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Abstract

Entrepreneurship is an important feature of the UK rural labour market. However despite its

importance, there is still a limited amount of research in this arena. The aim of this thesis is to

address this gap in literature and contribute towards the research on this topic. Agent-based

modelling is the main methodology that has been employed to study the various factors which

drive entrepreneurship in rural areas in the UK. The thesis develops an occupational choice

model of rural entrepreneurship. The dynamics of this occupational choice model are then ex-

plored by further constructing an agent-based model. Rural businesses are a significant pillar

in the UK economy, however their contribution is often overlooked by policymakers who are un-

able to recognise the existence of economic opportunities available in rural regions. To address

this gap, in the agent-based model framework the thesis further explores the impact of policy

on entrepreneurial outcomes in the rural labour market. Due to their remote rural location,

one of the challenges facing rural entrepreneurs is the lack of networking opportunities. Rural

entrepreneurs often need a multitude of support in order to develop and grow their businesses.

Often networking with other enterprises serves an a valuable intangible resource. Hence the

thesis focusses upon the role of entrepreneurial networking in fostering rural entrepreneurship.

This is explored through various different network structures which are incorporated in the

agent-based models developed in the NetLogo platform. The thesis also highlights the impor-

tance of entrepreneurial ecosystems in a rural context and investigates the impact of embedding

in a social network on the entrepreneurial outcomes. The results highlight the importance of

both formal institutional support and informal network connections for rural entrepreneurs.

The results also identify important drivers such as total factor productivity, wages, costs and

switching costs and their impact on the entrepreneurial outcomes.
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Chapter 1

Introduction

1.1 Introduction

An important feature of the rural labour markets is entrepreneurship and this is particularly

important for the UK rural labour market which boasts a thriving entrepreneurial culture.

Despite the importance of rural entrepreneurship in the UK very less is known about this phe-

nomenon, the drivers of rural entrepreneurship and its impact on the growth and development

of rural areas. Empirical research in the field of rural entrepreneurship is sparse and hence

there is scanty evidence around the function and role of rural entrepreneurs and the drivers

behind the birth, growth and survival of rural enterprises (Meccheri & Pelloni, 2006).

The UK rural labour markets are highly entrepreneurial and this fact is highlighted by analysing

the statistics of rural labour markets. According to the Office for National statistics there were

547,000 businesses registered in rural areas between 2017/18 which in total accounts for 24%

of all registered businesses in England (Department for Environment, Food and Rural Affairs,

2018b). Furthermore the rural labour market statistics suggest that rural businesses employ

about 3.5 million people and there are more registered businesses per head in predominantly

rural areas than predominantly urban areas excluding businesses in London (Department for

Environment, Food and Rural Affairs, 2018b). Another important feature of the rural labour

market in the UK is that most of the rural businesses are small in size. In recent years en-

7
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trepreneurship has become a widely researched field in management and economics literature

however rural entrepreneurship has largely been an under researched area (Pato & Teixeira,

2016). The aim of this thesis is to address this gap in literature and explore the impor-

tant concept of rural entrepreneurship in the UK and decipher the drivers which propel en-

trepreneurship in rural areas. The thesis particularly focusses on the study of the drivers

of rural entrepreneurship, the impact of policy in supporting rural entrepreneurship and the

impact of entrepreneurial ecosystems with a special focus on the role of networking and its

impact on the entrepreneurial outcomes in the rural context.

This chapter is organized as follows. Section 1.2 would discuss the motivation behind studying

the phenomenon of entrepreneurship in the rural labour markets, then section 1.3 would cover

the research questions encountered in this field which this thesis aims to address. The next

section 1.4 would discuss the aims of the thesis and briefly discuss the research studies into

which this thesis is divided. This is followed by section 1.5 which highlights the research gaps in

the literature, further section 1.6 discusses the methodology employed to address the research

questions and lastly section 1.7 will discuss the structure of this thesis.

1.2 Motivation

Entrepreneurship has been considered as an important underlying ingredient for the economic

success and development of a nation since the early works of Marshall (1890) and Schumpeter

(1921). Entrepreneurs act as engines of economic growth in an economy by not only creat-

ing new businesses but also by providing jobs and driving technological innovation (Faggio

and Silva (2014). Entrepreneurship is a particularly important phenomenon for rural areas

which often suffer from both social and economic disadvantages due to the distance and re-

moteness of their location (Townsend et al. (2017). This is particularly true for rural areas

in England which are highly entrepreneurial (Department for Environment, Food and Rural

Affairs (2018b). However despite the importance of rural entrepreneurship, research on this

topic is fairly sparse and a deeper understanding of its drivers and inhibitors would help to

pave this research gap (Stathopoulou, Psaltopoulos, & Skuras, 2004). The importance of rural

entrepreneurship and under research in this area forms the first motivation for undertaking
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research on entrepreneurship in the rural labour market in the UK. This research gap is par-

ticularly chronic for rural areas in England, some of which like the East of England are mainly

dominated by the agricultural sector. This research is a part of the funded research project by

the ESRC Business and Local Government Data Research Centre which is motivated by the

limited knowledge and research about rural entrepreneurship and its importance for the UK.

The second motivation to study entrepreneurship in the rural labour market stems from the fact

that rural areas often face their unique set of challenges. Both existing and new entrepreneurs

face challenges such as poor transportation links, lack of good broadband, establishing contact

with customers, distribution, lack of access to proper infrastructure, finance, advisory services,

difficulty recruiting in skilled staff and lack of networking opportunities (Stathopoulou et al.,

2004). Such challenges act as a barrier to the growth of rural entrepreneurs. Keeping these

challenges in mind, there is a need for policy-makers to develop policies targeted specifically

towards these challenges and which in turn help support the growth of rural entrepreneur-

ship. Researching the impact and process of rural entrepreneurship would help in the design of

policies which enable the use of selective and creative tools which help support entrepreneur-

ship (Stathopoulou et al., 2004). Enhancing the understanding about rural businesses would

help in developing targeted policies which would aim to foster not only the growth of rural

entrepreneurs but would also help in the development of rural areas.

The third motivation to study rural entrepreneurship arises from the networking challenge

which is often faced by rural entrepreneurs. This motivation originates from the literature of

entrepreneurial ecosystems which often identifies networking as an important component of

an entrepreneurial ecosystem. Cohen (2006) identified six key elements of an entrepreneurial

ecosystem which include: formal network, informal network,, government, university, capital

services, talent pool and support services. In this thesis the focus is on the study of the role

of networking and its impact on the growth of entrepreneurship in rural areas.

To understand what challenges and unique opportunities rural businesses face, it is impor-

tant to understand the fundamental characteristics of rural areas. Although rural businesses

contribute significantly to the economy yet they face significant number of challenges which

exist due to being located in rural areas. As per Frontier Economics (2014) in terms of sus-
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taining employment over the recession years, rural regions have been far more resilient than

their urban counterparts. With such important contributions made by rural businesses to the

UK economy , it is imperative to understand the specific characteristics of rural businesses,

challenges specific to rural businesses and the drivers of rural businesses. Given that rural en-

trepreneurs are very valuable to the economy in terms of their contribution to the overall GVA

, it is important to decipher what are the economic drivers which motivate such entrepreneurs,

what is the role of networking in an entrepreneurial ecosystem and how should a policy aim

at providing institutional assistance which fosters entrepreneurship and how it can help rural

entrepreneurs overcome these challenges and grow.

