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Abstract The literature emphasizes that interactions
between biotic (the individual) and abiotic entities
(the institutional environment) are central to entrepre-
neurial ecosystems. However, despite the importance
of digital entrepreneurial ecosystem (DEE) elements,
it might be questioned if all elements are equally nec-
essary. Furthermore, different outputs might require
different conditions. The same can happen with dif-
ferent levels of a given output. The answer to these
questions is of particular concern from a policy
perspective. By using necessary condition analysis
(NCA) alongside with fuzzy-set qualitative compara-
tive analysis (fs/QCA), this study advances under-
standing of the entrepreneurial ecosystems. While fs/
QCA identifies only one necessary condition to pro-
duce digitally-enabled unicorns — market conditions
— and none to unicorns and new business creation,
NCA shows that all elements of DEE are necessary to
produce digitally-enabled unicorns, and most of them
are also necessary for producing unicorns. NCA also
identifies formal institutions, regulations, and taxation
and finance as necessary conditions for new business
creation. Moreover, NCA shows that necessary condi-
tions do not have the same degree of importance, and
the necessity of a given condition does not automati-
cally imply its highest level is required. For research-
ers, these results emphasize the importance of using
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NCA as a complement of fs/QCA. For practitioners,
these findings can be used to optimize the allocation
of policy resources, particularly targeting the ele-
ments that constitute bottlenecks.

Plain English Summary Policymakers should
target different levels of entrepreneurial ecosystem
pillars performance to produce unicorns. Ambi-
tious entrepreneurship is important for country com-
petitiveness in the digital age. Digital entrepreneurial
ecosystems can facilitate the rise of digitally-enabled
unicorns, an extreme case of ambitious entrepreneur-
ship. This study shows which conditions are neces-
sary to produce this output; these conditions can be
required at different levels. The comparison of coun-
try’s performance on each condition shows which of
them constitute bottlenecks. Although all elements
of digital entrepreneurial ecosystems are relevant for
digitally-enabled unicorns, policymakers should target
the ones that constrain the emergence of this output.
This study identifies the levels that should be reached
in each condition, not only for digitally-enabled uni-
corns, but also for unicorns in general. The results
show relevant differences between the levels needed
for these outputs. For example, knowledge creation
and dissemination seem to be more important to boost
digitally-enabled unicorns rather than unicorns in gen-
eral. Thus, policymakers should consider specific lev-
els of the conditions to optimize resource allocation.

Keywords Digital entrepreneurial ecosystems -

Entrepreneurial ecosystem performance - Unicorns -
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1 Introduction

The “ecosystem” concept has become increasingly
popular in the strategy field. An “ecosystem” corre-
sponds to “the alignment structure of the multilateral
set of partners that need to interact in order for a focal
value proposition to materialize” (Adner 2017, p. 40).
Ecosystems differ from other governance forms and
emerge from modularity, thereby enabling the coordi-
nation of “multilateral dependences based on various
types of complementarities” (Jacobides et al. 2018, p.
2255). In the entrepreneurship literature, several vari-
ations of this concept have emerged. Digital transfor-
mation put forward the importance of entrepreneurial
ecosystems (Autio, Nambisan, et al., 2018). Entrepre-
neurial ecosystems include orchestrated communi-
ties of stakeholders and external resources that focus
on opportunity identification, pursuit, and scale-up
(Autio & Thomas, 2014).

Recently, to better conceptualize entrepreneurship
in the digital age, Sussan and Acs (2017) introduced
the term digital entrepreneurial ecosystem (DEE),
which integrates two concepts: the digital ecosystem
(Dini et al. 2011; Weil & Woerner, 2015) and the
entrepreneurial ecosystem (Acs et al. 2014; Stam,
2015). Given its novelty, the definition of a DEE is
not yet consolidated, in spite of some recent attempts
to clarify this concept (see for example, Elia et al.
2020). In this study, following Du et al. (2018) defini-
tion, it is considered that a DEE represents a combi-
nation of elements, in a particular territory, backing
the growth of start-ups aiming to pursue new oppor-
tunities that arise from digital technologies. There is
an ongoing discussion on whether DEEs are “local,
global, in between, or all of the above?” (Song, 2019,
p- 583). In fact, the literature shows that the answer
to this question is not consensual (e.g., Acs et al.
2018; Cavallo et al. 2019; Spigel, 2017; Stam, 2015).
However, irrespective of this question, as any entre-
preneurial ecosystem, a DEE always implies interac-
tions between biotic (the individual) and abiotic enti-
ties (the institutional environment). But, despite the
importance of DEE elements, it might be questioned
if all elements are equally necessary.
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Past studies suggested that the ecosystem’s perfor-
mance is driven by the whole system (e.g., Stam &
van de Ven, 2019; Isenberg, 2010), implying that all
the elements are necessary. However, the necessity
of the elements of a DEE has not been empirically
tested. Furthermore, the level of necessity of each
element is likely to differ and to be contingent to the
outcome. Digitally-enabled unicorns can be the most
suitable output of DEE performance, since they are
likely to require both digital and entrepreneurial eco-
systems. However, this study considers other outputs
(unicorns — i.e., start-ups valued above $1 billion
— and new business creation) to better understand
the necessity of each DEE element. In doing so, an
additional contribution can be made, since the litera-
ture has not reached a consensus on how to measure
entrepreneurial ecosystems performance. Finding the
necessity of each element is of special concern from a
policy perspective because a necessary condition can-
not be left out. A necessary condition must be present
to achieve a desired outcome (Dul, 2016). Thus, iden-
tifying necessary conditions might provide action-
able insights to guide policy design. This is important
from a policy perspective, since policymakers are
struggling to find the action points necessary to nur-
ture and develop entrepreneurship (Jung et al., 2017).
This study also responds to the call to further research
to shed light on which elements operate as “true”
bottlenecks (Acs et al., 2014). Finding the levels of
necessity of each DEE element for specific levels
of different outputs can provide useful guidance for
policymakers. For example, it can show what matters
most for producing digitally-enabled unicorns.

Inspired by Isenberg (2010) and following past
research (Acs et al. 2014, 2018), this study considers
the country as the unit of analysis and uses data from
EIDES (Autio, Szerb, et al., 2018). It is asserted that
a condition might be necessary, but not sufficient to
obtain a given output. This especially applies to uni-
corns, which are considered to be a rare phenomenon
(Acs et al. 2017). To analyze necessary conditions in
kind and in degree, we resort to two complementary
methods: fuzzy-set qualitative comparative analysis
(fs/QCA) and necessary condition analysis (NCA).
Fs/QCA analyzes relationships of necessity in kind
(i.e., a condition is necessary or not for a given out-
come), while NCA analyzes relationships of necessity
both in kind and in degree, which allows to say that
“a specific level of a condition is necessary or not for
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a specific level of the outcome” (Vis & Dul, 2018, p.
872).

