GEDI
enables us to increase the share of explained variance in total variance significantly, and the
results hold when controlling for an alternative explanation taken from the literature on
determinants of economic growth that is human capital.

In this paper we have been inspired by the comparison between the Soviet Union and the
United States to explain the source of the Solow residual. All explanations of the Solow
Residual so far have focused on stocks of Capital, Labor, Human Capital and Knowledge and
all of them have explained less than 50% of the residual. We instead propose that the systems
approach which combines individual agency with institutions might be a more fruitful place
to look for the explanation.
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Appendix A

The description of the individual variables used in the GEDI

Individual
variable

Description

Opportunity

The percentage of the 18-64 aged population recognizing good conditions to

Recognition start business next 6 months in area he/she lives,

Skill The percentage of the 18-64 aged population claiming to possess the

Perception required knowledge/skills to start business

Risk The percentage of the 18-64 aged population stating that the fear of failure

Acceptance would not prevent starting a business

Know The percentage of the 18-64 aged population knowing someone who started

Entrepreneurs | a business in the past 2 years

Carrier The percentage of the 18-64 aged population saying that people consider
starting business as good carrier choice

Status The percentage of the 18-64 aged population thinking that people attach

high status to successful entrepreneurs

Career Status

The status and respect of entrepreneurs calculated as the average of Carrier
and Status

Opportunity

Percentage of the TEA businesses initiated because of opportunity start-up

Motivation motive

Technology Percentage of the TEA businesses that are active in technology sectors (high
Level or medium)

Educational Percentage of the TEA businesses owner/managers having participated over
Level secondary education

Competitors

Percentage of the TEA businesses started in those markets where not many
businesses offer the same product

New Product

Percentage of the TEA businesses offering products that are new to at least
some of the customers

New Tech

Percentage of the TEA businesses using new technology that is less than 5
years old average (including 1 year)
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Percentage of the TEA businesses having high job expectation average (over
Gazelle 10 more employees and 50% in 5 years)

Percentage of the TEA businesses where at least some customers are outside
Export country (over 1%)

Informal The mean amount of 3 year informal investment

Investment

Mean

Business The percentage of the 18-64 aged population who provided funds for new
Angel business in past 3 years excluding stocks & funds, average

Informal The amount of informal investment calculated as INFINVMEAN*

Investment BUSANG
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GEDI Components: Distribution tables
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