1.3 Research questions

This thesis undertakes an economics approach to study the phenomenon of rural entrepreneur-

ship and aims to answer the research questions by building a model based upon theories of

economics applied to rural entrepreneurship. The three main research questions which the

thesis addresses and aims to answer can be broadly presented as:

1) What are the drivers of rural entrepreneurship? (Chapter 3 and Chapter 4)

2) What is the role and impact of policy in supporting rural entrepreneurship? (Chapter 5)

3) What is the importance of networking for rural entrepreneurs and how networking con-

tributes to rural entrepreneurial growth? (Chapter 6)

These research questions are subsequently addressed in Chapters 3, 4, 5 and 6 respectively. In

the end these chapters are further followed by a discussion and conclusion (Chapter 7). The

thesis aims to answer the research questions by applying the theories of microeconomics to build

a static occupational choice model (Chapter 3), the foundations of this model are then used

to construct an agent-based model (Chapter 4). The agent-based model captures the dynamic

behaviour of the static model overtime. Agent-based models are essentially models where

agents who are heterogeneous and autonomous entities interact with their local environment

(Railsback & Grimm, 2011). Agent-based models are further introduced in section 1.6 and

this is followed by an in-depth literature review in chapter 2.



1.4. AIMS 11

1.4 Aims

The aim of the thesis is to address and answer the research questions. In the thesis advanced

quantitative methods such as agent-based modelling have been used in order to bridge the gap

between studies who tend to focus on either microeconomics or macroeconomics aspects of rural

entrepreneurship. The micro-macro approach in the literature (Kalantaridis & Bika, 2006);

(Korsgaard, Ferguson, & Gaddefors, 2015); (Fløysand & Sjøholt, 2007); (Akgün, Nijkamp,

Baycan, & Brons, 2010); (Hite, 2005); (McKeever, Jack, & Anderson, 2015); (S. L. Jack &

Anderson, 2002) of rural entrepreneurship and entrepreneurship has mainly focussed on the

topic of embeddedness which includes networks, social ties and collaboration. However, there

is a lack of studies which have employed the use of agent-based modelling in entrepreneurship

research (Yang & Chandra, 2013). To answer the research questions, the thesis is split into

study chapters. This section presents a brief overview of the study chapters in this thesis.

1.4.1 Drivers of Rural Entrepreneurship

The first two study chapters (Chapter 3 and 4) aim to identify what are the drivers of rural

entrepreneurship. In order to identify the various driving factors behind the growth of rural

entrepreneurship, an occupational choice model is constructed in Chapter 3 which is based on

the utility maximization model of microeconomics. The model considers land as an important

factor of production and focusses on rural businesses whose output depends upon land produc-

tivity. This is an essential part of the model as its able to highlight and distinguish between

generic models of entrepreneurship and rural entrepreneurship. As per (Department for En-

vironment, Food and Rural Affairs, 2019a), agriculture, forestry and fishing employs around

298,000 people in rural areas in comparison with only 45,000 in urban areas. It is the size of

the agriculture, forestry and fishing sectors between urban and rural economies which acts as

the key differentiator between the two. In England agriculture, forestry and fishing accounts

for about 32% of registered local businesses in sparsely populated rural areas (Scott, 2016).

In Northern Ireland about 25% of registered rural businesses are part of agriculture, forestry

and fishing sectors. Hence for the purpose of this thesis in order to introduce a distinguishing

factor between rural and urban entrepreneurship in the model it is imperative to focus on land
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based rural businesses.

The static occupational choice model includes various drivers which can influence an agents oc-

cupational choice. At a given point in time, the agent can either choose between entrepreneur-

ship or employment depending upon the occupation which maximizes an agents utility. After

deriving the solution of the occupational choice model. The next section builds upon the static

model, and presents the dynamism in variables. It highlights the dynamism of variables in the

model i.e. how these variables changes over time. In order to study the dynamic aspects of

the model, an agent-based model is constructed and results from the model are used to further

highlight the factors which can positively and negatively influence the overall growth of ru-

ral entrepreneurship. Agent-based model enables the study of how individual agent decisions

influence the overall growth of entrepreneurship in the economy. Further complications are

added to agent-based models in terms of variables which can further affect the decisions of

agent. Variables such as switching costs; risk aversion (see appendix) and informal networking

in a partially connected network are further build onto the agent-based models in order to

study their impact on the occupational choice decisions of an agent. This chapter is hence able

to shed light on the important drivers which impact the growth of entrepreneurship in a rural

context and acts as a building block for models used in the consequent chapters.

1.4.2 Policy

In this chapter (Chapter 5) the role of policy in influencing the drivers of rural entrepreneurship

is examined. Policy support can have a great impact on rural entrepreneurship. Policy mea-

sures which support entrepreneurship in rural areas act as a means to promote entrepreneurship

by improving the chances each agent has to become an entrepreneur. As rural entrepreneurs

face their unique set of challenges due to their location, receiving support from the govern-

ment can help them overcome some of these challenges to an extent which in turn promotes

entrepreneurial culture in such regions. To answer the research question of how policy can

have an impact on rural entrepreneurship, in the policy chapter a scenario analysis approach

is applied and various different scenarios are tested in the agent-based model. The outcome of

each scenario is noted and is used to determine the policy prescriptions which would improve
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the chances of entrepreneurship in rural areas.

The chapter begins by taking a comparative statics approach on the static model variables.

Comparative statics acts as a means to study the impact of changes in various endogenous

variables on the utility an agent derives from their occupation. In the next section after

observing the impact of changes on endogenous variables through comparative statics on the

utility an agent derives from their occupation as an entrepreneur. These changes are then

incorporated in the agent-based models and the outcome of the impact on the percentage

growth rate of entrepreneurs is analysed. The advantage of using agent-based models is that

they are a good way of exploring complex systems as they allow the study of non-linear

interactions amongst agents. After the results from the experiments are analysed, the chapter

presents policy implications, recommendations and discussion about what should be the best

course of action for a rural policy which helps in the growth and support of entrepreneurship.

1.4.3 Role of Networks

This chapter examines how networks play an important role in encouraging and supporting

the growth of entrepreneurship in rural areas. One of the greatest challenges which rural en-

trepreneurs often face is a lack of networking opportunities. This is particularly a constraint

for entrepreneurs who are situated in peripheral and sparse rural locations. Such entrepreneurs

neither have the opportunity to network with other entrepreneurs nor have access to advice and

support centres. CAP is the common agricultural policy of EU and it has two pillars. Under

the CAP pillar 2, which is covered under the RDPE (Rural Development Policy for England)

programme in UK, the government has placed measures which are specifically targeted to sup-

port rural businesses. The measures have been implemented in the form of Five Rural growth

networks (RGN) which have been put in place to provide support to rural businesses. Under

these RGN’s growth hubs have been established which provide tailored support to existing

rural businesses, individuals who want to become entrepreneurs and encourage networking

amongst businesses.

Agent-based models are designed in Chapter 6 to incorporate the impact of growth hubs on

rural entrepreneurship. The main aim of the agent-based models is to explore the role of
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growth hubs in providing networking opportunities to agents; examining how networking im-

proves learning and skills of agents and how growth hubs can provide access to formal skills

training to agents. The aim of growth hubs is to provide a support system for entrepreneurs

which ultimately helps them learn and grow and further encourage the entry of new agents

into entrepreneurship. The chapter explores various network structures and also studies the

impact of spatial frictions on the growth of rural entrepreneurship. Unlike chapter 4 where

the agent-based model explored informal connections amongst agents in a partially connected

network setting. In this chapter three type of network structures are observed, the first net-

work structure represents a fully connected informal network structure where agents are just

connected amongst themselves and there is an absence of growth hub. The second network

structure incorporates both informal and formal network connections, however the agents who

are connected to the hub are not connected amongst themselves representing a partial formal

network connection set-up. The third network structure is a fully connected network structure,

comprising of both formal and informal network connections and here the role of a growth hub

in facilitating network connections amongst various agents is examined.