This study makes the following contributions to
the entrepreneurial ecosystems literature. First, the
results show that all DEE elements are necessary to
produce digitally-enabled unicorns, but for other out-
puts, only some DEE elements can be considered
necessary. Second, the study identifies the bottlenecks
for each level of a given output. This advances the lit-
erature and suggests that future research should take
into account different levels of necessity. Further-
more, this insight provides actionable indications for
policymakers, which can use the bottlenecks identi-
fied in this study to optimize policy resources allo-
cation. Third, the results give empirical support to
the notion that ambitious entrepreneurship is a more
suitable measure of entrepreneurial ecosystems. The
results show that digitally-enabled unicorns are a bet-
ter measure of DEE performance rather than unicorns
or new business creation. Finally, the results reinforce
the argument that fs/QCA should be complemented
with NCA when examining necessary conditions.

After this introduction, the next section provides
the conceptual framework. Thereafter, the sample
and the methods are described. Then, the results are
presented. In the subsequent section, the findings are
discussed, and implications for policymakers and
researchers are drawn. Finally, the main conclusions
are highlighted.

2 Theoretical background
2.1 Digitalization and entrepreneurial ecosystems

Research on entrepreneurial ecosystems is still in its
infancy, and that is even more so for digital entrepre-
neurial ecosystems (DEE). The literature that intro-
duced the concept of entrepreneurial ecosystems
goes back to Cohen (2006), Isenberg (2010), and
Feld (2012). Since then, the concept gained momen-
tum (for an overview on the evolution of the concept,
see Cavallo et al. 2019). The concept of ecosystem
translates a biological analogy. Therefore, interac-
tions between biotic and abiotic entities characterize
the ecosystem. The entrepreneurial ecosystem consid-
ers systemic conditions (the biotic) and framework
conditions (the abiotic), and the systemic conditions

(e.g., knowledge and support services, talent, finance,
networks) are considered to be at the heart of the eco-
system (Stam & Spigel, 2016). The literature already
proposed several frameworks to describe the elements
of entrepreneurial ecosystems (e.g., Alvedalen &
Boschma, 2017; Kuratko et al. 2017). However, only
a few studies consider the influence of digitalization
on entrepreneurial ecosystems (e.g., Sussan & Acs,
2017).

With the emergence of the digital age, the actors of
entrepreneurial ecosystems have become more tech-
nological advanced. Startup Genome (2019) reported
that, in 2018, 45% of the start-ups were related to
deep tech (e.g., Al, advanced manufacturing, and
robotics), versus 22.8% in 2010/2011, which reflects
the importance of digital technologies and justifies the
integration of the concept of digital ecosystem (Dini
et al. 2011; Weil & Woerner, 2015) with the concept
of entrepreneurial ecosystem (Acs et al. 2014; Stam,
2015), and brings about the concept of DEE that was
introduced by Sussan and Acs (2017). DEEs combine
different elements that support the growth of start-
ups that pursue digital opportunities (Du et al. 2018).
Sussan and Acs (2017) introduced a DEE framework,
which was later refined by Song (2019). The reconfig-
uration of the DEE framework made by Song (2019)
resulted in three concepts, as follows: (i) “digital user
citizenship” that includes heterogeneous groups of
users, who can be either consumers or producers; (ii)
“digital technology entrepreneurship” comprehending
all agents that develop complementary products and
services linked to digital platforms; and (iii) “digi-
tal multisided platform” that enables and facilitates
innovation and value creation activities. Furthermore,
Song (2019) provides a number of conditions that are
needed to warrant the sustainability of DEE, namely,
the protection of user privacy, platform efficiency,
market competition not being stifled by platforms,
security of the digital infrastructure, and also digital
finance.

Digital technologies have several implications for
entrepreneurship. The boundaries of entrepreneurship
outcomes and processes become increasingly more
fluid (Nambisan, 2017). The digitalization of prod-
ucts and services offers greater flexibility (Yoo et al.
2010). Digitalization refers to ‘“the sociotechnical
process of applying digitising techniques to broader
social and institutional contexts that render digital

@ Springer



P. Torres, P. Godinho

technologies infrastructural” (Tilson et al. 2010, p.
749). The term “digital affordances” has been coined
to represent the potentialities of digitalization (Autio,
Nambisan, et al., 2018). Digitalization provides new
ways of collaborating and organizing resources and
the design of novel solutions (Markus and Loebecke
2013). Digitalization simplifies access to new markets
(Nambisan, 2017) and facilitates knowledge sharing
(Thompson et al. 2018). Furthermore, digitalization
reduces dependency on location-specific value chain
assets and resources (Autio, Nambisan, et al., 2018).
This raises the question about the optimal unit of
analysis (Cavallo et al. 2019; Song, 2019). Past stud-
ies suggest that researchers should continue to inves-
tigate several units of analysis to better understand
DEE (Sussan & Acs, 2017). This includes country
comparisons. Thus, following past research (e.g., Acs
et al. 2014, 2018), this study uses the country as the
unit of analysis. Isenberg (2010) also recognizes the
role of national governments in building environ-
ments that promote and help sustain entrepreneurship.

2.2 Elements of a digital entrepreneurial ecosystem:
the EIDES index

To assess DEEs in the 27 countries of the European
Union and in the UK, which was a state member at
the time of the report, Autio, Szerb, et al. (2018)
developed an index: the European Index of Digital
Entrepreneurship Systems (EIDES). Although sev-
eral entrepreneurial ecosystem indexes have been
developed, we are interested in DEEs, and the assess-
ment made by the EIDES seems to be a proper and
reliable match. Compared to other entrepreneurial
indexes, such as the Global Entrepreneurship Index
from the Global Entrepreneurship Monitor (GEM),
EIDES integrates entrepreneurial ecosystems and
digital ecosystem concepts by introducing the digital
counterparts of entrepreneurship ecosystem condi-
tions. To the best of our knowledge, EIDES is the first
index that considers digitally-enabled entrepreneurial
transformation and targets “modern” start-ups. More
recently, the Global Entrepreneurship and Develop-
ment Institute (GEDI) has developed the Digital Plat-
form Economy Index (DPE), which could also be a
proper data source. Whereas EIDES aims to reflect
the use of digital technologies, DPE focuses on plat-
forms. DPE considers more countries than EIDES,
but it only presents the index scores, while EIDES
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discloses detailed data regarding the elements of the
digital entrepreneurial ecosystem. This decomposi-
tion allows the analysis of the levels of necessity of
each DEE component. EIDES is highly correlated
with the Digital Economy and Society Index (DESI)
(Autio, Szerb, et al., 2018, p. 45). DESI summarizes
relevant indicators of EU member states digital com-
petitiveness; this further ensures that the digital eco-
system is captured in EIDES. Furthermore, EIDES
suggests that productive entrepreneurship is an output
facilitated by general and systemic framework condi-
tions. This is important for the analysis performed in
the present study. Additionally, by focusing on EU
member states (plus the UK, a former member state),
EIDES isolates the aspects under study.

