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CONFIGURATIONS OF KNOWLEDGE-INTENSIVE
ENTREPRENEURIAL ECOSYSTEMS

Configuracoes de ecossistemas de empreendedorismo intensivo em conhecimento

Configuraciones de ecosistemas de emprendimiento intensivo en conocimiento

ABSTRACT

The dominant discourse on Entrepreneurial Ecosystems (EE) remains focused on the profile of a han-
dful of successful locations. This has hindered a deeper comprehension of the economic mechanisms
that shape evolutionary trends in entrepreneurial activity and how they operate in distinct places. We
propose that EE have regularities, but they can also assume different configurations, i.e., varying com-
binations of influential dimensions. Through fuzzy set qualitative comparative analysis, we address this
issue with data from the State of S3o Paulo, Brazil. This research focuses on five EE dimensions: Science
& Technology, Human Capital, Market Dynamics, Business Dynamics, and Infrastructure. Findings point
at the heterogeneous nature of EE distributed in three different paths. While configurations’ vary in
terms of causal conditions, research universities, knowledge-intensive jobs and wider credit operations
are core-causal conditions. Proximity to the main economic hub appears as a key differentiator among
ecosystems.

KEYWORDS | Entrepreneurial ecosystems, knowledge-intensive entrepreneurship, qualitative compara-
tive analysis, configurations, geography of innovation.

RESUMO

O discurso dominante sobre os ecossistemas de empreendedorismo (EE) enfatiza o perfil de algumas
localidades com reconhecido historico de sucesso. Isso tem dificultado uma compreensdo mais pro-
funda dos mecanismos econémicos que moldam as tendéncias evolutivas na atividade empreendedora
e como elas operam em lugares distintos. N6s propomos que esses ecossistemas possuem regulari-
dades, mas elas também podem assumir diferentes configuracbes. Por meio de técnicas de fuzzy-set
Qualitative Comparative Analysis (QCA), abordamos essa questdo com dados do estado de Sao Paulo.
Esta pesquisa concentra-se em cinco dimensdes dos ecossistemas de empreendedorismo: ciéncia e tec-
nologia, capital humano, din@mica de mercado, dindmica dos negdcios e infraestrutura. Os resultados
apontam para a natureza relativamente heterogénea dos ecossistemas. Ndo obstante, as universidades
de pesquisa, a intensidade de empregos intensivos em conhecimento e a disponibilidade de crédito sdo
condigbes fundamentais. A proximidade do principal centro econémico aparece como um diferencial
importante entre os ecossistemas.

PALAVRAS-CHAVE | Ecossistemas de empreendedorismo, empreendedorismo intensivo em conheci-
mento, qualitative comparative analysis, configuracoes, geografia da inovagao.

RESUMEN

El discurso dominante respecto a los Ecosistemas de emprendimiento (EE) pone énfasis en el perfil de
algunas localidades con reconocido historial de éxito. Esto ha dificultado una comprensién mds profunda
de los mecanismos econémicos que moldean las tendencias evolutivas en la actividad emprendedora y
como ellas operan en lugares distintos. Partimos de la proposicion de que estos ecosistemas tienen
regularidades, pero también pueden asumir diferentes configuraciones. A través de técnicas de fuzzy-set
Qualitative Comparative Analysis, abordamos el caso del Estado de Sdo Paulo, Brasil, enfocando cinco
dimensiones de los Ecosistemas de emprendimiento: Ciencia y Tecnologia, Capital Humano, Dindmica
de Mercado, Dindmica de Negocios e Infraestructura. Los resultados apuntan a la naturaleza relativa-
mente heterogénea de los ecosistemas. No obstante, las universidades de investigacion, la intensidad
de empleos intensivos en conocimiento y la disponibilidad de crédito son condiciones fundamentales.
La proximidad del principal centro econémico representa un aspecto diferencial importante entre los
ecosistemas.

PALABRAS CLAVE [ Ecosistemas de emprendimiento, emprendimientos intensivos en conocimiento, qua-
litative comparative analysis, configuraciones, geografia de la innovacién.
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INTRODUCTION

Knowledge-intensive entrepreneurship (KIE) refers to a
phenomenon that drives economic competitiveness and innovation
capabilities (Acs, Autio, & Szerb, 2014). It has, however, received
relatively little attention in studies related to the approaches of
innovation systems. The influence of context upon entrepreneurial
activity is still often ignored in favor of a focus on individuals and
firms (Borissenko & Boschma, 2016; Stam, 2015). As a result, we
are still far from developing a thorough understanding of issues
related to the emergence of new technology-based companies and
its systemic determinants (Audretsch, 2012).

Itis clear that KIE is unevenly distributed across territories,
a function of heterogeneous endowments in terms of knowledge,
institutions, resources, and demand (Isaksen & Trippl, 2017).As a
consequence, we observe a spiky geography of economic activities
(Florida, 2005). In addition, evidence suggests that the impacts of
entrepreneurial activity are mainly felt at the regional level (Acs &
Armington, 2004), placing Entrepreneurial Ecosystems (EEs) as a
key subject of interest for researchers and policymakers (Audretsch
& Belitski, 2017; Borissenko & Boschma, 2016).

The fact that KIE is deeply embedded in local contexts
(Alvedalen & Boschma, 2017) poses challenges for analysts and
policymakers, as one-size-fits-all initiatives and analytical models
may be deemed inappropriate for most locations — although the
dominant discourse remains focused on the profile of a handful
of successful EEs (Nicotra, Romano, Giudice, & Schillaci, 2018;
Stam, 2015). Accordingly, the economic mechanisms that shape
evolutionary trends in entrepreneurship are not linear, and they
operate differently in distinct locations (Acs, Stam, Audretsch &
0’Connor, 2017; Brown & Mason, 2017; Boschma & Martin, 2010).

