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Abstract:

Entrepreneurship is an essential driver of a dynamic and successful industry. Similarly, an
entrepreneurial ecosystem is the ability of a territory to create a system of internal elements,
supporting the creation and development of productive entrepreneurship. Despite its
importance, the literature on the internal relationship of entrepreneurial ecosystem elements and
their causal effect on entrepreneurship outcomes is limited to a few theoretical, but inspiring
articles. Therefore, this research aims to develop a Bayesian network model of the causal
relationships between entrepreneurial ecosystem elements and entrepreneurship outcomes
based on Iranian field data and provide a Bayesian inference analysis to answer critical
questions such as: What is the causal effect of entrepreneurial ecosystem elements on
entrepreneurship outcomes? Which configuration of a regional entrepreneurial ecosystem
would be more effective than others? With what probabilities? In addition, for a certain level
of risk of success, what configuration of a regional entrepreneurial ecosystem would be
recommended?
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1 Introduction

In the entrepreneurship literature, attention has been paid recently to the role of
Entrepreneurial Ecosystems (EES) and their contribution to relevant economic outcomes
(Stenholm et al., 2013; Mason and Brown, 2014; Acs et al., 2017; Lafuente et al., 2018; Szerb
et al., 2013, 2017, 2019, 2020; Lafuente et al., 2020). Rather than using standard
entrepreneurship metrics, these studies point to the need to analyze the entrepreneurial context.
The premises of these works can be found in the paper of Gnyawali and Fogel, who defined the
dimensions of the entrepreneurial context as early as 1994. It includes socioeconomic factors,
the entrepreneurial and commercial skills of the project promoters, the level of financial
assistance, and institutional and governmental policies and procedures (Abdesselam et al.,
2017, 2020). Aparicio et al. (2016) found that informal factors (attitudes towards
entrepreneurship, perceived corruption, confidence in one's own capacities, etc.) have a stronger
impact on entrepreneurial activity than formal factors (procedures and costs of creating a
business, access to credit, etc.). Chowdhury et al. (2019) examined how formal and informal
institutional dimensions can affect economic development, demonstrating that institutions are
important for both the quality and the quantity of entrepreneurship.

Other studies have also shed fresh light on the concept of EEs (Mason & Brown, 2014;
Stam, 2018). Based on biological analogy, they seek to encompass all the links shared by each
institution in the ecosystem that foster the territory's sustainable and scalable innovative
performance. Autio et al (2014) define an EE as a territory made up of institutions that promote
the emergence and monitoring of new businesses, involving individuals with strong innovation
competencies that help to develop entrepreneurship. The EEs are comprised of a set of
interconnected entrepreneurial actors (companies, business angels, universities, etc.) and
entrepreneurial processes (propensity to set-up a firm, entrepreneurial mindset, etc.) that
formally or informally combine to foster performance within a local entrepreneurial
environment (Mason & Brown, 2014; Autio et al., 2018; Malecki, 2018).

EEs are about the capacity of a territory to create a system of actors and infrastructures
supporting the creation and development of innovative business projects, beyond the simple
construction of a network structure between companies (Nicotra et al., 2018). Based on the
open systems view, entrepreneurial ecosystems have inputs and outputs, also internal elements
with interactions that make diverse configurations. Therefore, as Wurth et al. (2021) point out,
these systems are to some extent dependent or sensitive to external conditions. This means that
we should expect substantial heterogeneity in the inputs required to build a well-functioning
entrepreneurial ecosystem (Wurth et al., 2021). Different internal ecosystem configurations can
thus lead to different outcomes known as productive i.e. that directly or indirectly contribute to
the net output of the economy or the ability to produce additional output and increase overall
well-being (Brown & Mawson, 2019, Nicotra et al., 2018). Ecosystems rich in entrepreneurial
resources (strong) and with a structure that facilitates the flow of these resources (well-



functioning) will see higher rates of innovative and growth-oriented entrepreneurship that
contribute to economic growth and economic resilience (Spigel & Harrison, 2018).

Despite the significant growth of the entrepreneurial ecosystem (EE) literature, it has been
largely typological and atheoretical (Spigel & Harrison, 2018). The rush to employ the
entrepreneurial ecosystem approach has gotten ahead of answering many fundamental
conceptual, theoretical, and empirical questions (F. C. Stam & Spigel, 2016). The result is only
long lists of relevant factors of successful entrepreneurial ecosystems, without clear
explanations of causal relationships (Nicotra et al., 2018; F. C. Stam & Spigel, 2016).
Moreover, local contexts are considered important, but relatively little is known about how and
to what extent the link between entrepreneurship and growth may depend on local contexts
(Content et al., 2020). These approaches do not offer sufficient explanations for economic
outcomes and have not been delineated (F. C. Stam & Spigel, 2016). As a result, the literature
on entrepreneurial ecosystem factors driving productive entrepreneurship is largely based on
researchers' direct experiences without empirically embracing causalities (Nicotra et al., 2018).