Lastly the chapter looks at the impact of spatial frictions on the overall growth rate in en-

trepreneurship. In the agent-based model which is presented in chapter 6 spatial frictions

represent travel cost which an agent bears in order to connect with the growth hub and these

travel costs can have a significant impact on the agents decision to make a connection with

the hub. This decision can ultimately impact the occupational choice of the agent and have

an overall effect on the growth rate of rural entrepreneurship in the economy.

1.5 Research Gaps

Building upon prior research in the field of entrepreneurship, this thesis further builds on

and aims to make a useful contribution to the literature of entrepreneurship, economics of

entrepreneurship and computational social sciences. Despite the importance of rural areas and

the contribution of rural entrepreneurs to the growth and development of the rural economy, it

still largely remains an under-researched areas. Meccheri and Pelloni (2006) argue that despite

the high degree of interest in rural entrepreneurship there is very little research into how local
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initiatives help in rural development of such areas. As per Pato and Teixeira (2016) among

the entrepreneurship literature which mainly seems to be concentrated in management and

economics literature, rural entrepreneurship has been a very small proportion of it. According

to the authors (Pato & Teixeira, 2016) twenty years of their bibliometric survey between 1996-

2016 suggested that within the entrepreneurship literature less than 30% of the studies are

based on rural entrepreneurship. Further Akgün et al. (2010) also highlight the fact that most

studies based on entrepreneurship and innovation focus on urban areas leaving rural areas

largely neglected. There is also limited research on how socio-spatial context influences the

amount of entrepreneurial activity in a locality (Trettin & Welter, 2011). Stathopoulou et al.

(2004) also emphasize on the fact that research on rural entrepreneurship is fairly sparse and

hence further research into its drivers and impact on the economy will not only bridge this

gap in research but also allow the development of specialist policies which would aid in the

growth rate of rural entrepreneurship and development. The aim of this thesis is to address

this gap in the literature of entrepreneurship and further contribute to the research for rural

entrepreneurship.

Additionally research in rural entrepreneurship has widely been qualitative (Yu & Artz, 2018);

(Pato & Teixeira, 2016) hence leaving a gap in literature of entrepreneurship for the use of quan-

titative methodology for researching rural entrepreneurship. Recently agent-based methodol-

ogy has been gaining momentum in the literature of entrepreneurship (Crawford, Aguinis,

Lichtenstein, Davidsson, & McKelvey, 2015); (McMullen & Dimov, 2013); (McKelvey, 2004);

(Yang & Chandra, 2013), however it is still underutilized in entrepreneurship research (Shim,

Bliemel, & Choi, 2017) hence leaving a methodology void in this area (Yang & Chandra, 2013).

This thesis addresses this gap in methodology by employing agent-based modelling which is

classified as an advanced quantitative method.

1.6 Methodology

This section discusses the methodology which has been employed for the purposes of this thesis

in order to study the phenomenon of entrepreneurship in the rural labour market. It further

discusses the conceptual foundations shared between agent-based modelling and entrepreneur-
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ship which becomes a motivation to adopt ABM as a relevant methodology to study rural

entrepreneurship.

1.6.1 Agent-Based Modelling

Although Chapter 2 does cover a full literature review around agent-based Modelling, it is

worthwhile to briefly introduce the topic here. An ABM is essentially a computational model,

which requires development through code and it depicts the behaviour of agents within an

environment. Agents and the environment are two key elements of an agent-based model.

Agents represent individuals, firms, households, organisms, or any object which is the feature

of subject in the model. Agents are usually assigned behavioural rules, and following these

rules they get involved in a decision making process. They also interact with the environment

and respond to any changes in the environment while making decisions. The environment

represents the space in which the agents exist. It can be thought of as either as a physical space,

a geographical area or even a conceptual and social space. Agents are typically heterogeneous

entities who not only interact with the environment but also interact amongst themselves.

In essence agent-based modelling is essentially a computational method that allows researchers

to create models with agents who are both autonomous and heterogeneous, and analyse and

experiment in order to identify the macroscopic phenomenon which results from agents inter-

action with each other and the environment (Salgado & Gilbert, 2013). One of the advantages

of using agent-based modelling is that it does not make binding assumptions of rational agents

rather it allows agents to be unique in their characteristics and their interaction with their

environments and with one another results in a macroeconomic phenomena being generated.

1.6.2 Motivation: ABM Adoption

The motivation behind choosing agent-based modelling as a methodology to study rural en-

trepreneurship originates from the shared foundations between agent-based modelling and

entrepreneurship. Yang and Chandra (2013) identified five common foundations between en-

trepreneurship and ABM, these five foundations include: autonomy, learning, disequilibrium,

heterogeneity and bounded rationality.
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Autonomy is a central element of entrepreneurship and has been highlighted several times

in its literature (Szumelda, 2019). Autonomy is also an important element of ABM’s as the

agents are able to function fully independently of their environment and are also able to inter-

act with other agents (Gilbert & Troitzsch, 2005). The second common foundation between

entrepreneurship and ABM’s is in terms of heterogeneity. In an agent-based framework agents

are usually heterogeneous in terms of atleast one of their individual characteristics (Railsback

& Grimm, 2011). In reality not all entrepreneurs share similar characteristics, environmental

resources, risk-attitudes, preferences and social networks. This creates heterogeneity amongst

entrepreneurs which can be very well captured in the design of an agent-based model where all

agents are heterogeneous with respect to each other. The next shared conceptual foundation

is the concept of bounded rationality. Bounded rationality implies that when making a deci-

sion, the rationality of agents is restricted by factors such as limited amount of information,

psychological biases and time constraints (Gigerenzer & Selten, 2002). This leads to uncer-

tainty in the process of entrepreneurship. Authors Yang and Chandra (2013) highlight that

this uncertainty is comparable to the uncertainty stated by Knight (1921) in the research field

of entrepreneurship. This uncertainty is similar to the results of an ABM simulation which

are often unpredictable due to different configurations, agent heterogeneity and non-linear

interactions (Lorscheid, Heine, & Meyer, 2011).

Learning is another shared element between entrepreneurship and agent-based models. In an

agent-based models, agents have the ability to adapt their behaviour and learn from situations

(Wilensky & Rand, 2015). This is also true for entrepreneurs who constantly learn and develop

themselves (Aldrich & Yang, 2014). Entrepreneurs also gain knowledge through social capital

and networks (Stathopoulou et al., 2004). Disequilibrium is also a shared foundation between

entrepreneurship and ABM’s. An agent-based model is mostly about capturing the non-linear

dynamics and often results in producing a macroscopic picture from the decentralized micro

interactions between agents (Axelrod, 1997); (Epstein, 2006). In a similar way, authors such

as Schumpeter (1921) describe entrepreneurship as a process which creates disequilibrium in

the market through creative destruction which leads to the formation of high growth firms.

Further many authors such as Crawford et al. (2015); Aldrich and Yang (2014) also view



1.7. THESIS STRUCTURE 18

entrepreneurship in the same light and describe it as a phenomenon emerging from complex

social systems.

A review of all of these shared concepts between entrepreneurship and agent-based modelling

suggest that it is a highly suitable methodology to research the topic of rural entrepreneurship

and hence forms a motivation in the adoption of agent-based modelling for this research.

1.7 Thesis Structure

This thesis is divided into seven chapters. The first chapter is the introduction which introduces

the motivation, methodology and aims of the thesis. The second chapter presents a thorough

review of literature and further highlights the gap in literature which the thesis aims to address,

it also covers literature around the methodology used. Chapter 3 is the first study chapter

which looks into the drivers of rural entrepreneurship in the UK by developing an occupational

choice model. Chapter 4 then builds on the agent-based model which is extended further in

the subsequent chapters. This is followed by chapter 5 which discusses the role of policy in

supporting rural entrepreneurship. In this chapter agent-based modelling is used to construct

various scenarios and policy experiments. The results from these experiments are then used

to identify policy prescriptions which would help support rural entrepreneurship in the UK.