Literature on entrepreneurial ecosystem ele-
ments distinguishes institutional arrangements from
resource endowments (Stam & van de Ven, 2019).
In the same vein, the EIDES includes four general
framework conditions, which relate to the market and
to the institutional context, and four systemic frame-
work conditions that are linked to the resource con-
text. Figure 1 illustrates the conceptual framework
of this study, including these pillars. EIDES was
designed as a tool to better understand the extent of
digitally-enabled entrepreneurial ecosystems (Autio,
Szerb, et al., 2018). Therefore, the index takes into
account associated digital counterparts of the afore-
mentioned conditions.

The general framework conditions comprise: “cul-
tural and informal institutions”’; “formal institutions,
regulation, and taxation”; “market conditions”; and
“physical infrastructure”. Regarding ‘“cultural and
informal institutions”, the rationale is as follows. If
the country’s cultural values and practices encourage
entrepreneurship, becoming an entrepreneur might be
more attractive for high-potential individuals (Autio,
Szerb, et al., 2018). This might increase entrepreneur-
ship quality. Informal institutions constitute the first
level of the conceptual structure proposed by Wil-
liamson (2000) to the institutional framework, con-
sidering a four-level hierarchy. In EIDES, the basic
use of the Internet by population and businesses is
included in this pillar. The first two levels of the pro-
posed conceptual framework are of most importance
for entrepreneurship. Level two comprises formal
institutions, which represent the “rules of the game”
(North, 1990) and can impact both the quality and
the quantity of national entrepreneurship (Autio &
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Fig. 1 Conceptual frame-
work and EIDES main
pillars
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Fu, 2015). The level two institutions are especially
important for entrepreneurship because they influ-
ence the portion of potential profits that entrepreneurs
can claim (Acemoglu et al. 2005; Estrin et al. 2013).
To include digitalization, the EIDES considers in the
pillar “formal institutions, regulation, and taxation”
the freedom of the Internet versus its security and
e-government indicators. Williamson (2000) frame-
work also considers governance (level three), which
corresponds to the “play of the game” and resource
allocation (level four). In the EIDES, “market condi-
tions” are considered an important driver of entrepre-
neurship. This pillar includes not only the conditions
and ease of entry in the local market, but also inter-
nationalization and use of the Internet for sales. The
“physical infrastructure” regulates potential acces-
sibility to markets. An adequate level of “physical
infrastructure” might be a vital element because it
allows economic interaction (Audretsch et al. 2015).
Besides more traditional infrastructures, the EIDES
considers digital infrastructure, access, cost, speed,
and reliability.

The systemic framework conditions, that is,
resource-related conditions, include: “human capital”;
“knowledge creation and dissemination”; “finance”;
and “networking and support”. “Human capital” is
usually associated with entrepreneurship quality.
High-talented individuals are more likely to spot and
engage in high-quality opportunities for entrepre-
neurship (Davidsson & Honig, 2003). Knowledge

creation can lead to better solutions (Stam & van de
Ven, 2019) that can leverage firm growth. Finance,
particularly the existence of adequate venture capi-
tal, is important to support start-ups; for instance,
venture capital impacts high-tech entrepreneurial
firms’ sales growth (Grilli & Murtinu, 2014). Regard-
ing “networking and support”, it has been recog-
nized that networks can be an important element for
entrepreneurial ecosystems’ success (Spigel, 2017).
Networks enable access to resources, which other-
wise would not be useful (Spigel & Harrison, 2018),
and they also facilitate access to knowledge, human
capital, and funding (Malecki, 1997). In EIDES, this
condition includes social media, among other digital
networks.

Despite the importance of DEE elements, it might
be questioned if all elements are equally necessary.
Past studies suggest that ecosystem performance
is driven by the whole system (e.g., Stam & van de
Ven, 2019; Isenberg, 2010), which means that a “pen-
alty for bottleneck” might occur. That is, if the sys-
tem elements interact to produce system performance,
then, bottlenecks might hinder the ecosystem perfor-
mance (Acs et al. 2014). However, the necessity of
each condition has not been empirically tested. Fur-
thermore, the level of each condition that might con-
stitute a bottleneck for a desired level of DEE perfor-
mance has not been empirically addressed. In fact, the
necessity of a condition might depend on the desired
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output. This study aims to shed light on these impor-
tant issues.

2.3 Digital entrepreneurial ecosystem performance

There is some evidence of the impact of entrepreneur-
ial ecosystems on entrepreneurship and value creation
(e.g., Stam & van de Ven, 2019; Tsvetkova, 2015).
Nevertheless, the measurement of entrepreneurial
ecosystems performance remains an open question.
Common output measures of entrepreneurship are the
emergence of new self-employment or the creation of
new businesses. These outputs are obtained through
indicators based on surveys and are aggregated at the
national level and normalized by the country popula-
tion; these outputs constitute mainly density measures
(Cavallo et al. 2019). However, these measures might
be inadequate to address entrepreneurial ecosystems
performance.

Spigel and Harrison (2018) suggested that the
concept of entrepreneurial ecosystems might be dif-
ferent because of its focus on high-growth firms
(HGFs). Entrepreneurial ecosystems are usually used
to explain ambitious entrepreneurship (Alvedalen &
Boschma, 2017). High-quality entrepreneurship has
been the focus of many works (e.g., Coad et al. 2014;
Davila et al. 2003; Georgallis & Durand, 2017). In
the same vein, Bruns et al. (2017) note that the pres-
ence of unicorns might be a better measure than self-
employment and new firm creation. The number of
unicorns can constitute a proper output and a robust
indicator of the strength of entrepreneurial ecosys-
tems (Acs et al. 2017). However, because unicorns
are rare, there is a risk of being a too narrow output
(Cavallo et al. 2019).