Thus, a mechanistic approach to entrepreneurial
ecosystems (EEs) — based on an input-output logic — is likely to
ignore the context-specific traits of regions and their respective
interactions (Feldman, 2001). In this article, we propose that
entrepreneurial ecosystems can have regularities, but they can
also assume different configurations, i.e., varying combinations
of influential dimensions that may generate similar outcomes
in terms of entrepreneurial intensity. This is a function of
the distinct evolutionary path of each location. Our guiding
research questions can be stated as follows: Are there different
configurations of vectors of interest that shape successful
entrepreneurial ecosystems? What are the key “ingredients” of
these combinations? Drawing from different strands of literature
addressing the dynamics of business locations, we examine a
broad set of variables in order to identify the different foundational
patterns behind ecosystems of entrepreneurship.

As a concrete case, we assess the state of Sdo Paulo, Brazil.
We address KIE through data from Pesquisa Inovativa em Pequenas
Empresas (Innovative Research in Small Business [PIPE]) projects, a
program funded by Funda¢do de Amparo a Pesquisa do Estado de
S&o Paulo (Sao Paulo Research Foundation [FAPESP]) that supports
innovative initiatives in small enterprises. Our goal is to develop
further knowledge on the evolutionary geography of innovation
and entrepreneurship in the context of a developing country,
acknowledging the substantial discrepancies that these countries
present relative to developed economies when it comes to the
geography of entrepreneurship (Crescenzi & Rodriguez-Pose, 2012).

The empirical method applied is Qualitative Comparative
Analysis (QCA) with fuzzy sets. We assessed data from a sample of
299 cities in the state of S3o Paulo. The analytical exercise focused
on five dimensions as causal conditions for the emergence of
entrepreneurial ecosystems, namely: science and technology, human
capital, market dynamics, business dynamics, and infrastructure.
Our findings present distinct general paths across different
configurational solutions, suggesting the existence of heterogeneous
patterns in entrepreneurial ecosystems. Nonetheless, a common
core is perceived across the different configurations, mainly involving
the science and technology environment, the availability of human
capital, and local market dynamics.

The article is structured as follows: we begin with the
conceptual background of our assessment, as well as our
proposal of a workable analytical model for the case of the state
of S3o Paulo. After, we discuss the state of the literature and the
need for a more flexible comprehension of the configurations of
entrepreneurial ecosystems. We then outline the method and data
used in our approach and empirical findings. Lastly we offer some
concluding remarks, implications, and avenues for future research.

Knowledge-intensive entrepreneurial
ecosystems: Conceptual background

Regions differ in their propensity to establish knowledge-inten-
sive entrepreneurial activity (Florida, 2005). The resulting patterns
reinforce themselves over time, as geographic proximity functions
as a fundamental vector for knowledge exchange (Alvedalen &
Boschma, 2017). These conditions put significant emphasis on
local-level context as a determinant for KIE emergence, moving
the analytical target beyond the mere understanding of firm-level
capabilities (Mason & Brown, 2014; Acs et al., 2014; Audretsch
& Belitski, 2017).

Itis by acknowledging these features of the socioeconomic
environment that the Entrepreneurial Ecosystems concept has
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gained ground in recentyears. EEs are said to represent a “set of
interconnected entrepreneurial actors, entrepreneurial organiza-
tions, institutions and entrepreneurial processes which formally
and informally coalesce to connect, mediate and govern the per-
formance within the local entrepreneurial environment” (Mason
& Brown, 2014; p. 5). The underlying rationale of entrepreneurial
ecosystems is focused on interactions between agents, tangi-
ble and intangible factors of production, and how these vectors
translate locally into entrepreneurship (Acs et al., 2017; Nicotra
etal., 2018).

Because of its (eco)systemic character, the productivity of
these geographical units is affected by the performance of any of
their components (Acs et al., 2014). By productivity we understand
what Radosevic and Yoruk (2013) call “entrepreneurial propensity,”
i.e., local capacity to generate and exploit innovation-oriented
opportunities through the actions of entrepreneurs.

Figure 1. Knowledge-Intensive Entrepreneurial Ecosystem
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Based on this literature, and with particular emphasis
on the works of Isenberg (2010), Mason and Brown (2014), and
Stam (2015), we offer a workable model of the entrepreneurial
ecosystem concept (Figure 1). Our adaptation follows the basic
principles contained in existing frameworks, thus contemplating
issues associated to infrastructure, human capital, science
and technology (comprising education, universities, and the
technological support system), markets, and business dynamics.

While the element (local-level) policy is not explicitly addressed
in our model, itis intrinsically associated with features related to
infrastructure, business dynamics, and human capital. The only
dimension missing from our proposed model is entrepreneurial
culture. However, as recent research underscores (Fritsch et al.,
2019), such cultural traits are related to long-standing traditions
and need adequate historical proxies, which are often unavailable
for empirical exercises. Hence, our operational model offers
a comprehensive perspective of EEs according to previous
theoretical proposals, while remaining parsimonious as to
address the entrepreneurial dynamics of ecosystems.

Because of the local nature of EEs, the literature has
recognized cities as the most adequate loci for empirical
assessments (Audretsch & Belitski, 2017). Next, we address
each of the five dimensions set out in the model in further detail.

Science and technology

Amongst the factors related to locational dynamics, access to a
relevant knowledge base can be considered fundamental — more
so for knowledge-intensive entrepreneurship (Nicotra et al., 2018;
Boschma & Martin, 2010). Rich technological environments tend
to facilitate entrepreneurial activity at the local level (Nicotra et
al., 2018). In the state of Sdo Paulo, Brazil, city-level patenting
activity is strongly related to the emergence of KIE activity (Fischer,
Queiroz, & Vonortas, 2018).

Universities and research institutes are strategic agents
in this respect (Spigel, 2017; Stam, 2015). These institutions not
only contribute to knowledge generation, they also shape local
conditions related to the population’s educational attainment
(Isaksen & Trippl, 2017; Dorfman, 1983). Therefore, geographical
proximity to research-oriented universities and research
centers can be a valuable source of knowledge for high-tech
entrepreneurial activity (Stam, 2015).