Chapter 6 focuses on networks and covers the role of networking for rural entrepreneurs. It

extends the agent-based model to include various different network structures and studies the

impact of these network structures and spatial frictions on the entrepreneurial outcomes in

a rural context. Chapter 7 is the discussion and conclusion chapter, it highlights the main

contribution of the thesis and further discusses the results and analysis done in the thesis. It

further compares the results with other studies and suggests the scope of future research in

the field and finally this chapter presents a summary of the thesis and concludes the research

findings.



Chapter 2

Literature Review

2.1 Introduction

This chapter will present a review of the literature on rural entrepreneurship, rural labour

market conditions in the UK, occupational choice theory and agent-based modelling. The

chapter begins by briefly reviewing literature on some definitions of entrepreneurship and

rural entrepreneurship in section 2.2. This is then followed by section 2.3 which reviews rural

labour market conditions in the UK. The chapter then proceeds with literature addressing

the challenges faced by rural entrepreneurs in section 2.4 which is followed by section 2.5

which introduces the economics of entrepreneurship approach. Further section 2.6 presents a

literature review of the various occupational choice models. This is then followed by a literature

review (section 2.7) on entrepreneurial ecosystems. The next section 2.8 examines the role of

networking and social capital literature followed by section 2.9 which reviews literature around

the role of policy in supporting rural entrepreneurship and lastly section 2.10 reviews literature

around agent-based modelling.

19
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2.2 Defining: Rural Entrepreneurship

2.2.1 What is Rurality?

To review the literature on rural entrepreneurship it is first important to understand and

clarify the meaning of “rurality” which would help position rural entrepreneurship topic in the

general domain of entrepreneurship literature. Rurality is a concept which has been widely

defined by various authors studying rural entrepreneurship. In the rural entrepreneurship

literature traditionally various criteria such as location, demographics, social and economic

context have been used to define rurality. As per Skuras (1998) in the literature of rural

entrepreneurship a number of authors have defined rurality in terms of local economic structure

and landscape, population density, settlement size and rate of population growth. Further

authors Stathopoulou et al. (2004) also highlight that rural context can be divided into three

main components of geography, social and economic context, the authors suggest that these

components interact with various processes of entrepreneurship and have an overall impact

on the entrepreneurial process. Additionally (Lang, Fink, & Kibler, 2014) also highlight the

importance of rural context in shaping up rural enterprises.

Location is one of the important characteristic which defines rural areas. Location of rural ar-

eas and their remoteness affects businesses in various ways. As per Stathopoulou et al. (2004)

location represents the distance from major markets, accessibility to information sources, sup-

pliers and customers. The authors argue that distance of a rural area from urban locations

can have a significant impact on both their cost of raw materials and output. Addition-

ally Stathopoulou et al. (2004) stress that increase in transaction costs further restricts rural

businesses from achieving economies of scale and it limits technology and labour movements.

Several authors such as Goetz (2006); Acs and Armington (2006) and Henderson et al. (2007)

have all used the location characteristic to study the phenomenon of entrepreneurship in rural

areas. Business innovation is particularly influenced by a regions remoteness which in turn

affects rural business growth and creation of employment opportunities (North & Smallbone,

2000). Other researchers such as Phelps et al. (2001) and Keeble and Tyler (1995) argue that

there is a complementary relationship between accessible rural areas and technological exter-
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nalities which positively contribute to the development of rural businesses. Some rural firms

have a better location in rural areas than others but share all rural characteristics as they are

embedded in the local economy (Labrianidis, 2006).

Other approaches to define rurality such as the socio cultural approaches often focus upon

rural attitudes, beliefs and lifestyle (Keating & Phillips, 2008). The demographic criterion has

also been used to describe rurality, and classify rural regions according to population density

by (Copus et al., 2008). In the UK, Rural Urban Classification is used to distinguish between

rural and urban areas. It is an official statistic and it uses the demographic criterion to define

areas as rural. As per the classification rural areas are classified as areas which lie outside

settlements with a population of more than 10,000 residents (Department for Environment,

Food and Rural Affairs, 2011). For the purposes of this thesis the Rural Urban classification

has been used to define rural regions in the UK.

2.2.2 Entrepreneurship and Rural Entrepreneurship

Entrepreneurship is a multifaceted phenomena and has various definitions and meanings ac-

cording to several authors 1. As per (Zacharakis, Bygrave, & Shepherd, 2000) GEM (Global

Entrepreneurship Monitor) defines entrepreneurship as “Any attempt at new business or new

venture creation, such as self-employment, a new business organization, or the expansion of

an existing business, by an individual, a team of individuals, or an established business”. Ac-

cording to this definition by GEM any new business activity is categorized as entrepreneurial.

There are many theories of entrepreneurship which are based on different aspects and can be

categorized as theories of risk and uncertainty, co-ordination of factors of production, innova-

tion and creative destruction, leadership and motivation and personal or psychological traits

(S. C. Parker, 2009). Many authors such as Macko and Tyszka (2009); Cramer et al. (2002);

Clemens and Heinemann (2006); Cressy (2000); Rampini (2004) have based their description

1It was (Schumpeter, 1921) who contributed significantly to the field of entrepreneurship. He defined en-
trepreneur as a person who innovates and uses different combinations of resources to form high growth firms.
Various authors have associated the meaning of entrepreneurship with risk-taking (Knight, 1921);(Clemens &
Heinemann, 2006); (Macko & Tyszka, 2009) ; (Cramer, Hartog, Jonker, & Van Praag, 2002), growth (Solow,
1956) and creating and managing small businesses. Also authors like (Casson, 1982) describe entrepreneur as
a person who specialises in taking judgemental decisions about coordinating scarce resources. (Venkataraman,
1997) define the field of entrepreneurship “as the scholarly examination of how, by whom, and with what effects
opportunities to create future goods and services are discovered, evaluated, and exploited.”
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of entrepreneurship around these theories .

In the last decade there has been a growing academic interest on the study of rural entrepreneur-

ship (McElwee & Smith, 2014). Recently there have been a few studies which have focussed on

rural entrepreneurship (Gaddefors and Anderson (2019); Korsgaard et al. (2015); Fortunato

(2014); Smith and McElwee (2013). One of the first authors to study rural entrepreneurship

was Wortman Jr (1990) who defined rural entrepreneurship as “creation of a new organisation

that introduces a new product, serves or creates a new market, or utilises a new technology

in a rural environment”. An effective definition of a rural enterprise incorporates businesses

that employ local people, generate income for the rural environment and also provide services

locally (McElwee & Atherton, 2011); (McElwee & Smith, 2014). As per Stathopoulou et al.

(2004) rural entrepreneurship essentially has the same meaning as entrepreneurship with the

only difference being that it is set-up in a rural environment. Pato and Teixeira (2016) further

define a rural entrepreneur as someone who lives in a rural area, is community based and

is greatly influenced by social networking. However this definition excludes businesses which

operate in rural areas but trade outside of rural areas (McElwee & Atherton, 2011).