Recently, some researchers have attempted to fill the previously mentioned gaps in the
causal explanation of the entrepreneurial ecosystem and productive entrepreneurship. Stam
(2015) provided a new synthesis including a causal schema of how the systemic setting and
conditions of the ecosystem lead to particular entrepreneurial activities outputs and new value
creation outcomes. His model builds on the ideas of the previous literature, but offers greater
causal depth with four ontological layers (setting conditions, systemic conditions, outputs, and
outcomes), including bottom-up and top-down causality, and intra-layer causal relationships.
Nicotra et al. (2018) proposed a framework to measure and test the causal effects of a set of
entrepreneurial ecosystem factors (eco-factors) on productive entrepreneurship (eco-output).
Their study was based on a literature review, and they did not test this framework empirically.
The other significant work on causality in the entrepreneurial ecosystem is by Wurth et al.
(2021). They used the recent literature on this topic and developed causal mechanisms that were
mainly proposed by Stam (2015). In particular, they added the interaction between different
ecosystems and the flow of resources and information between them.

Subsequently, the review of the entrepreneurial ecosystem and some insights from some
renowned authors (see Nicotra et al, 2018; Stam, 2015 and Wurth et al, 2021) reveal that the
current stock of empirical research does not clearly answer the questions below:

- What are the causal relationships between the physical and non-physical elements of
regional entrepreneurial ecosystems? What are the contingencies?

- What is the causal effect of the entrepreneurial ecosystem on productive performance and
other outcomes at the regional level?

- Which configuration of a regional entrepreneurial ecosystem would be more effective
than others? With what probabilities?



- For a certain level of risk of success, what configuration of a regional entrepreneurial
ecosystem would be recommended?

Therefore, the objective of this research proposal is to develop a causal model of regional
entrepreneurial ecosystems and productive entrepreneurship with causal inference capability,
which can provide sophisticated answers to the above four questions. To achieve this goal, the
methodologies proposed here are Bayesian network and Bayesian inference methods and
algorithms, which will be explained in more detail in the methodology section.

2 Methodology

2.1 Research method

The methodology for this research is Bayesian network and Bayesian inference. A
Bayesian network consists of a structure of arcs and nodes known as the qualitative part and a
set of conditional probability distributions known as the quantitative part (Azhdari, 2018). Both
the qualitative and quantitative parts can be generated from the field data or the domain
knowledge of experts, or a combination (Amirkhani et al., 2017; Kudikyala et al., 2018).

Dependencies in a Bayesian network are represented by a Directed Acyclic Graph (DAG)
and "quantified" by a joint probability distribution, which decomposes into a product of local
conditional distributions in equation 1 (Gross et al., 2019):

PO X, - Xa) = | [pCtiIPay) (1)
i=1

where Paxi is the set of parents of Xi. The most important application of a Bayesian
network is probabilistic inference, i.e., estimating the posterior probability P(X|Y) on target
variables X given evidence on other variables Y (Scanagatta et al., 2019).

When the field data are scarce or hard to gather, which is the case here for entrepreneurial
ecosystems of Iran, the knowledge elicitation from domain experts to develop a Bayesian
network is an effective solution. Various methods are used in the literature to elicit domain
knowledge from experts (Bulmer et al., 2022; Kleemann et al., 2017; Diallo et al., 2015; Xiao-
xuan et al., 2007; Nadkarni & Shenoy, 2004). The proposed procedures of Nadkarny and
Shenoy (2004) and Xiao-xuan et al. (2007) are good examples of the knowledge elicitation
methods, consequently applied here. Therefore, the adopted workflow in this study is as
depicted in figure 1.



e Literature review to identify the EEs elements

e Eliciting experts' causal strutures by use of causal relationship questionnaire
e Feedback for structure validation by experts and modification if requried

e Eliciting experts' conditional probabilities

* Development of the directed acyclic graph (DAG)

e Finalizing and validating the Bayesian network of EEs

¢ Development of the Bayesian inference tables

e Analysis of results

Figure 1 The workflow of the research

As illustrated in figure 1, after stage 4, the network may require some changes to eliminate
the causal cycles into a directed acyclic graph (DAG). The network needs to be a DAG for the
application of Bayesian inference algorithms. Accordingly, the entrepreneurship outputs of
various configurations of entrepreneurial ecosystems can be predicted (forward inference).
Also, the required arrangements for entrepreneurial ecosystems of intentional entrepreneurship
outputs could be determined (backward inference). Finally, some configurations can be
developed which can be a benchmark for regional entrepreneurship excellence with the most
probabilities of success.