Moreover, science-based entrepreneurship is significantly
related to academic spin-offs (Di Gregorio & Shane, 2003), a
situation that attributes key relevance to the local presence of
preeminent universities. Guerrero et al. (2016) proposed that
universities and academic researchers are fundamental agents
of innovation systems through theirinvolvement with knowledge
transfer and entrepreneurial activities. This helps explain why
high-tech clusters are often attached to university campus towns
(Isaksen & Trippl, 2017). Fitjar and Rodriguez-Pose (2011) make
such a case for regions that lack agglomeration economies while
presenting high relative levels of innovative activity. However,
universities’ impact on strong entrepreneurial ecosystems is
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argued to be contingent upon the existence of a socioeconomic
environment conducive to firm entry (Patton & Kenney, 2010).

Human capital

Chatterji, Glaeser, and Kerr (2013) state that the key pillars of
entrepreneurship are essentially related to human capital. This
is associated with the general education of the workforce and
the local supply of individuals with entrepreneurial inclinations.
This feature is widely recognized in the literature, be it under
the concepts of human capital (Isenberg, 2011; WEF, 2014),
worker talent (Spigel, 2017), human resources (Nicotra et al.,
2018), ortalent pool (Stam, 2015). Notably, the ratio of high-tech
employment often predicts entrepreneurial activity in regions
(Motoyama & Danley, 2012).

The availability of highly skilled labor is a structural
precondition for the creation of innovative entrepreneurial
systems (Bresnahan, Gambardella, & Saxenian, 2001). Also,
although labor is theoretically considered a mobile resource,
entrepreneurial clusters are more likely to arise wherever
professional talent is located or where it can be easily attracted
(Dorfman, 1983). Accordingly, Audretsch and Feldman (1996)
found that the propensity to cluster is stronger in industries
that rely heavily on new economic knowledge, depending to
a large degree upon skilled labor. This proximity allows KIE
companies to more easily access available human capital
(Storper, 1995).

In addition, opportunity-driven entrepreneurial activity is
strongly related to local income levels (Radosevic & Yoruk, 2013).
Income approximates the level of education and capabilities
within a pool of individuals and the quality of life and overall level
of development of regions, key drivers of the location choices of
knowledge-intensive entrepreneurs (Florida & Mellander, 2014).

Market dynamics

The third dimension of interest in our EE model concerns market
dynamics. Despite the likelihood that knowledge-intensive
new ventures will be oriented towards global markets, local-
level conditions shape such ventures’ access to necessary
complementary resources (Florida & Mellander, 2014). Larger
markets offer increased levels of opportunities (Armington & Acs,
2002) and demand diversity (Bosma, Schott, Terjesen, & Penny,
2015). Isenberg (2010) follows this rationale, including local
markets as significant vectors in the formation of entrepreneurial

© RAE | Sdo Paulo | 59(4) | July-August 2019 | 242-257

ecosystems. In addition, evidence from developed countries
suggests that entrepreneurship tends to be more concentrated
in large urban areas (Bosma & Sternberg, 2014). Market size also
feeds entrepreneurial endeavors from a different direction: the
size of the population is a representation of the pool of potential
entrepreneurs in a given location (Stuart & Sorenson, 2003).

Our category of market dynamics also includes the available
funding for knowledge-intensive entrepreneurs (Isenberg, 2010).
Geographic proximity is a critical feature in this discussion, as
larger distances between capitalists and entrepreneurs increase
the monitoring costs involved in financing operations (Dorfman,
1983). This reflects the strategic relevance attributed to credit
as a platform for start-ups to operate (Lerner, 2002; Feldman,
2001). Besides private flows of capital, governments can engage
in financing these incipient ventures (Lerner, 2002). Considering
the Brazilian context, this vector is particularly critical, as small
and medium-sized companies find it excessively difficult to access
funding mechanisms due to scarce credit lines (Neto, Farias Filho,
& Quelhas, 2014).

Business dynamics

Complementary to the idea of market dynamics, we introduce a
perspective on the business environment of cities as an influential
component of entrepreneurial ecosystems. Included here are
the aspects of the level of development of regional economic
structures, as well as its attractiveness for investments by
incumbents.

The literature recognizes the importance of adjacent firms
as a driver of local competitiveness (Stuart & Sorenson, 2003).
Positive externalities arise from the local clustering of firms,
generating a critical mass of support for new companies (Isenberg,
2010; Isaksen & Trippl, 2017; Storper, 1995). Incumbent firms can
also leverage the growth conditions for new firms (WEF, 2014)
providing incentives for new business creation and contributing
to start-up survival (Delgado et al., 2010). Established firms, and
particularly multinational corporations, also play an important
role in setting the stage for the emergence of new, knowledge-
intensive ventures (Brown & Mason, 2017), as they can leverage
overall capabilities in clusters (Bresnahan et al, 2001).

An additional item of interest concerns the geographical
reach of large (“core”) markets and how the proximity to these
hubs can exert effects in neighboring areas. This happens because
large cities do not just represent agglomeration of people, they are
arguably also associated with the generation of innovative, science-
based entrepreneurship (Duranton & Puga, 2002). In this regard, an
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“efficiency gap” exists when comparing peripheral regions to those
located close to large markets (Crescenzi & Rodriguez-Pose, 2012).
This is why high-tech clusters of entrepreneurship are frequently
located in core regions (Isaksen & Trippl, 2017). This situation
can be magnified in regions such as the state of Sdo Paulo, which
includes a megahub that functions as a center for business services,
venture capital, and corporate demand (WEF, 2018).

Infrastructure

The fifth dimension in our model deals with the quality of
infrastructure, a platform upon which economic activity strongly
relies. Infrastructure facilitates urban linkages, labor mobility,
and knowledge flows (Audretsch et al., 2015). Thus, its impacts
as a determinant of the formation of entrepreneurial ecosystems
must be acknowledged (Spigel, 2017; Nicotra et al., 2018; Stuart
& Sorenson, 2003). The quality of physical infrastructure can also
mitigate the detrimental effects associated with large market
agglomeration diseconomies (Audretsch & Belitski, 2017).