Rural areas have the same basic entrepreneurial process as their urban counterparts but rural

areas have different constraints and their unique diverse set of characteristics which modify the

entrepreneurial process and alter the entrepreneurial outcome (Stathopoulou et al., 2004). This

argument is also supported by other authors such as Finke and Bosworth (2016) who consider

that location alone cannot categorise a business as rural, there are additional characteristics like

its interaction and connections with the local area that influence business performance and also

help in shaping rural areas. Rural entrepreneurial process can also vary according to industry

and geography (Henderson, 2002). Certain industries can provide more opportunities of growth

than others, hence the potential for growth of new entrepreneurs depends exceedingly on the

natural and economic resources available in the region. Factors such as location, presence

of natural resources and landscape of rural areas significantly influences their interaction with

urban areas and balance between migration and modernization which all significantly influence

sustainable rural development (Ruoss & Thompson, 1999).
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2.3 Rural labour markets in the UK

This section highlights the state of rural areas and the rural labour market in the UK. The

literature presented here looks at the demographic conditions, the degree of entrepreneurship,

analysis of SME’s situated in rural areas and the occupational opportunities available in such

areas. The literature looks at various reports on the rural labour market which are presented

by DEFRA (Department for Rural Affairs); statistics by Office for National statistics; Longi-

tudinal small business survey by Department for Business Innovation and skills and NOMIS

(official labour market statistics by ONS) data to analyse the conditions in the rural labour

market in the UK. These reports highlight the state of labour markets all over the UK. However

for ABM model validation (Chapter 4) the data for the East of England region has been used,

as this region captures a complete picture of the rural labour markets being modelled as its

economic structure is dominated by the agriculture sector. Further data from County Durham,

Cumbria County, Warwick County, Wiltshire, Devon County and Somerset County has been

used for further model validation in Chapter 6. Essentially capturing a large proportion of

rural counties in England.

According to the statistical digest of rural England by (Department for Environment, Food

and Rural Affairs, 2019a), in 2017 there were about 9.5 million people living in rural England,

this represents about 17% of the total population of the UK. Out of this around 495,700 people

were living in sparse rural locations. Furthermore there was a higher proportion of older people

residing in rural areas in comparison with urban areas. There has been a steady trend in the

population growth of rural areas and population has grown by about 3.5% between 2011-2017.

The increasing population trend is an indicator of a growing market of consumers in rural

locations which can act as a positive factor in contributing to the growth of rural businesses.

The growing population trend was further fuelled by a net inward internal migration of 70,500

towards the predominantly rural areas between 2015-16 (Department for Environment, Food

and Rural Affairs, 2019a).

In 2017, 79% of the working age population was employed in the rural areas (Department

for Environment, Food and Rural Affairs, 2018). The unemployment rate was around 2.7%
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in 2017, however this rose to 4.1% between June to August 2018. Agriculture, forestry and

fishing employs around 303,000 people in rural areas in comparison with only 46,000 in urban

areas and this is the only sector which has a greater number of employees in rural areas

as compared to urban areas (Department for Environment, Food and Rural Affairs, 2018).

Sectors such as information and communication, scientific and technical services have shown a

high growth level between 2011-12 and 2016-17. However sectors such as administration and

support services the number of local units have fallen by 7% between 2016-17 and 2017-18 in

rural areas (Department for Environment, Food and Rural Affairs, 2018).

Rural areas have huge potential and can significantly contribute to the GDP of the economy.

The Rural labour market in England is further characterized by a high degree of entrepreneur-

ship. According to the rural labour market statistics, in 2016-17, 24% of all businesses reg-

istered in UK were rural. These businesses employ about 3.5 million people and in 2017,

predominantly rural areas contributed £246 billion GVA , which is around 15.8% of England’s

total GVA, hence further highlighting the importance of the rural business sector. During

the last decades, there has been a significant growth in the number of business start-ups in

predominantly rural areas in comparison with predominantly urban areas.

Further analysis of the small and medium enterprises from the Longitudinal Small Business

Survey by the (Department for Business Innovation and Skills, 2018) , reveals that 73% of

SME’s in rural areas have no employees. The survey also highlights that annual turnover of a

rural enterprise is likely to be around £82,000 higher than an urban enterprise. Additionally

the analysis is also suggestive of the fact that rural enterprises are more likely to have higher

profitability due to crucial factors of the rural labour market such as lower wage levels, less

competition, lower rents and a larger number of businesses which are more likely to be home

based. However the average turnover per person employed in registered rural SME’s is around

£108,000 which is much lower than registered SME’s in urban areas £178,000. This number is

even lower for SME’s located in sparse rural locations where the average turnover per person

employed is just £78,000.

Besides the small size of local markets, rural labour markets are often accompanied by less

occupational opportunities which impose constraints on small sized firms (Smallbone, 2009).
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Smallbone et al. (2003) found that in Devon and Cornwall UK, access to skilled labour was one

of the major constraints which was faced by small firms in these areas. A major characteristic

of rural labour markets is low educational attainment and lack of other skills which is a major

impediment to the development of enterprises in rural areas (Freshwater, 2000). In addition

rural areas also lack high level jobs in sectors such as business and finance (De Hoyos & Green,

2011) and have limited employment opportunities (Lindsay, McCracken, & McQuaid, 2003).

The east of England region of UK which is characterised by a significantly large rural land-

scape and represents the typical rural labour market conditions. Although the region has

a good reputation for R&D yet the rates of business start-ups and productivity in the re-

gion are relatively low when compared with average UK rates (East of England Development

Agency, 2004),(Office-For-National-Statistics, 2019) and the overall total factor productivity

of in the farm-based industry for the UK has fallen by 2.1% between the years 2017 and

2018 (Department for Environment, Food and Rural Affairs, 2018a). To foster the growth in

entrepreneurship the region needs to develop business support services, encourage growth of

competitiveness and productivity. In east of England UK, not only small but larger businesses

as well find it increasingly difficult to recruit qualified managers. This problem is particularly

more pronounced in more labour intensive production sectors where larger teams of staff need

to be managed. To overcome this situation larger farming businesses have created in house

management schemes but they still find it difficult to find suitably qualified candidates from

the UK (EERF, 2009). The rural entrepreneurship model and analysis presented in this thesis

will take into account all the rural labour markets characteristics discussed and explore the

drivers of rural entrepreneurship in the UK.

2.4 Challenges

Rurality brings about its unique set of challenges and entrepreneurs in rural areas adapt

to these challenges in order to run successful businesses. These challenges are mainly due

to accessibility issues, small and low population densities in rural areas, lack of advice and

business services, access to information and finance, lack of transport, infrastructure issues such

as patchy internet facilities which if tackled with through the right policies will enable small
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businesses and entrepreneurs to develop in rural areas (Stathopoulou et al., 2004). In this era of

globalization where economies are largely dependent upon communication and global markets,

the remote location of rural areas and their distance from support networks with limited

local demand acts as a major barrier faced by rural entrepreneurs (Dabson, 2001). These

challenges are usually an impediment to the growth of small businesses in rural areas. Despite

all these challenges growth in rural economy is linked to entrepreneurs being able to adopt

new technologies, identify new opportunities that create jobs and generate income for rural

areas (Henderson, 2002). According to Van Der Ploeg and Renting (2000) to overcome present

challenges and achieve economic success, rural areas must focus on further diversification,

development of clusters and adoption of new technologies.

Business innovation and rural business growth and ultimately employment creation highly

depends upon the remoteness of a rural location (North & Smallbone, 2000). Remote rural

areas often suffer from a limited travel infrastructure which adds to their transportation costs

and prevents them to acquire a new client base at lower costs (Townsend et al., 2017). Often

rural individuals are remote from work places, leisure and education centres which results in

not only physical but also social isolation. This is further complicated by limited transport

infrastructure and the distance from urban areas (Velaga, Beecroft, Nelson, Corsar, & Edwards,

2012); (Hodge, Dunn, Monk, & Fitzgerald, 2002). Usually most rural areas either have no or

limited connection with public transportation making them dependent upon the use of road

vehicles (Gray, Farrington, Shaw, Martin, & Roberts, 2001). Limited availability of public

transport facilities has a significant impact on older, disabled and mobility impaired people

and children who have limited access to private transportation (Kenyon, Lyons, & Rafferty,

2002).