Many unicorns are multisided platforms whose
activity is conducted in the virtual space, helping
two or more different groups to interact with each
other (Evans and Schmakensee 2016). In doing so,
unicorns often disrupt existing businesses (Sussan
& Acs, 2017). Platform business models are highly
scalable (Acs et al. 2017). Hence, it is sensible to
expect digitally-enabled start-ups to reach high valu-
ations in a very short timeframe. Multisided plat-
form businesses have to acquire millions of custom-
ers to became unicorns. A well-functioning DEE
might facilitate this task. Foundational multisided
platforms, such as Google, can also be helpful to
the rise of novel platform-based businesses, since
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they constitute a “platform of platforms” (Evans &
Schmakensee, 2016).

Considering the previous arguments, if ambitious
entrepreneurship can be a proper output of entrepre-
neurial ecosystems, it is even more so in the case
of DEE. Unicorns constitute the “best in class” of
HGFs, and they are an extreme case of high-growth.
Furthermore, unicorns usually rely on digital tech-
nologies. Hence, they might be especially adequate
to measure DEE performance. Digitally-enabled uni-
corns even more so, since these businesses rely on a
well-functioning digital infrastructure. The present
study aims to empirically test the suitability of three
possible outputs as measures of DEE performance:
(i) new business creation, which can be considered a
traditional measure of entrepreneurship; (ii) unicorns
which might be a measure of high-quality entrepre-
neurship; and (iii) digitally-enabled unicorns, which
could be associated with multisided platform busi-
ness models. By considering these outputs, this
study may shed light on why HGFs are more preva-
lent in some countries, which has been considered
an important research question (Krasniqi & Desai,
2016). Audretsch (2021) suggests that only a sub-
set of entrepreneurial firms benefit from a model of
entrepreneurship similar to the one of Silicon Valley
and poses that the type of entrepreneurship that works
depends on the context. In the same vein, this study
aims to identify the different set of “true” bottlenecks
that are linked to three aforementioned outputs.

Policymakers, researchers, and business leaders
have shown increasing interested in HGFs because
they constitute a highly desirable subset of firms
(Krasniqi & Desai, 2016). Acs et al. (2014) suggest
that the most important aspect of entrepreneurship
from an economic perspective is not the quantity
but the quality, and it has been noted that HGFs can
produce disproportionate economic gains (Moreno
& Coad, 2015). However, few start-ups become uni-
corns. Unicorns represent an extreme output. Even
if all elements of the DEE are necessary to support
this output, it is sensible to expect that their presence
might not be sufficient to produce unicorns. Never-
theless, knowing the elements of DEE that matter the
most for digitally-enabled unicorns can guide future
policies aiming to enhance productive entrepreneur-
ship in the digital age.



Levels of necessity of entrepreneurial ecosystems elements

3 Research design
3.1 Sample and data

Productive entrepreneurship is a proper output of
entrepreneurial ecosystems (e.g., Stam & van de
Ven, 2019; Stam, 2015). However, the adequate
measure of DEE performance remains unclear. In this
study, to shed light on this issue, three outputs were
tested: the number of digitally-enabled unicorns and
the number of unicorns and new business creation
per 1000 people with ages ranging from 15 to 64.
For new business creation, data from World Devel-
opment Indicators, which is compiled by the World
Bank from officially recognized international sources,
regarding new business density (new registrations per
1000 people ages 15-64) was employed. The data
refers to 2018, the last year available at the time this
research was conducted.

Data about the number of companies that became
unicorns, since 2018, in each country, was extracted
from CB Insights (retrieved from https://www.cbins
ights.com/research-unicorn-companies on the 30
of December 2020). The sample includes the cur-
rent 27 EU member states, plus the UK (a former
EU member state). Among the sixteen categories
that are present in CB Insights report, the following

Table 1 Sample

eight categories were considered adequate to clas-
sify unicorns as digitally-enabled: (i) artificial intel-
ligence; (ii) cybersecurity; (iii) data management and
analytics; (iv) e-commerce and direct-to-consumer;
(v) edtech; (vi) fintech; (vii) Internet software and
services; and (viii) mobile and telecommunications.
Considering this data source and criteria, the total
number of companies that became unicorns since
2018 in the UE (including the UK) is 41, from which
25 are digitally-enabled unicorns. The sample is pre-
sented in Table 1.

Data regarding DEE elements comes from the
EIDES (Autio, Szerb, et al., 2018), which was devel-
oped by JRC (the Joint Research Centre from the
European Commission), in the context of project
RISES — “Research on Innovation, Start-up Europe
and Standardisation”. EIDES assesses the DEE of 28
EU member states (the scores were calculated before
Brexit, so they also include the UK). In this study, the
values of the eight elements of DEE in each coun-
try were used. These elements are consistent with
the measurement of entrepreneurial ecosystems pro-
posed by Stam (2015). As aforementioned in Sub-
section 2.3., they encompass four general framework
conditions and four systemic conditions and include
the respective digital counterparts.

Country Digital-enabled Unicorns New business Country Digital-enabled Unicorns New
unicorns creation unicorns business
creation
Austria 0 0 0,649 Italy 0 0 2,961
Belgium 0 0 3,368 Latvia 0 0 8,005
Bulgaria 0 0 10,102 Lithuania 1 1 3,328
Croatia 1 1 5,860 Luxembourg 0 1 17,196
Cyprus 0 0 17,576 Malta 0 0 17,485
Czech Republic 0 0 4,393 Netherlands 2 3 6,417
Denmark 0 0 10,010 Poland 0 0 1,441
Estonia 0 1 23,593 Portugal 1 1 6,492
Finland 0 0 4,287 Romania 0 0 7,319
France 3 5 4,841 Slovakia 0 0 5,253
Germany 5 10 1,353 Slovenia 0 0 3,094
Greece 0 0 1,420 Spain 0 2 3,072
Hungary 0 0 3,737 Sweden 0 2 7,184
Ireland 1 1 7,130 United Kingdom 11 14 15,645

New business creation =number of new firms per 1000 people (ages 15-64)
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3.2 Methods
3.2.1 Fs/QCA

Fs/QCA embraces causal complexity and considers
configurations, allowing the conjunction of simple
antecedent conditions and recognizing that different
paths can bring about the same outcome or output
(Furnari et al. 2020). If a configuration is a consistent
superset of the outcome, it corresponds to a situation
of necessity, while a configuration that is a consistent
subset of the outcome corresponds to a situation con-
sistent with sufficiency (Greckhamer et al. 2018). In
fs/QCA, the analysis of necessary conditions usually
precedes the sufficiency analysis (Rihoux & Ragin,
2009). Fs/QCA output quality is assessed using two
key statistics: coverage and consistency, which vary
between “0” and “1”. In the case of necessary condi-
tions analysis, the consistency of the hypothesis “The
antecedent X is necessary for the outcome Y gauges
how well the cases agree with the hypothesis, and it
can be measured as (Ragin, 2008, p. 53):

_ Y [min(X,.Y,)]
“TT3m

where X; is the score of the i-th case in the ante-
cedent X and Y, is the score of the i-th case in the
consequent Y.