Knowledge-intensive entrepreneurial ecosystems:
Making the case for heterogeneous configurations

Notwithstanding agreement on the very basic definitions of
entrepreneurial ecosystems, there are persistent controversies
on causal links within its intrinsic dynamics (Borissenko &
Boschma, 2016). What dimensions really matter for EEs? One of
the main issues here concerns the poor generalizability of highly
eminent cases to other contexts. These expositions — although
informative — are developed around an idea of relative stability in
the configuration of influential attributes in EEs. A first step in our
approach deals with assessing the validity of such expectations.
Hence, our first proposition can be stated as follows:

Proposition 1. Successful Entrepreneurial Ecosys-
tems rely on a set of critical dimensions that shape
their respective capacity of sustaining the genera-
tion of knowledge-intensive entrepreneurship.

On the other hand, researchers have increasingly criticized
such formulations, as they lead to one-size-fits-all implications.
Even if the dimensions included in these models are inclusive,
some of its attributes may be more dominant in some cases
than in others (Spigel, 2017). The central argument here is that
economic mechanisms operate differently in distinct locations
as a function of their historical backgrounds (Boschma & Martin,

2010). This is why top-down policies that aim to organize clusters
of entrepreneurship are often deemed ineffective (Bresnahan et
al, 2001; Chatterji et al, 2013; Feldman, 2001).

This is the pillar of Evolutionary Economic Geography (EEG).
In dealing with the dynamics of entrepreneurial ecosystems,
the evolutionary view pinpoints the relevance of pre-existing
conditions and assets for ecosystems to emerge (Isaksen, 2016).
Accordingly, new science-based firms can be understood as
functions of the prior existence of scientific research undertaken
by universities and research institutes in a given location (Feldman
& Lendel, 2011). In this debate, we hope to add the perspective
that, because of distinct evolutionary paths, entrepreneurial
ecosystems can achieve efficiency through different configurations.
In other words, the relevance of EEs’ dimensions is bounded
by location-specific trajectories, thus altering the dynamics of
interconnection among actors, institutions, and organizations.
Accordingly, our second proposition is presented:

Proposition 2. Because of idiosyncratic evolu-
tionary paths, Entrepreneurial Ecosystems can
present heterogeneous configurations in terms
of relevant drivers without compromising their
respective level of entrepreneurial propensity.

Recent literature has indicated some efforts in a similar
direction. Brown and Mason (2017) develop a simplified taxonomy
of entrepreneurial ecosystems based on illustrative cases of

“embryonic” and “scale-up” locations. By assessing this argument,
our goal is to empirically refine these introductory propositions
and provide a more nuanced view on the variegated combinations
of characteristics that can form a functional EE.

METHODOLOGICAL APPROACH

To address our research questions, we use Fuzzy-Set Qualitative
Comparative Analysis (QCA). QCA is a method that is used
to identify configurations or “recipes” of causal conditions
associated with different outcomes, following the “equifinality
principle,” meaning that multiple paths or solutions can lead
to the same outcome (Ragin, 2008). Different from regression
analysis, QCA also follows the principle of causal complexity,
accounting for the combination of causal measures to a specific
outcome within a property space. Analytical benefits associated
with the QCA approach in comparison with standard econometric
techniques applied to address the dynamics of entrepreneurial
ecosystems concern its capacity for developing robust evaluations
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of configurational issues (Fiss et al., 2013). While this is an aspect
of interest in this field, traditional regression models fall short
in offering the necessary knowledge for such research questions.
Moreover, there is an increasing interest in the use of QCA in
entrepreneurship studies (Kraus et al., 2018).

The basic locus of empirical information in this study is
knowledge-intensive entrepreneurship in the state of Sao Paulo,
Brazil. The grants of the PIPE program are used as a proxy for KIE
activity. This program is funded by the Fundag¢ao de Amparo a
Pesquisa do Estado de S3o Paulo (Research Foundation of the
state of Sdo Paulo [FAPESP]) to support innovative initiatives
in small enterprises. The program has a similar structure and
objectives to the Small Business Innovation Research (SBIR)
program in the United States. While SBIR data has been used in
the context of entrepreneurial ecosystems by an extensive body of
research (e.g. Wallsten, 2001; Qian & Haynes, 2014), information
from PIPE has only recently been used for these purposes (e.g.
Fischeretal., 2018). Such sources provide robust evidence on KIE
activity, but also introduce sample bias in the analysis, since they
deal with pre-selected and funded R&D projects that are often
attached to academic spin-offs. Hence, conclusions drawn from
this group should be taken cautiously, as they do not necessarily
represent the broader context of overall KIE firms.

The full dataset includes 1130 grants allocated across 114
cities in the state during the period 1998-2014. We collected
data for a total of 299 cities in the state of Sdo Paulo in order
to account for differences in configurations between cities that
have received project grants and those that have not. City-level
analysis was chosen due to the local nature of entrepreneurial
ecosystems, in which cities seem to be the most appropriate units
of analysis (Audretsch & Belitski, 2017). While QCA has typically
been used as a research methodology for Small-N, comparative
work in the case-oriented tradition (Ragin, 1987), the method has
increasingly been applied to examine large-N phenomena (Fiss,
et al., 2013; Greckhamer et al., 2013; Emmenegger et al., 2014).
Small-N samples in QCA range from 12-50 cases, whereas, Large-N
samples involve 5o+ cases (Greckhamer et al., 2013).

Model and unit of analysis

Following the literature review and the graphical representation
of our analytical model (Figure 1), the socioeconomic dimensions
included in our assessment are described in Exhibit 1. Most
variables represent averages of city-level characteristics as proxies
for economic conditions. This procedure avoids problems related
to year-to-year variations, while also controlling for the time span
during which projects have started (1998-2014).