Small businesses in remote rural locations particularly face transportation problems as dis-

tances to national markets are considerable. Keeble and Tyler (1995) also argue that more

accessible rural areas which are close to urban areas offer an environment which is highly con-

ducive to entrepreneurship. Such accessible areas are characterized by economic, institutional

and physical characteristics which enable the growth of entrepreneurship in such areas. Higher

transportation costs in turn hinder rural businesses from achieving economies of scale and hence
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lower their profitability in the long run (Skuras, 1998); (Botterill et al., 2000). In recent years

in order to improve transportation in rural areas the UK Government has announced a further

£15bn investments in road infrastructure (DfT, Road Investment Strategy, December 2014).

This investment is aimed at promoting rural connectivity, it will enable rural businesses to

reduce their transportation costs and connect to national markets with ease. Planned schemes

include upgrading A303 connecting the south west and A1 to the north which will improve the

connectivity of a large number of areas in this region.

Rural areas face high degree of challenges in comparison with other areas (Brown & Schafft,

2011). Apart from these challenges networking with other entrepreneurs is also a challenge

faced by entrepreneurs located in peripheral rural locations. Entrepreneurial networking usu-

ally involves creation and formation of network ties with other agents including the behaviours

and strategies which create unique networking styles (Porter and Woo (2015); Bensaou et al.

(2013); Vissa (2012). Hoang and Antoncic (2003) argue that entrepreneurs are highly reliant

on networks which provide them with business information, advice and solutions for solving

problems. Klyver et al. (2007) further suggest that social networks equip entrepreneurs with

a variety of resources such as information, access to finance, access to skills, knowledge and

advice. Networking can help entrepreneurs compensate for the other challenges and improve

their business productivity and profitability. However entrepreneurs situated in remote rural

locations often face a shortage of institutional assistance which can provide them with network-

ing opportunities and help them achieve economies of scale in their business (Stathopoulou et

al., 2004).

The importance of social networks for rural entrepreneurs is further recognised by Freire-

Gibb and Nielsen (2013), the authors highlight the importance of social networks for rural

entrepreneurs and suggest that social networks are key for increasing the chance of survival

particularly in rural areas. Further Bauernschuster et al. (2010) also emphasize the importance

of social capital and networking for rural entrepreneurs. The authors highlight that higher

density in urban areas makes social networks less important as compared with rural areas.

In addition networking in a rural environment also compensates for the lack of institutional

environment supportive of entrepreneurship in rural areas (Glaeser, Rosenthal, & Strange,
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2010).

Unlike the urban areas, the availability of business premises is another issue which acts as

a constraint for rural enterprise. There aren’t many large business spaces available within a

short distance of the current location of the business (Keeble, Tyler, Broom, & Lewis, 1992).

This problem is further exacerbated by planning issues in rural areas which are put in place

to protect the environment. Low levels of entrepreneurial activity in certain rural regions

further depresses the demand for business premises, this in turn mean lower returns for private

developers (Smallbone, 2009). Less new development or no development in remote rural areas

further complicates the business premises availability problem.

As per to Townsend et al. (2013) information communication technologies and presence of

broadband can help rural areas stay connected with people, places and other business and

services which is usually a challenge for rural areas due to their remote location. As per (The

Office of Communications, 2018) lack of a proper broadband service is far more common in

rural areas. Around 12% of the rural areas in the UK do not have a broadband connection

as compared with 1% of urban areas (The Office of Communications, 2018). Internet facilities

are very patchy in rural areas, and this further discourages small businesses to have more

flexible working patterns. Increased connectivity is necessary for providing flexible working

conditions, for further growth in knowledge based industries and increase transfer of innovation

(Department for Environment, Food and Rural Affairs, 2014).

As per (Department for Environment, Food and Rural Affairs, 2014), 16.7% of workers in

England’s rural areas work from home compared to 7.5% in urban areas. This trend will

further continue and with expansion of internet facilities to rural areas, the ease of flexible

working can be expected to expand employment opportunities, reduce the commuting time and

improve productivity (SQW, May 2013). Increasing connectivity of urban to rural areas further

improves transfer of innovation which is a critical engine of business growth and productivity

(BIS Economics Paper No. 15, 2011). According to (Department for Environment, Food and

Rural Affairs, 2014) the Government is investing £780m to achieve 95% superfast broadband

coverage by 2017 and approximately £13.1m under the Rural Community Broadband Fund to

reach less accessible areas.
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Low population densities further present challenges for rural entrepreneurs as they often are

associated with low local demand, this in turn hinders rural entrepreneurs from achieving

economies of scale and realising higher profits in their business (Dabson, 2001). Goetz (2006)

argues that usually higher population densities in urban areas contribute to higher productiv-

ity which ultimately leads to higher earnings for businesses in urban areas in comparison to

business earnings in rural areas. Another challenge which rural entrepreneurs often face is the

sector specific risk as often local rural economies have limited dominant sectors of operation

such as agriculture as compared with their urban counterparts (Dabson (2001); Dabson et al.

(2003).

2.5 Economics of Entrepreneurship

Entrepreneurship is typically associated with bringing about growth in an economy, generating

positive externalities by creating jobs, wealth and drawing investments in an economy. Several

authors have studied the role of entrepreneurship in an economy however majority of the work

done in this field is in the business/ management studies (S. C. Parker, 2009). Economics of

entrepreneurship has been growing rapidly and there has been an expansion of literature in

this area. Part of the divide in entrepreneurship approaches between economists and business

studies is the definition of entrepreneurship. According to S. C. Parker (2009) economics of

entrepreneurship approach entails what economic incentives drive entrepreneurship and how

entrepreneurship in turn affects the economy as a whole. There has been a growing literature

in economics on entrepreneurship. Authors such as S. C. Parker (2005) have explored what

economics can add to our understanding about entrepreneurship. According to S. C. Parker

(2005) economics models of entrepreneurship are usually but not always quantitative and are

based on optimising behaviour under uncertainty. They usually entail econometric analysis of

large data sets and the majority of models in the economics literature have been occupational

choice models.

There are many themes which have been followed around the development of occupational

choice models. Authors like Rampini (2004) have developed a model where there is association

of risk with entrepreneurial activity implying that entrepreneurship is procyclical and this
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results in increase of intertemporal propagation of productivity shocks. Hence agents who

are risk averse become entrepreneurs when productivity is high. Further author S. C. Parker

(1996) developed a time series model of self employment under uncertainty. The results from

the model suggested that both risk and expected returns are likely to affect choice of self

employment for individuals in the long run.

Another theme used in the development of occupational choice models is around the financial

constraints faced by entrepreneurs when starting a business. Buera (2009) built a dynamic

model of entrepreneurship and found a non-monotonic relationship between wealth and becom-

ing an entrepreneur. Buera (2009) also found that the probability of entering entrepreneurship

is increasing at low levels of wealth and decreasing at higher levels of wealth. Further Wang et

al. (2012) built an incomplete markets q-theoretic model to study the dynamics of entrepreneur-

ship. The authors developed an intertemporal model of entrepreneurship to study the decisions

of individual households for entering into entrepreneurship. Their results suggested that often

wealth accumulation is a significant factor for entry into entrepreneurship.

Several other themes for occupational choice models of entrepreneurship have been based upon

credit rationing, risk and government policy intervention in credit markets to promote and

support entrepreneurship. Stiglitz and Weiss (1981) built a model to explain the concept of

credit rationing in an environment with imperfect information. In their model, they assumed

heterogeneity in terms of risk associated with different business projects/entrepreneurs. As per

the results of their model only entrepreneurs are better informed about their businesses risk

and banks are not very well informed about the risks. Hence due to asymmetric information

about risks, banks cannot detect the exact amount of risk associated with a project at the

time of the loan offer. Thus this gives banks an incentive to offer borrowers lower interest

rates than than the market clearing rates and hence ration loan applicants. By developing

the theoretical framework of (Evans & Jovanovic, 1989) and testing it with a panel data from

German households authors (Schäfer, Talavera, & Weir, 2011) investigated the link between the

probability of becoming an entrepreneur and the exogenous release from financial constraints.