The coverage of the hypothesis is a measure of its
empirical relevance, and it is calculated as (Ragin,
2008, p. 61):

_ X [min(X;.Y))]
z (%)

To be considered necessary, a condition must show
a very high consistency and a non-negligible cover-
age (Ragin, 2008). A consistency threshold of 0.90 is
usually recommended for this analysis (e.g., Rihoux
& Ragin, 2009).

This method uses fuzzy numbers, which represent
degrees of membership, ranging from “0” to “1”.
Through a calibration process, the degree of member-
ship of each case to each condition should be assigned
a priori (Mufioz & Dimov, 2015). This means that,
in fs/QCA, the scores X; and Y; used in the previous
expressions for calculating consistency and coverage
are these degrees of membership. In this study, the

k]

G

)
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outputs of interest are the presence of digitally-ena-
bled unicorns, unicorns, and new business creation.
To calibrate unicorns’ output, countries that exhibit
more than 3 new unicorns during the considered
period were coded as “fully in” (=1) and countries
with no unicorns were coded as “fully out” (=0). The
remaining countries were coded as “more in than out”
(=0.67) if the number of unicorns ranges from two to
three and “more out than in” (=0.33) if they have just
one unicorn since 2018. There is no need to relativize
the country size because “a large home base is neither
a necessary nor sufficient condition for a highly pro-
ductive ecosystem” (Acs et al. 2017 p. 7). Digitally-
enabled unicorns are a subset of the unicorns sample;
therefore, they follow the same calibration criteria.
New business creation was calibrated in a similar
way. More than 15 new firms per 1000 people ages
15-64 were coded as “fully in” (=1). If the number
is under 4.5, the country is considered as “fully out”
(=0). Over 8, but below 15, new business creation
per 1000 people ages 15-64 was coded 0.67, and if
the number of new business creation ranges from 4.5,
to 8, the degree of membership 0.33 was used.

Regarding the general and systemic framework
conditions, the EIDES index scores range from 0
to 100, and EIDES considers countries with a score
above 70 to be “leaders”. The remaining countries
are named “followers” if the score is over 45; “catch-
ers-up” if the score is over 35; and “laggards” if the
score is less than 35. These thresholds were used to
define the four-value fuzzy-sets. Thus, scores above
70 were coded a “fully in” (degree of membership of
1), scores over 45 were coded as “more in than out”
(degree of membership of 0.67), scores over 35 were
coded as “more out than in” (degree of membership
of 0.33), and scores under 35 were coded as “fully
out” (degree of membership of 0).

3.2.2 NCA

Necessary condition analysis (NCA) is a novel
method developed by Dul (2016). NCA allows the
estimation of “the necessity effect size of a condition
X for an outcome Y” (Dul et al. 2020, p. 385). This
method can be used with both discrete and continu-
ous conditions. While fs/QCA looks for sets of neces-
sary and sufficient conditions, NCA allows a quantita-
tive statement like “a specific level of X is necessary
for a specific level of Y” (Vis & Dul, 2018, p. 879).
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NCA draws a ceiling line on the top of the data in
a XY scatter plot, and the empty space in the upper
left corner suggests that high values of Y are not pos-
sible with low values of X (Dul et al. 2020). The area
above this ceiling zone is a measure of the constrain-
ing effect of the identified necessary condition. The
proportion of the potential area with observations that
lies above the ceiling line is termed the effect size, d
(Dul, 2016, p. 29):

d==
S

where C is the size of the ceiling zone and S is the
size of the potential area with observations, termed
the scope.

Two techniques are generally used to draw the ceil-
ing lines, the CE-FDH (Ceiling Envelopment — Free
Disposal Hull), a step function, and CR-FDH (Ceil-
ing Regression — Free Disposal Hull). The former
is usually employed when using discrete data and a
limited number of levels, and the latter is used both
for discrete data with a large number of levels and
for continuous data. In this study, we used four lev-
els for each condition; hence, CE-FDH was used to
draw the ceiling lines. The accuracy of a ceiling line
corresponds to “the number of observations that
are on or below the ceiling line divided by the total
number of observations” (Dul, 2016, p. 28). For CR-
FDH, the accuracy can be below 100%, but for CE-
FDH, the accuracy must be 100%. Since we resort to
CE-FDH, in this study, the accuracy is always 100%.
The necessity effect size (d), which ranges from 0 to
1, corresponds to the size if the empty space above
the ceiling line. Dul (2016) proposes the following
criteria to evaluate necessary condition effect size:
0<d<0.1=small effect; 0.1<d<0.3=medium
effect; 0.3<d<0.5=Ilarge effect; and>0.5=very
large effect.

The ceiling lines also define the bottlenecks. The
bottleneck is the level of an antecedent X that is nec-
essary to achieve a given level of the outcome Y, and
it can be defined as the y-coordinate of the ceiling
line for the considered level of X. If, for a given level
of X, the ceiling line lies above the potential area with
observations, this means that the outcome is not con-
strained for that level of X.

Similar to other methods, NCA uses the p-value
for statistical inference. This work follows the
approach of Dul (2015) for estimating the p-value: a

large number of random samples (10, 000) is created
to obtain a distribution of effect sizes under the null
hypothesis, and the obtained effect size is compared
with this distribution to determine the p-value (Dul,
2015, p. 15).

Although both fs/QCA and NCA can be used to
perform an analysis of necessary conditions, NCA
is able to provide richer information than fs/QCA on
this regard — in fact, fs/QCA is usually applied mostly
to sufficient conditions analysis. When applied to the
identification of necessary conditions, fs/QCA looks
for conditions whose presence is necessary to achieve
the outcome (in kind necessary conditions), whereas
NCA looks for conditions that are required at a given
level (in degree necessary conditions). Therefore,
NCA provides a more general analysis of necessary
conditions than fs/QCA. We can say that fs/QCA
restricts the ceiling line to the bisectional diagonal
through the theoretical scope, and therefore, it nor-
mally finds considerably less necessary conditions in
data sets than NCA (Dul, 2016, p. 32). Fs/QCA and
NCA can be seen as providing two different, com-
plementary perspectives over the necessary condi-
tions to achieve an outcome, so it is useful to use both
together to reach more robust conclusions.