Calibration procedures

Qualitative Comparative Analysis works using the principle of
set-theoretic “membership.” We used quartiles to calibrate the
fuzzy-sets. The only exception to this rule was the causal condition
RESUNI, which is a binary variable indicating the presence
(absence) of a major research university in the city. For the variable
PROXCAP, quartiles were obtained by using only the cities that
have displayed the outcome. This was done with the intent of
creating a better visual geographical distribution and separation
of cases. For the outcome variable, a rather flexible threshold
was used to generate enough diversity in the sample and avoid
skewness. We used the following set-membership threshold
for our outcome variable: above 10 projects (full membership),
between 4 to 10 projects (more-in-than-out), between 2 to 4 (more-
out-than-in), and below 2 (full non-membership).

Necessary conditions

Conditions are considered necessary when they represent the
superset of the outcome, that is, when the set membership
values for the outcome Y are lower than that for a given causal
condition (Ragin, 2006). Necessary conditions are verified using
the following formulas for Consistency and Coverage.

Consistency: Y {min(X, Y)]/%(Y) (1)

Covergage: (Y,< X ): ¥{min(X, Y)]/X(X) ()

According to Ragin (2008, p. 44), “consistency addresses
the degree to which instances of the outcome agree in displaying
the causal condition to be necessary, while coverage assesses
the degree to which instances of the condition are paired with
instances of the outcome.” Coverage indicates the relevance or
importance of a set-theoretic connection. However, necessary
conditions may be considered trivial if a condition is present in
most cases whether the outcome is present or not (Schneider &
Wagemann, 2012).

Sufficient conditions

The second test intends to identify the combinations of conditions
that are in accordance with the presence of KIE activity, thus
forming knowledge-intensive entrepreneurial ecosystems.
A sufficient condition is one that, if satisfied, results in the
achievement of the outcome (Schneider & Wagemann, 2012,
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p.57). Fuzzy-sets are converted into crisp-sets with a value of
1 or o if the set membership score on fuzzy-sets falls above or
below o.5. This generates a truth table with the property space
of different combinations or configurations of conditions that
lead to the outcome. We analyzed the truth table correlating the
membership scores of different conditions with the intensity
of entrepreneurial activity to identify different configurations
associated with entrepreneurial ecosystems. After setting the cut-
off pointin the truth table (above 0.75), we generate three types of
solutions: complex (CS), parsimonious (PS), and intermediate (IS).

Exhibit 1. Variable description and sources

For robustness in our analysis of cause-consequence
relations, the parsimonious (PS) and intermediate solutions
(IS) are recommended, as they simplify the statements and
assumptions on the main causal conditions for a given set
of variables. We used these solutions to derive our “core”
and “contributing” causal conditions. For the configurational
analysis, we used the complex solution (CS). The CS provides
a general description of different sufficient causal paths that
can be observed in cases in which the outcome is present with

a consistency level above 0.75.

Dimension Variables Outcome Definition Source
KIE PROJECTS Number of projects granted to a given municipality. PIPE/FAPESP
Science and Conditions
technology
Research Universities | Existence of at least one major research-oriented university or Ministry of Education and
(RESUNI) university campus with focus on STEM in the city. Dummy variable. Culture (Brazil)
Patents Patents and Utility Models. Sum of patents and utility models per The Nat‘|onal Institute Of.
: . R A . Industrial Property, Brazil
(PATENTS) capita assigned to a city/region in a given year. (INPI)
Human Human Development Average municipal Human Development Index 1991, 2000, 2010 540 Paulo State Statistics
i (HDI-M) & P P 991, 2000, 2010. Office (SEADE)
capital
Knowledge-Intensive Employment, General
Jobs g Average weight of selected knowledge-intensive jobs (STEM Register of Employed and
(KJOBS) activities) in cities’ total labor force, 2001-2014. Unemployed Persons
(CAGED)
Population Average pobulation aged 26-c4. 1093-201 Sao Paulo State Statistics
(POP) ge pop g 5-54, 1993 4. Office (SEADE)
Market Gross Domestic Average GDP 1999-2012 (constant 2012 Reais) Sao Paulo State Statistics
dynamics Product (GDP) 8 999 : Office (SEADE)
Credit Average credit operations per capita 1993-2013 (constant 2014 Reais) 5do Paulo State Stafistics
(CRED) & P percapiia 1993-2013 4 Office (SEADE)
Business . Average weight (%) of total city-level businesses in the state's total, The Brazilian InstltuFe Pf
Concentration 2008-2011 Geography and Statistics
(BUSCONQ) : (IBGE)
Announced investments from multinational enterprises in selected
Business Multinational K[lowledge—lntenswe ACtIVIt.IES at the C|ty/.— levgl in the state of S30 Paulo State Statistics
dvnamics Investment Sao Paulo. Includes expansion and greenfield investments. Data Office (SEADE)
v (MNE-I) represents the average investment for the 2002-2014 period in
millions of USD.
PrOX|m|ty tothe Road distance in km from the state capital and economic center, Sao
Economic Hub Paulo Google Maps
(PROXCAP) ’
Energy Average percentage of households connected to the electrical grid, Sdo Paulo State Statistics
(ENERGY) 2000 and 2010 Office (SEADE)
Infrastructure
Urbanization Average percentage of urban terfitory. 1002-201 Sao Paulo State Statistics
(URB) gep g ", 1992-2014. Office (SEADE)
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RESULTS

We proceeded sequentially, starting the empirical analysis by
verifying whether there is any condition that could be considered
necessary for KIE ecosystems to arise, then moving to the analysis
of sufficiency and the different configurations (or “recipes”) of
dynamics in these ecosystems.