Their results indicated that the existence of financial constraints makes individuals more likely

to choose entrepreneurship after receiving a windfall gain.
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Utility maximizing response has been another theme around developing occupational choice

models. Douglas and Shepherd (2000) have modelled entrepreneurship as a utility maximizing

response for an individual. In their occupational choice model, they assumed that an individ-

ual’s utility from any occupation is dependent upon factors like income, working conditions

such as decision-making control, risk exposure, work effort required, and other working con-

ditions. Individuals would exhibit a preference or aversion towards the factors on which their

utility depends. Hence the total utility which an individual would obtain from an occupation

will depend upon their degree of preference or aversion of the given factors. They would chose

an occupation which will maximize their total utility. Hence they would choose to become en-

trepreneurs if entrepreneurship will maximize their total utility in comparison with a different

occupation. Another dynamic utility maximizing model of occupation choice is developed by

(Levesque, Shepherd, & Douglas, 2002) where they account for differences in peoples attitudes

towards a job initially and how these attitudes change as they mature.

Another area where economics literature of entrepreneurship extends is in examining the role of

government institutions in promoting and further supporting entrepreneurship. Torrini (2005)

examined the role of institutional variables in accounting for the differences in self employment

rates across OECD countries. They developed a model to study the impact of taxation and tax

evasion opportunities. The model finds a positive impact of tax evasion on self employment

rates whereas taxation had an ambiguous impact on self employment, its sometimes seen to

promote self employment whereas sometimes reduce self employment rate depending upon the

country attitude towards tax evasion.

2.6 Occupational Choice Models of Entrepreneurship

As the rural entrepreneurship model presented in this thesis is an occupational choice model,

hence it is imperative to conduct a review of the literature on occupational choice models. This

section reviews and discusses the literature around a variety of occupational choice models. The

models have been categorised into various subsections based upon their type. Subsection 2.6.1

examines models which look at the role of wealth in driving an individuals occupational choice

decision. Subsection 2.6.2 examines occupational choice models whose emphasis is on the role of
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policy in determining the occupational choice decision of an individual. Subsection 2.6.3 further

examines occupational choice models which are based around heterogeneous abilities amongst

individuals and its impact on the occupational choices of agents. The next subsection (2.6.4)

presents occupational choice models which are based around the theory of utility maximization.

And lastly subsection 2.6.5 examines the occupational choice model under uncertainty.

2.6.1 Role of wealth

Most of the occupational choice models studied by authors have focused on the role of wealth

distribution as a factor for an individual to become an entrepreneur. These models have been

based around borrowing constraints or financial market frictions which affects an agents choice

of becoming an entrepreneur. In their occupational choice models authors such as (Banerjee &

Newman, 1993); (Blanchflower & Oswald, 1998) have focused upon the interactions between

agents occupational choices and the distribution of wealth. In the Blanchflower and Oswald

(1998) occupational choice model of entrepreneurship, liquidity constraints affect an individ-

uals decision to choose entrepreneurship. The authors suggest that there is a strong positive

correlation between an individual becoming an entrepreneur and receiving inheritance/gift.

They argue that this is because of capital market imperfections which leads to agents who

are poor settle for wage work and agents who acquire inheritance to become entrepreneurs.

According to Blanchflower and Oswald (1998) in order to start a business individuals often find

themselves capital constrained. Hence the probability of becoming a potential entrepreneur de-

pends positively on wealth inheritance or obtaining finance from the capital markets. Capital

markets provide too little capital to entrepreneurs because of moral hazard and adverse selec-

tion problems. The role of wealth is further highlighted by Banerjee and Newman (1993) who

find that the “pattern of occupational choice is determined by initial distribution of wealth”.

Another occupational choice model highlighting the importance of wealth is by Buera (2009).

Buera (2009) consider the role of an agents savings and their decision to become an entrepreneur

in a multi-period model with borrowing constraints. The dynamic occupational choice model

indicates a non-monotonic relationship between wealth and the probability of entrepreneurship.

Their results suggest that the probability of becoming an entrepreneur is increasing for low
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levels of wealth and decreasing for higher levels of wealth. Other predictions of the model

suggest that individuals with a higher saving rate are more likely to become entrepreneurs

as compared to individuals who remain employees. And the consumption growth rate of

new entrepreneurs is much higher than employees and existing entrepreneurs. Furthermore

Ghatak and Jiang (2002) also build a tractable occupational choice model in the presence

of credit market imperfections. In their model both wealth equality and returns to each

occupation are endogenized. They examine the impact of changes in parameters associated

with technology and transaction costs to determine long-term wealth and per capita income

of the economy. Their results suggest the greater is the difference in the level of productivities

between subsistence and new technologies the higher is the chance of achieving multiple levels

of steady state. Secondly they find that the greater is the amount of population who are poor

initially, the lower would be the level of steady-state income.

2.6.2 Role of Policy

There are several authors who have constructed occupational choice models which incorporate

the role of policy in determining an individuals occupational choice. RecentlyMorimoto (2018)

have developed an overlapping generations model with entrepreneurial innovation and occupa-

tional choice. In their occupational choice model the agents can choose between employment

and entrepreneurship. The authors study the impact of R&D subsidies on the growth of en-

trepreneurship. They focus on how R&D subsidy can influence an agents occupational choice.

Their model predicts that a policy aimed at promoting innovation can have both a negative

and positive impact on economic growth. This is due to the fact that R&D subsidy promotes

R&D activities but reduces the number of entrepreneurs in the economy due to increased

labour demand which ultimately increases wages of workers which makes entrepreneurship a

less desirable occupational choice.

Further Bianchi and Bobba (2012) study the impact of a welfare program in rural Mexico to

show that cash transfers can have a significantly positive impact on the growth of entrepreneur-

ship. They develop an occupational choice model with financial constraints and explore the

impact of financial constraints on the agents entry into entrepreneurship. They further de-
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velop a simple model to show the differences in impact of liquidity and insurance constraints

depends on the timing of expected cash transfers. Their model results suggest that probability

of choosing entrepreneurship increases by 20% when household expect cash transfers in the

future. This suggests that timing of these transfers has a significant impact on the growth in

entrepreneurship which reflects that insurance constraints are key determinants on the choice

of becoming entrepreneurs. Their results indicate that risky prospects pose a major barrier for

entry into entrepreneurship rather than financial barriers.

2.6.3 Heterogeneous Ability

Heterogeneous ability is another aspect which has been captured a few times by authors in

developing occupational choice models. Modrego et al. (2017) develop an occupational choice

model with heterogeneous managerial ability in a spatial Dixit-Stiglitz setting which links

location, wages and rates of regional entrepreneurship . This occupational choice model is

based on the NEG-based framework. Under this framework the trade-offs which are governed

by market potential are made explicit in the occupational choice decision of entrepreneurship

versus employment. Their results suggest that market potential has a partially positive impact

on the rates of entrepreneurship as there are more opportunities for businesses to increase their

profit. And wages have a partial negative effect on the supply of entrepreneurs as it increases

the opportunity cost of entrepreneurship. In long run equilibrium they find that difference in

the rates of entrepreneurship across regions is down to the firms average fixed cost.

Another occupational choice model incorporating the heterogeneous ability amongst agents

has been developed by Poschke (2013). Poschke (2013) explores the questions about why some

individuals become entrepreneurs, the reason behind heterogeneity in firms and why some

firms fail early. To address these questions Poschke (2013) develops an occupational choice

model between entrepreneurship and employment where individuals are heterogeneous in their

abilities as employees and entrepreneurs differ in their productivity. The results from the model

show a U-shaped relationship between probability of entrepreneurship and an agents ability.