4 Results

Table 2 presents the results of the fs/QCA analysis of
necessary conditions. The consistency scores become
higher as we move from new business creation to
unicorns and digitally-enabled unicorns. However, in
spite of high consistency scores in unicorns and digi-
tally-enabled unicorns, none of the conditions can be
considered necessary for unicorns, and only one con-
dition is over the 0.90 threshold in digitally-enabled
unicorns. The fs/QCA just identifies market condi-
tions as necessary for digitally-enabled unicorns.

The NCA analysis provides a different picture, as
shown in Table 3. All conditions can be considered
necessary for digitally-enabled unicorns. All effect
sizes are large or very large. Regarding unicorns,
most conditions are necessary with two exceptions:
“formal institutions, regulations, and taxation” and
“knowledge creation and dissemination”. For new
business creation, only two conditions (“formal insti-
tutions, regulations, and taxation” and “finance”) are
statistically significant, and the respective effect sizes
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Table 2 Results of fs/
QCA necessary conditions
analysis

New busi-
ness creation

Digital-enabled Unicorns
unicorns

Cl C2 Cl C2 Cl C2

General framework conditions

Cultural and informal institutions 788 297 763 432 551 431
Formal institutions, regulation, and taxation .856 310 .808 434 .656 487

Market conditions
Physical infrastructure

Systemic framework conditions

Human capital
Finance

Networking and support

929 351 811 458 517 404
J88 274 847 425 621 449

856 315 857 472 587 446
858 279 858 418 794 534
858 285 858 427 723 497

Knowledge creation and dissemination 858 315 763 420 587 446

C1 consistency; C2 coverage

are medium. It is interesting to note the changes not
only in the statistical significance, but also in the
effect sizes. For instance, the effect size of “cultural
and informal institutions” changes from large to very
large, when considering unicorns and digitally-ena-
bled unicorns, respectively. The most notable change
in the necessary conditions for these two outputs is
shown in “knowledge creation and dissemination”,
which was not significant in the case of unicorns, but
becomes significant and shows a very large effect in
the case of digitally-enabled unicorns. Besides the
effect sizes, it is also important to understand to what
extent they are necessary.

The bottleneck analysis presented in Table 4
indicates the minimum level of each condition that
is required for each level of output. This adds new
insights. For instance, to obtain high levels of new
business creation (a “fully in” situation), the results
suggest that only three DEE elements require a mini-
mal level: the score in EIDES of “formal institutions,
regulations, and taxation” should be higher than 45
(corresponding to a calibrated score of 0.67); the
same for “finance”; and the score for “networking and
support” should be higher than 35 (which is trans-
lated into a calibrated score of 0.33). The two DEE
elements that should present scores higher than 45

Table 3 Results of
multivariate NCA

Digitally-ena- Unicorns New business

bled unicorns creation
d P d p d P
General framework conditions
Cultural and informal institutions S558#% 011 .333** 013 .000 1.000
Formal institutions, regulations, and taxation .442*  .051 .221 138 .221%*% 033

Market conditions
Physical infrastructure

Systemic framework conditions

Human capital
Finance

Networking and support

S558*% 010 .333*%% 016 .000 1.000
A449*% 067 .449%% 012 .109 205

A442*% 053 .330%*%  .024 .000 1.000
A449*% 092 .449%% 021 .221*  .096
S558%% 030 .558%**F 003 221 178

Knowledge creation and dissemination 558*%* 014 221 152 .000 1.000

d effect size; p p-value

" p<.01; #p<.05; ¥p<.10
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Table 4 Bottlenecks

Digitally-enabled uni-

corns

Unicorns

New business creation

00 >.10 >.40 >.70

00 >.10 >40 =>.70

>.00 >.10 >40 >.70

General framework conditions

1.00 NN NN .33 .67 NN NN NN NN
1.00 NN NN .33 33 NN NN NN .67
1.00 NN NN .33 .67 NN NN NN NN
.67 NN NN .67 .67 NN NN NN 33
.67 NN .33 .33 33 NN NN NN NN
.67 NN NN .67 .67 NN NN NN .67
.67 NN .33 .67 .67 NN NN .33 33
100 NN NN NN 67 NN NN NN NN

Cultural and informal institutions NN NN .67
Formal institutions, regulations, and taxation NN NN .33
Market conditions NN NN .67
Physical infrastructure NN NN .67
Systemic framework conditions
Human capital NN .33 .33
Finance NN NN .67
Networking and support NN 33 .67
Knowledge creation and dissemination NN NN .67

NN not necessary

correspond to the ones that were found to be statisti-
cally significant.

For a “fully in” situation regarding unicorns (i.e.,
the number of unicorns in the time period of the
analysis exceeds 3), all conditions should be present
EIDES scores above 45, except the following two,
which can have scores over 35: “formal institutions,
regulations, and taxation” and “human capital”. Dig-
itally-enabled unicorns require higher scores than
unicorns in many DEE elements. To obtain more
than three digitally-enabled unicorns, the results sug-
gest that a minimal score of 45 is required in three
systemic framework conditions (“human capital”;
“finance”; and “networking and support”) and one
general framework condition (“physical infrastruc-
ture”). All other conditions should present a score
over 70 in EIDES: three general framework condi-
tions (“cultural and informal institutions”; “formal
institutions, regulations, and taxation”; and “market
conditions”) and one systemic framework condition
(“knowledge creation and dissemination”).

It is interesting to note the changes in the levels of
the bottlenecks for different outputs. Between unicorns
and digitally-enabled unicorns, the most notable change
is in “formal institutions, regulations, and taxation” that
changes from a minimal score of 35 to 70 to produce
more than three unicorns. The same change is required
when moving from a “more in than out” situation to a
“fully in” situation in digitally-enabled unicorns. Regard-
ing “human capital”, a similar situation occurs, but the

change is from a score of 35 to 45. It is also worth to
highlight the change in “knowledge creation and dis-
semination”. For unicorns, only the “fully in” situa-
tion requires countries to be in the “followers” group in
this condition (score over 45 and below or equal to 70).
Digitally-enabled unicorns require the same level of this
condition for the “more in than out” output and require a
score that belongs to the “leaders” group (that is, over 70)
for a “fully in” situation. Moreover, it is also salient that
“finance”, a condition that is required for a high level of
new business creation at a minimal level corresponding
to a 45 score in EIDES, does not need to be higher for the
highest levels of unicorns or digitally-enabled unicorns.
Thus, when reaching this score in this specific condition,
countries should pay attention to other bottlenecks. Fur-
thermore, this level is enough irrespectively of the output
that policymakers aim to promote.