Necessary conditions

As a first step in our analysis, we tested if any of the twelve
conditions as well as the negation (~) of these conditions could
represent necessary conditions for the outcome (Table 1). Patents
per capita (PATENTS), income (GDP), skilled personnel (HDI-M),
business intensity (BUSCONC), POP, degree of urbanization (URB),
and STEM job intensity (KIJOBS) reached a consistency level above
the necessary threshold of 0.9. However, all these conditions
exhibited very low coverage, meaning that they are likely trivially
necessary. On the other hand, the absence or negation (~) of
RESUNI and MNE-I are necessary conditions for the absence of

Table 1. Analysis of necessary conditions

KIE projects. Both reached a consistency level above a 0.9 with
high coverage.

Sufficient conditions

Sufficiency analysis takes us closer to the identification of the
drivers of KIE ecosystems. Table 2 presents the truth table with the
top combinations. Due to the extension of the analysis, we only
present results for the top 17 combinations of causal conditions
(A-P) here. We set our cut-off consistency score at 0.76 following
the general consistency benchmark proposed by Ragin (2008).
Empirically, this cut-off point also allows us to capture the totality of
the most relevant innovation ecosystems in the state of Sdo Paulo.
These represent seven combinations of conditions (A to F) that
were considered most relevant for the analysis. While these seven
combinations incorporate just 16 cities (5.35% of the whole sample
or 14.04% of the cities that have received knowledge-intensive
projects grants), they account for 894 projects (79.12% of the total
number of KIE projects). We then derive two types of solutions:
parsimonious (PS) and intermediate solutions (IS) (Table 3).

Outcome Outcome Negation
Conditions Consistency Coverage Consistency Coverage
PATENTS 0.97 0.20 0.44 0.82
GDP 0.97 0.20 0.44 0.82
HDI-M 0.97 0.19 0.46 0.84
BUSCONC 0.96 0.19 0.44 0.82
POP 0.95 0.19 0.44 0.82
URB 0.94 0.18 0.47 0.84
KIJOBS 0.91 0.17 0.48 0.85
CRED 0.71 0.25 0.24 0.80
PROXCAP 0.68 0.21 0.29 0.83
~ENERGY 0.67 0.12 0.53 0.91
~MNE-I 0.57 0.06 0.95 0.95
RESUNI 0.52 0.63 0.03 0.37
MNE-I 0.51 0.51 0.06 0.57
ENERGY 0.49 0.10 0.49 0.93
~RESUNI 0.48 0.05 0.97 0.95
~CRED 0.45 0.06 0.77 0.96
~PROXCAP 0.45 0.06 0.72 0.95
~KIJOBS 0.22 0.04 0.53 0.98
~URB 0.18 0.04 0.54 0.99
~HDIM 0.16 0.03 0.55 0.99
~POP 0.11 0.02 0.57 0.99
~BUSCONC 0.11 0.02 0.56 0.99
~GDP 0.09 0.02 0.57 0.99
~PATENTS 0.09 0.02 0.57 0.99
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Table 2. Truth table and cities (cases with consistency below 0.26 and logical reminders not listed)

Science and Technology | Human Capital Market Dynamics Business Dynamics Infrastructure raw
number . Cases and N° of Projects
Path | RESUNI | PATENTS | HDIM | KIJOBS POP GDP @ CRED PROXCAP BUSCONC MNE-I ENERGY| URB Consety
Sao José dos Campos 72
A 1 1 1 1 1 1 1 1 1 1 o 1 2 0.95
Sorocaba 12
B 1 1 1 1 1 1 1 o 1 1 o 1 1 0.92 Piracicaba 21
C 1 1 1 1 1 1 1 o] 1 o] 1 o 1 0.85 Pirassununga s
S&do Bernardo do Campo 6
Santo André 3
D 1 1 1 1 1 1 1 1 1 1 1 1 4 0.80 ~
Sao Paulo 298
Campinas 197
Sao Carlos 177
Botucatu 21
Jaboticabal 6
E 1 1 1 1 1 1 1 [¢ 1 [¢] [¢] 1 7 0.78 Araraquara 8
Rio Claro 7
Sado José do Rio Preto 5
Araras 1
F 1 1 1 1 1 1 1 o] 1 o] 1 1 1 0.76 Ribeirdo Preto 55
G 1 1 1 1 1 1 o 1 1 o 1 1 1 0.70 Diademas
Limeira 7
H 1 1 1 1 1 1 o] o] 1 1 o] 1 2 0.67 . .
Guaratingueté 1
Barueri 8
o 1 1 1 1 1 1 1 1 1 1 1 3 0.61 Osasco 2
Guarulhos 5
Aracgatub
K 1 1 1 o] 1 1 1 o] 1 o] 1 1 2 0.56 racatuba 3
Bauru 3
Sao Caetano do Sul g
Jaguariina 1
L o 1 1 1 1 1 1 1 1 1 o 1 4 0.52 .
Jundiai 9
Americana 2
Mogi das Cruzes 16
Santa Barbada D’Oeste 2
M o 1 1 1 1 1 o 1 1 1 1 1 4 0.46
Suzano 1
Jacarei o
N o 1 o 1 1 1 o 1 1 1 o 1 1 0.44 Hortoldndia 1
0 1 1 1 o] 1 1 o] 1 1 o] 1 1 1 0.44 Sdo Vicente o
Paulinia 9
P o 1 1 1 1 1 o 1 1 1 o] 1 3 0.41 Indaiatuba 7
Taubaté o
Q o 1 1 1 1 1 1 1 1 [¢] 1 1 1 0.31 Poa 3
R o 1 1 o 1 1 1 1 1 o o 1 1 0.26 Santos 6

*Number is the frequency of observations; Raw consist: consistency levels. Case presents the cities in analysis. The number within parentheses corresponds to the number
of KIE projects granted to the city.
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Table 3. Sufficient combination of conditions for high KIE activity