In the process of the Bayesian network development and Bayesian inferences, some
software might be needed. The software such as TETRAD (Ramsey et al., 2018), and R
packages of bnlearn (Scutari, 2009; Scutari, Scutari, et al., 2019) and bayesm (Rossi et al.,
2019) are include the required algorithms for the aim of this research.

2.2 The validity of the model

However, in many cases such as this study, the Bayesian network is developed with a lack
of field data. Therefore, the proposed validation framework of Pitchforth and Mengerson (2013)
be applied to validate the resultant Bayesian network.

2.2 Data collection

As mentioned in the research method, this research uses expert knowledge to develop the
Bayesian network of Iranian EEs. Iran is one of the significant economies in the middle-east,
which usually was heavily relied on oil exports. Under new conditions, Iran's economy needs
to count more on entrepreneurship to be resilient. As the entrepreneurs are the best ones who



exactly experienced the entrepreneurial ecosystems of their regions, the required data for this
research is the domain knowledge of more than 25 experts who are successful entrepreneurs in
some industrial zones near Tehran, Iran's capital.

The domain knowledge to map the causal relations of the conditions of entrepreneurial
ecosystems can be gathered by a causal relationships questionnaire (Xiao-xuan et al., 2007).
The measurement model developed by Sternberg et al. (2019) is a good source for this
questionnaire development task. This model is based on the earlier framework of Stam (2015)
and consists of the division of framework conditions and systemic conditions (Sternberg et al.,
2019). The framework conditions include the social (informal and formal institutions) and the
physical conditions, enabling or constraining human interaction. The systemic conditions
include networks of entrepreneurs, leadership, finance, talent, knowledge, and support services
(Sternberg et al., 2019).

The success of entrepreneurship that is affected by conditions of an entrepreneurial
ecosystem also needed to be embedded in the above causal relationships questionnaire. The
related variables can be adopted from REDI issued of Global Entrepreneurship Index (GEI),
which has been developed by Acs, Szerb and their team according to the fact that individuals
are always embedded in a given regional context (Ortega-Argilés et al., 2013).

The conditional table of each node requires to be constructed by eliciting experts' opinions.
The conditional probability questionnaires for each node need to be developed for this task.
Some interviews are expected for this job, as this may be obscure for some experts.

The required data for the validation process of the final Bayesian network will be provided
by experts.

3 Results

Previous research on entrepreneurship has largely neglected the local, ecosystem-specific
interaction of factors influencing entrepreneurship due to a focus on analyzing one or a few
isolated influencing factors (Hubner et al., 2021). Elaborating a causal model of regional
entrepreneurial ecosystems and productive entrepreneurship with causal inference capability
can provide sophisticated responses to the four questions above. Although causal mechanisms
in the entrepreneurial ecosystem and their effects on entrepreneurial outputs are vital (Nicotra
et al., 2018; E. Stam, 2015; F. C. Stam & Spigel, 2016; Wurth et al., 2021) the literature on
entrepreneurial ecosystem factors that cause productive entrepreneurship are scarce, also non-
empirical. Besides, answering the causal questions mentioned before are highly critical to
researchers, regional policymakers, and entrepreneurs. Therefore, implementation of this
research proposal at least would bring about contributions below:

It contributes to the theoretical body of knowledge of entrepreneurship, by providing some
significant explanations about causation mechanisms and contingencies in the regional
entrepreneurial ecosystem and productive entrepreneurship realm.



For the first time this work would bring about the inferential knowledge in entrepreneurship
context, providing some potentials for objective risk analysis, which were less likely to imagine
before.

The use of Bayesian networks and Bayesian inference in entrepreneurial ecosystem
research would be a new methodological development in this field and lead to numerous other
research opportunities, providing deeper and wider knowledge about entrepreneurial
ecosystems and related concepts.

This research can fill the gap of knowledge about the dynamics of the regional
entrepreneurial ecosystems of Iran. In addition, this work can be a tool to gather some of the
valuable domain knowledge of regional entrepreneurs and systematically report them.

Finally, this study would be preliminary research for a more comprehensive one: a causal
Bayesian network learning and inference in a wider context with field data, which deepens the
causal knowledge of entrepreneurial ecosystems and their impacts on productive
entrepreneurship.
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