The obtained results give empirical support to
some notions outlined in the entrepreneurial ecosys-
tem literature, but they present a different picture. In
particular, they highlight different levels of neces-
sity of DEE elements that provide new insights for
research and policy, which are discussed in the next
section.

5 Discussion

The main objective of this study is to examine the lev-
els of necessity of DEE elements. For this purpose,
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three possible outputs were considered. A traditional
output, the number of new business creation normal-
ized by the country population size, and two extreme
outputs, the number of new unicorns and the num-
ber of digitally-enabled unicorns. The results show
that DEEs are indeed important for producing very
high-quality outputs. But, for new business creation,
DEE elements do not have the same importance. This
study identified the necessary conditions for each
output, the effect size of necessary conditions, and
potential bottlenecks. The insights obtained in this
study advance the literature on this important issue
and might guide policy design.

For digitally-enabled unicorns, all conditions are
necessary, and effect sizes are always large or very
large. Two general framework conditions (“cultural
and informal institutions” and “market conditions”)
and two systemic framework conditions (“network-
ing and support” and “knowledge creation and dis-
semination”) have very large effect sizes. Cultural
and informal institutions can increase the quality of
entrepreneurial activity. They correspond to the first
level of Williamson (2000) institutional framework
that is of utmost importance to entrepreneurship.
Market conditions are also key. For instance, this con-
dition is associated with agglomeration externalities,
which facilitate opportunity recognition and exploita-
tion (Autio, Szerb, et al., 2018). This positive effect
is leveraged by digital technologies, which facilitate
the growth of multisided platform businesses because
they facilitate the business of matchmakers. This is
further enhanced by urbanization, which is also taken
into consideration in EIDES. In the index, “network-
ing and support” is related with cluster development,
business sophistication, and efficient logistics. The
digital counterpart is linked with digital infrastruc-
tures and networking’ technologies. According to
Autio, Szerb, et al. (2018), this DEE element can
enhance efficiency, provide opportunities for innova-
tion, and reduce barriers to entry. The “knowledge
creation and dissemination” considers the access to
knowledge-intensive human capital, R&D invest-
ment, and the existence of patents. Knowledge crea-
tion can leverage firm growth since it can lead to new
solutions (Stam & van de Ven, 2019).

The results show that the necessity of “knowledge
creation and dissemination” is not statistically signifi-
cant for unicorns. Among other differences between
the effect sizes of DEE elements for unicorns and
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digitally-enabled unicorns, this is likely to be most
surprising. A possible justification relies on the use of
digital technologies that distinguish digitally-enabled
unicorns from the other unicorns. Digital technolo-
gies can facilitate absorbing knowledge and materi-
alizing knowledge spill-overs (Autio, Szerb, et al.,
2018). Hence, “knowledge creation and dissemina-
tion” can be more important for digitally-enabled uni-
corns. Nevertheless, a certain level of this DEE ele-
ment is also needed when the desired output is more
than three unicorns (within the timeframe considered
in this study): the score on this element should be
higher than 45 for unicorns. Therefore, it is important
to consider the bottlenecks for each level of output.

As reported on Table 4, different levels of each
output require different levels of each DEE element.
These results show a different picture, which provides
action insights for policymakers. Different from pre-
vious research (e.g., Autio, Szerb, et al., 2018), we
suggest that the allocation of policy resources should
not just target the weakest pillar first, but rather focus
on reaching the level in each DEE element that is
required for a desired output. Doing this can improve
the efficiency in the use of resources. For instance,
in the case of digitally-enabled unicorns, the most
demanding level of output just requires countries to
be in followers’ group in four DEE elements. Since
the EIDES reports the data sources that were used for
determining each DEE element score, it is easier to
find a benchmark and implement policies to reach a
higher score in a given condition. Taking the case of
the Netherlands as an example, we can see that the
scores of “market conditions” and “networking and
support” are below the threshold of 70 that is needed
to increase the number of digitally-enabled unicorns
(69.1 and 61.4, respectively). Using this information,
the country should target the “networking and sup-
port” element. Hence, the policy could be design to
improve logistics and cluster development, among
other options.

It is not surprising that most of DEE elements are
not necessary for high levels of new business crea-
tion. In fact, Autio, Szerb, et al. (2018), p. 26) state
that they “expect EIDES to regulate the quality, rather
than the quantity, of the entrepreneurial dynamic in
the economy”. Nevertheless, the results of the NCA
give an empirical support to this assumption. Further-
more, the results show that DEE elements become
necessary and have a higher effect size when moving
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the output of the analysis from unicorns to digitally-
enabled unicorns. These results give support to the
notion that entrepreneurial ecosystems performance
should be assessed by more ambitious outputs, such
as unicorns, rather than less ambitious outputs, such
as new business creation, as suggested in the related
literature (e.g., Acs et al. 2017; Bruns et al. 2017).
Furthermore, when considering digital entrepreneur-
ial ecosystems, digitally-enabled unicorns constitute
the most suitable output and an adequate measure of
performance. Using this output would also be con-
sistent with the increasing importance of the “digi-
tal platform economy”, which translates the rising of
digitally-enabled activities in business, politics, and
social interaction (Kenney & Zysman, 2016).

The results obtained in fs/QCA and in NCA pre-
sent relevant differences. While fs/QCA only identi-
fies one DEE element as necessary to achieve a high
level of digitally-enabled unicorns (i.e., more than 3
in the time period of analysis), NCA shows that all
elements are required for this level of output. The
results obtained with fs/QCA can be compared with
the results obtained by other studies that analyze
entrepreneurial ecosystems using the same method.
Schrijvers et al. (2021) analyze the conditions for
high-performing and very high-performing ecosys-
tems in Europe. The authors identify several different
sufficient configurations for high levels of entrepre-
neurship, but no necessary conditions. In the case of
very high entrepreneurial performance, the authors
find just one sufficient configuration (with the pres-
ence of all the ten elements considered by them), and
two necessary conditions: a strong presence of lead-
ership and intermediate services. The authors also
consider unicorns as an output, reaching four nec-
essary conditions with a consistency larger than 0.9
— finance, leadership, talent and intermediate services
— but with all of them having low coverage (smaller
or equal to 0.21). Xie et al. (2021) analyze the ante-
cedents of entrepreneurial quality and quantity using
city-level data from China. Their sufficient condition
analysis highlights the importance of Internet infra-
structure and innovation capacity, but the authors find
no necessary conditions for either quality or quantity
entrepreneurship. Mufioz et al. (2020) are also unable
to find necessary conditions for strong entrepreneurial
activity in a study of Chilean local entrepreneurial
ecosystems, although they find several sufficient con-
figurations. These results are in line with the results

of the present study, which shows a somewhat limited
ability of fs/QCA for finding necessary conditions
related to the performance of entrepreneurial ecosys-
tems. The difference between the results of fs/QCA
and NCA further emphasizes the importance of using
NCA as a complement of fs/QCA.