Parsimonious Solutions

X raw unique .
Path Recipe consistency
coverage | coverage
1 RESUNI*KIJOBS*CRED 0.39 0.39 0.84
Solution coverage 0.39
Solution consistency 0.84
Intermediate Solutions
. raw unique .
Path Recipe consistency
coverage | coverage
1 RESUNI*PATENTS*HDIM*KIJOBS*POP*GDP*CRED*BUSCONC*URB 0.38 0.202 0.84
2 RESUNI*PATENTS*HDIM*KIJOBS*POP*GDP*CRED*BUSCONC*ENERGY 0.19 0.006 0.79
Solution coverage 0.39
Solution consistency 0.84

The parsimonious solution considers counterfactuals
in order to simplify the assumptions that lead to the outcome.
In this approach, research universities, knowledge-intensive
jobs, and credit can be seen as core ingredients that lead to the
outcome. The IS takes into account counterfactuals in order to
simplify the assumptions relative to the conditions that lead to
our outcome. The intermediate solution generates two paths;
both of which have RESUNI, PATENTS, HDIM, KIJOBS, POP, GDP,
CRED, and BUSCONC. Cities with these features are more likely
to present knowledge-intensive entrepreneurial activity. This is
consistent with 84% of the cases in the intermediate solution. An
important aspect to note in the intermediate solution (IS) is the
suppression of MNE-I and PROXCAP as causal conditions. These
variables can be considered superfluous conditions in this first
step of the analysis.

Configurations of Knowledge-Intensive
Entrepreneurial Ecosystems

In order to dig deeperinto the configurational patterns of the
most relevant entrepreneurial ecosystems in the state of Sao
Paulo, we use the complex solution (CS). Exhibit 2 shows the
causal paths for the complex solution obtained in our analysis,
consisting of three paths. The overall consistency of the

© RAE | S3o Paulo | 59(4) | July-August 2019 | 242-257

solution is 0.85. The CS solutions help identify the different
configurations of the most relevant entrepreneurial ecosystems
in our sample. RESUNI, PATENTS, HDIM, POP, GDP, CRED, and
BUSCONC are present in all three paths. These conditions seem
to be a shared base for the main KIE Ecosystems. Differences
arise on the basis of KIJOBS, PROXCAP, MNE, ENERGY, and URB.
These results signal the existence of variegated structures in
entrepreneurial ecosystems, even though they fundamentally
rely on a common core involving the science and technology
environment, market and business dynamics, and human
capital.

The first path is of high importance given its raw and
unique coverage. Besides the common core of EE conditions,
this group includes cities that are close to the main economic
hub and with significant amounts of MNE investment. It is also
characterized by high levels of urban population. Path 3 stands
fora clearrepresentation of a “core” entrepreneurial ecosystem.
The second path of the complex solution adds KIJOBS, ~PROXCA
P, URB, and ~ENERGY to the common conditions. This profile of
entrepreneurial ecosystems is characterized by a high presence
of knowledge-intensive jobs, distance from the main economic
hub (city of Sao Paulo), high levels of urban population, and
relatively low per capita consumption of energy. Path 2 seemingly
stands for a typical configuration of peripheral entrepreneurial
ecosystems.
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Exhibit 2. Configurational Paths of Knowledge Intensive Innovation Ecosystems

Complex Solution

Path = Recipe coJ:::\ge czc:e?':;e consistency
1 RESUNI*PATENTS*HDIM*KIJOBS*POP*GDP*CRED* PROXCAP*BUSCONC*MNE-I* URB 0.20 0.14 0.87
2 RESUNI*PATENTS*HDIM*KIJOBS*POP*GDP*CRED*~PROXCAP*BUSCONC*~ENERGY*URB 0.20 0.10 0.82
3 RESUNI*PATENTS*HDIM*KIJOBS*POP*GDP*CRED*~PROXCAP*BUSCONC*~MNE-I*ENERGY 0.08 0.03 0.77
Solution coverage 0.37
Solution consistency 0.85
Conditions Path 1 Path 2 Path 3

Science and Technology
Research Universities (RESUN)
Patents (PATENTS)

Human Capital
Human Development (HDIM)
Knowledge-Intensive Jobs (KIJOBS)

Market Dynamics

Population (POP)

Gross Domestic Product (GDP)
Credit (CREDIT)

Business Dynamics

Business Concentration (BUSCONC)
Proximity to Economic Hub (PROXCAP)
Multinational Investment (MNE-I)

00

Infrastructure
Energy (ENERGY)
Urbanization (URB)

@]
[ J

Cities

Campinas (0.88,1),
Santo André (0.66,0.18)
S&do Bernardo do Campo

(0.91,0.73),
S&o José dos Campos (0.9,1),

S&o Paulo (0.94,1),

Sorocaba (0.81,0.98),

Araraquara (0.51,0.88)
Araras (0.57,0.01),
Botucatu (0.64,1),

Jaboticabal (0.72,0.73),

Rio Claro (0.54,0.82),
Sao Carlos (0.55,1),
Sao José do Rio Preto
(0.62,0.62),
Piracicaba (0.57,1),

Pirassununga (0.64,0.62),
Ribeirdo Preto (0.64,1)
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The third path of the complex solution is slightly different from
the second with the positive presence of ENERGY (as a proxy
forinfrastructural conditions), but with the suppression of URB.
Also, it presents the explicit relevance for the absence of MNE-I.
Similar to the second path, cities covered by the third solution
are far from the main economic hub. However, this group
includes a regional economic center, the city of Ribeirao Preto.
In any case, this seems to represent an alternative configuration
of entrepreneurial ecosystems located outside the geographic

reach of the city of Sdo Paulo, consisting of an additional profile
of peripheral EE.

Figure 2 presents the spatial distribution of these
configurations. The blue marks show the cities that were
selected by constructing the truth table (Table 2) above the
0.76 consistency threshold. The green marks present relatively
significant innovation ecosystems that fell below the consistency
threshold of 0.76 in Table 2. Interestingly, these cities are
geographically located inside a technological corridor of EEs.

Figure 2. Mapping Kl-entrepreneurial ecosystems in the state of SP
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DISCUSSION AND CONCLUDING
REMARKS

Our assessment highlights the existence of heterogeneous
configurations in entrepreneurial ecosystems in the state of Sao
Paulo, Brazil, supporting our second proposition. Acommon core
of features arises, nonetheless, in accordance with Proposition
1 and suggesting a coexistence of the dynamics contained in
both assumptions. This provides novel empirical findings
that support the expectations set by arguments contained in
evolutionary economic geography arguments, offering a multi-
scalar perspective of distinct ecosystems and their differential
dynamics (Alvedalen & Boschma, 2017; Borissenko & Boschma,
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2016; Boschma & Martin, 2010) as well as the multidimensional
perspective of agents embedded in these processes (Carayannis
et al., 2017). It also highlights a hierarchy of attributes (Spigel,
2017) and reserves a key role for the knowledge context as a
precondition for EEs to prosper (Feldman & Lendel, 2011).

The first dimension of interest concerns science and
technology. The existence of preeminent research universities
and strong technological activity are key drivers of knowledge-
intensive entrepreneurship, as they leverage local stocks of
knowledge capital. Local market dynamics (represented by
economic size — GDP and population — and credit availability)
have a strong impact on cities’ propensities to generate
KIE activity. The validity of these two dimensions indicate a
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balance between technological and market forces in the nature
of entrepreneurial ecosystems, pinpointing their multifaceted
character (Isenberg, 2010; Mason & Brown, 2014). Also, the
inclusion of business concentration in this “common core”
highlights the importance of localization economies and
complementary productive structures (Isaksen & Trippl, 2017;
Delgado et al., 2010).

Complementing this perspective, we can identify the
influence of human capital as a pillar of EEs. Together, these
assertions suggest clear implications for policymakers. Beyond
the relevance of a strong educational infrastructure, a somewhat
counterintuitive platform could be fruitful: attracting incumbent
firms that are engaged in intensive technological development
and in the use of knowledge-intensive labor. While this
alternative is seldom linked to the notion of entrepreneurship
promotion, it can shape the contextual conditions in which KIE
may arise.

The infrastructure dimension appeared to provide shaky
contributions — in some cases it was found positively related to
KIE activity, while in others it seems to exert negative impacts.
This may be due to the operational variables applied, as they
stand for city-level averages and we should not rule out the
existence of “pockets” of infrastructural excellence within these
analytical units. This might be the case considering extreme
heterogeneity in infrastructural quality inside urban areas —
a market feature of the economic geography in developing
countries (Glaeser, 2014). Another interesting result concerns
the heterogeneity of influence attributed to distance from
the main economic hub in the state. Our results indicate that
both core and peripheral regions are capable of establishing
prosperous levels of entrepreneurial activity, contrary to
propositions stating a loss of innovative capability in areas
located outside the reach of economic centers (Crescenzi &
Rodriguez-Pose, 2012).

The main message from our empirical findings is that
entrepreneurial ecosystems are diverse in their configurations,
and that comprehensive models may fail to address locational
idiosyncrasies. In turn, this conceptual misfit is likely to lead
to inadequate interventions. By ignoring the local context,
these top-down initiatives from policymakers to steer the
development of clusters are usually unsuccessful (Martin &
Sunley, 2003). Instead, resources should be directed toward
enabling policymakers to understand local idiosyncrasies in
terms of innovation and entrepreneurial dynamics (Isaksen &
Trippl, 2017). Accordingly, the government’s role in fostering
entrepreneurial ecosystems must be one of facilitating
(not leading or controlling) preexisting local strengths and

© RAE | Sdo Paulo | 59(4) | July-August 2019 | 242-257

capabilities (Isenberg, 2010). A straightforward implication for
policymakers in this regard is the need to conduct thorough
diagnostics of local-level characteristics prior to implementing
entrepreneurship-oriented initiatives. Such efforts are likely to
indicate courses of action that fit regional profiles (Jucevicius
etal., 2016).

While these are fundamental preconditions for adequate
policies to emerge, our results also pinpoint the existence
of necessary circumstances for KIE to thrive. This may be
unfortunate news for several locations, as many of the influential
drivers take a long time to mature and they are outside the
reach of policymaking processes. This is the case for most
of the indicators that are part of the EE common core in our
analysis. Perhaps more challenging than that is the fact that
several of these indicators can be taken as endogenous with
respect to knowledge-intensive entrepreneurship (Alvedalen
& Boschma, 2017; Stam, 2015). Hence, particularly in the short
term, “engineering” entrepreneurial ecosystems through public
policy may be highly ineffective. This carries practical and
theoretical implications for both researchers and policymakers,
since it indicates that the “organic” nature of EEs is likely to
downplay impacts of centralized initiatives aiming at fostering
KIE (Carayannis et al., 2017; Jucevicius, 2016). On the other hand,
they ways in which these aspects interact in the long run is an
issue that still deserves further research.

Such findings also bear significance for knowledge-
intensive entrepreneurs. These individuals and firms are not
merely passive agents within the dynamics of entrepreneurial
ecosystems. Instead, establishing connections and fostering the
formation of networks and a supportive business structure are
events in which entrepreneurs play an active role (Feldman, 2001).
While location strategies can be derived from specific features

— such as those pointed out by our research — benefits from
ecosystems can arise mainly from open innovation approaches
to management (Erina et al., 2017).

We expect our research to contribute to the debate
around the evolutionary character of entrepreneurial
ecosystems. Further testing of the propositions contained
in this article, along with the use of different variables and
dimensions, could provide more in-depth insights into this
inquiry. In addition, analyzing evidence from countries and
regions in different stages of development is desirable, as
some traits identified in our sample may not hold in other
contexts. Such appraisals are needed in order to overcome the
limitations of our methodological approach, mostly concerning
the sample of knowledge-intensive entrepreneurs and the
parameters used to identify successful cases of entrepreneurial
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ecosystems. This discussion based on empirical evidence
is paramount for advancing the quality of entrepreneurial
policymaking and maximizing the benefits that may emerge
from these new ventures.

s RAE'S NOTE ~
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