5.1 Research implications

The findings provide support to the notion that DEEs
are important to understand entrepreneurship in the
digital age. However, the results show that this con-
cept might be more useful to explain high-quality
entrepreneurship, rather than new business creation.
In line with past research (e.g., Acs et al. 2017; Bruns
et al. 2017), our results show that unicorns might be
an adequate measure of DEE performance. Previous
literature argues that entrepreneurial ecosystems are
fit to explain ambitious entrepreneurship (Alvedalen
& Boschma, 2017). In a similar vein, we posit that
DEE performance should be assessed using extreme
outputs, such as unicorns. Furthermore, we suggest
that an even better indicator of DEE performance
would be digitally-enabled unicorns rather than
unicorns.

The literature suggests that all elements of an
entrepreneurial ecosystem are necessary to achieve
high ecosystem performance (e.g., Stam and van de
Ven 2019; Isenberg, 2010). In contrast, our results
show that some elements might not be necessary.
While DEEs can help explain why digitally-enabled
unicorns are more prevalent is some countries, not
all of its elements are required at the same level.
This responds to Acs et al.’s (2014) call for further
research to shed light on which pillars operate “true”
bottlenecks. The obtained results show the elements
that matter the most to produce digitally-enabled uni-
corns and present the levels of necessity for each out-
put, which can inform future research.

This study also supports the notion that fs/QCA
should be complemented with NCA to better understand
the necessary conditions. The results show that the for-
mer identifies considerably less necessary conditions in
data sets than NCA, as suggested by Dul (2016).

5.2 Policy implications

Necessary conditions cannot be left out; they must
be present to achieve a desired outcome (Dul, 2016).
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Therefore, identifying necessary conditions has great
value to policymakers. This study identifies the neces-
sary elements of DEE for producing digitally-enabled
unicorns and identifies bottlenecks for each level of
the output. Furthermore, by considering different out-
puts, this study shows that some DEE elements can
facilitate the rising of high levels of the three outputs
considered in the analysis: digitally-enabled unicorns;
unicorns; and new business creation. For instance, a
score of 45 in EIDES in the “finance” element cor-
responds to a bottleneck to achieve the highest level
in each output. This shows that improving this DEE
element would be beneficial not only to produce
extreme outputs, but also to boost new business crea-
tion. This also highlights that there is no need to sur-
pass this level, even if the desired output is to produce
a high number of digitally-enabled unicorns. New
business creation was not an expected DEE output,
but by including this output, it is shown that besides
“finance”, a certain level of “formal institutions, regu-
lations, and taxation” and “networking and support”
can be necessary to facilitate high levels of new busi-
ness creation. Since DEE introduces digital counter-
parts for each element, the digital aspect should also
be considered. For instance, it is important to con-
sider promoting digital finance (e.g., building a cash-
less society; promoting crowd funding activities).

The obtained values for the bottlenecks can guide
policy design aiming to boost ambitious entrepre-
neurship. The bottleneck values can contribute to
inform allocation of policy resources. Policymakers
can target the DEE elements that are likely to have
the highest effect, focusing on the weakest element,
but they should consider the level of necessity of each
condition to design more efficient policies.

5.3 Limitations and future research

As any empirical research, this study is not without
limitations. The first one is related to the data used
in the analysis. The sample includes only EU mem-
ber states (plus UK), which has pros and cons. The
countries have the same shared characteristics which
may be useful to isolate the aspects under study, but
extending the analysis to countries with wider cul-
tural differences and different degrees of economic
development might provide further insights. Further-
more, the data is limited in time, and few observa-
tions were used to test the necessity of DEE elements.
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This is justified by the novelty of DEE concept, but
future research could explore the evolution of DEE
elements and its effect on entrepreneurial outputs,
as soon as more data becomes available. This might
enable the examination of configurations that are suf-
ficient to produce extreme entrepreneurial outputs,
such as unicorns.

Second, to compute set membership thresholds,
the distribution of values was considered. While the
EIDES provides a rational for the setting the thresh-
old for DEE elements, the threshold chosen regard-
ing entrepreneurship outputs was set based on the
distribution of values. This might provide a reference
for future research, but different data might suggest
different thresholds. Furthermore, future research
might replicate this study with different outputs. Uni-
corns represent an interesting phenomenon, but they
are relatively rare. Despite the conclusion that high-
quality entrepreneurship is a better measure of DEE
performance than more traditional measures, such as
new business creation, future research might consider
moderate HGFs as a DEE output.

Finally, this study contributes to entrepreneurial
ecosystems’ performance measurement, suggesting
that digitally-enabled unicorns are an adequate output
for assessing DEE performance. However, it is recog-
nized that other possible measures exist. This issue
could be addressed in future research. For instance,
Miller and Acs (2017) suggest that the performance
can be evaluated considering how well an entrepre-
neurial ecosystem enables the exploration of knowl-
edge frontiers.

6 Conclusion

Considering three possible outputs (digitally-enabled
unicorns, unicorns, and new business creation), the
main objective of this study is to examine the level
necessity of each element of digital entrepreneurial
ecosystems (DEEs). The findings emphasize that
DEEs are important to produce digitally-enabled uni-
corns; all the elements are necessary for this output.
However, each level of this output requires different
levels of each DEE element. By outlining these bot-
tlenecks, this study advances the literature on entre-
preneurial ecosystems and provides some guidance
for policymakers. To produce a high number of dig-
itally-enabled unicorns, some conditions should be at
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its highest level, but for others, it is enough to reach a
certain level. This insight advances the related litera-
ture that usually does not consider levels of necessity.
It is also important from a policy perspective. Poli-
cymakers should be aware of these bottlenecks and
adjust the allocation of policy resources taking them
into consideration.

Furthermore, this study provides empirical support
to the notion that DEE performance should be meas-
ured taking into consideration an ambitious output,
such as unicorns. The results suggest that digitally-
enabled unicorns are a better indicator of DEE per-
formance. Additionally, this study reinforces the idea
that fs/QCA should be complemented with NCA to
better understand and identify necessary conditions.
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