This implies that individuals with high and low ability are more likely to become entrepreneurs

as compared to individuals with average ability. This is because low ability agents face low
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wages in the market and hence they have low opportunity cost of starting a business whereas

high ability agents have benefits of starting a business. The medium ability agents fall in

between and as a result there is no incentive for them to choose entrepreneurship.

Further Inci (2013) develop a tractable occupational choice model where agents have hetero-

geneous entrepreneurial ability and wealth. The agents can choose between employment and

entrepreneurship. The model focusses on the role of wealth distribution for agent selection

into entrepreneurship. The model endogenizes both wage rate and risk free interest rates.

As individuals choose between wage employment and entrepreneurship wealth classes form

endogenously. They explore the impact of tax on entrepreneurs, and find that the impact is

dependent on the shape of wealth distribution. Taxing entrepreneurs to subsidize workers can

sometimes produce higher quality entrepreneurs.

In their occupational choice models Antunes et al. (2008) also talk about heterogeneous agent

type where occupational choice is determined by managerial ability and capital bequest. They

are able to prove the existence of steady state equilibrium for dynamic general equilibrium

models which incorporate agent heterogeneity, which leads to endogenous occupation choice

and frictions in the loan market. Van Praag and Cramer (2001) also develop an occupational

choice model to explain the concept of entrepreneurship and study the labour demand for

entrepreneurs. In their model the rewards from entrepreneurship are dependent upon an

agents ability and their risk attitude and agents choose an occupation which maximizes their

rewards. All agents are heterogeneous in terms of their abilities and risk attitudes. The results

from the models suggest that the agents choose entrepreneurship if income from becoming an

entrepreneur is higher than wages from employment. Empirical results from the model further

suggest that risk taking and ability are both strong determinants of successful entrepreneurship.

2.6.4 Utility Maximization

A popular theme in the occupational choice model literature has been to employ the utility

maximization model of microeconomics. In their occupational choice model Douglas and Shep-

herd (2000), study about an agents occupational choice decision. They base their model on

the utility maximization model where an agent chooses to be an entrepreneur or an employee
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or a combination of both depending upon which career path provides maximal utility. Utility

of an individual from any occupation is based upon their income, working conditions, risk

exposure, work effort required and other working conditions associated with that occupation.

According to (Douglas & Shepherd, 2000), an individual surveys from a set of different jobs

and chooses to become an entrepreneur if expected utility from top ranking self employment

options is greater than expected utility from top ranking employment options.

Further Lucas Jr (1978) and Kihlstrom and Laffont (1979) have also focussed on the profit

maximization concept. Lucas Jr (1978) developed an occupational choice model with a closed

economy with fixed labour and capital supply using the utility maximization concept. Lucas Jr

(1978) introduced heterogeneity in terms of managerial ability in entrepreneurship. As it is

assumed that higher managerial ability translates into higher output hence individuals with

greater managerial ability become entrepreneurs and the rest become employees. Kihlstrom

and Laffont (1979) model was based around the works of Knight (1921). They develop a general

equilibrium model where an individual can choose between being an employee or entrepreneur

based on their level of risk aversion. Rampini (2004) also base their model on risk aversion.

Rampini (2004) state that ”risk associated with entrepreneurial activity which is pro-cyclical

and results in amplification and inter-temporal propagation of productivity shocks”. This

implies that when productivity is high there are more entrants to entrepreneurship.

2.6.5 Uncertainty

A few authors like Siow (1984) have developed an occupational choice model under uncertainty

by combining the supply side theory of human capital and the impact of demand under the

theory of occupational choice. Most often in such models agents face the problem of forecasting

future wages and cannot observe the occupational tenure. Siow (1984) was able to solve this

problem by assuming that all agents have rational expectations by observing the impact of

arbitrage both within and in between cohorts. Evans and Jovanovic (1989) observed a positive

correlation between presence of assets and the rate of business start-ups in a credit rationing

environment. Later Cressy (2000) re-analysed their model but with risk aversion aspects of

entrepreneurship which originated in Kihlstrom and Laffont (1979) model. They endogenize
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risk aversion in their model by allowing it to be a decreasing function of wealth. Following

Kihlstrom and Laffont (1979) they allowed the fact that income from entrepreneurship is more

risky from that of employment and hence risk aversion of an agent would influence the decision

to become an entrepreneur.

2.7 Entrepreneurial Ecosystems

Entrepreneurial ecosystems has been a popular subject amongst policymakers and entrepreneurs.

Due to its popularity with the policymakers it has recently sparked interest amongst academic

researchers. This interest in the subject by academics has been pursued by a stream of re-

search in this arena focussing upon the characteristics of successful ecosystems and how such

ecosystems support growth in entrepreneurship. Several authors such as E. Stam (2015); Acs

et al. (2017); Alvedalen and Boschma (2017); Audretsch and Belitski (2017); Bhawe and Zahra

(2019); Harper-Anderson (2018); Hechavarria and Ingram (2014); Spigel and Harrison (2018)

and F. Stam and Spigel (2016) have made important contributions to the field of entrepreneurial

ecosystems research. As per Dodd et al. (2007) the main ideas around entrepreneurial ecosys-

tems first emerged in the 1980s and 1990s. This was mainly due to a shift away in research in

entrepreneurship studies which heavily focussed upon individual and personality traits towards

the role of social and economic capital driving the process of entrepreneurship. Further biblio-

metric evidence by Malecki (2018) suggests that the use of entrepreneurial ecosystems term has

recently outstripped other concepts such as environments for entrepreneurship, mechanisms,

cultures and institutions which support entrepreneurship.

Despite the popularity of the term entrepreneurial ecosystems there is still no commonly ac-

knowledged definition of entrepreneurial ecosystems amongst researchers and practitioners.

Throughout the entrepreneurship literature various authors have defined the concept of en-

trepreneurial ecosystems. F. Stam and Spigel (2016),p.1) have defined entrepreneurial ecosys-

tems as “set of interdependent actors and factors coordinated in such a way that they enable

productive entrepreneurship within a particular territory”. Further Cohen (2006) defined en-

trepreneurial ecosystems as a group of actors who are interconnected within a local geographic

community where these actors are committed to sustainable development through the support
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of new ventures. In their definition Mason and Brown (2014) have defined entrepreneurial

ecosystems in detail. According to Mason and Brown (2014) entrepreneurial ecosystems are

defined as “a set of interconnected entrepreneurial actors (both potential and existing), en-

trepreneurial organizations (e.g. firms, venture capitalists, business angels, banks), institu-

tions (universities, public sector agencies, financial bodies) and entrepreneurial processes (e.g.

the business birth rate, numbers of high growth firms, levels of ‘blockbuster entrepreneur-

ship’, number of serial entrepreneurs, degree of sellout mentality within firms and levels of

entrepreneurial ambition) which formally and informally coalesce to connect, mediate and

govern the performance within the local entrepreneurial environment.” Mason and Brown

(2014),p.5). Additionally Qian et al. (2013),p.561) have defined entrepreneurial ecosystems as

“Those economic, social, institutional and all other important factors that interactively influ-

ence the creation, discovery and exploitation of entrepreneurial opportunities”. Most of the

definitions found in the literature highlight the fact that entrepreneurial ecosystems have a

boundary which is geographically defined. Within this boundary the ecosystem contains ac-

tors who are interconnected and other factors such as networks, institutions and human capital

(Alvedalen & Boschma, 2017).

A growing theme in the entrepreneurial ecosystems literature has been to identify the important

social and economic conditions which result in a successful and strong ecosystem (Spigel &

Harrison, 2018). Erina et al. (2017) identify many players and necessary elements which

constitute a successful ecosystem. As per Isenberg (2011) the main elements constituting

a successful entrepreneurial ecosystem can be identified mainly as: markets, policy, finance,

human capital, culture and institutional support. These elements have also been identified

by Foster et al. (2013) who also include additional elements such as access to customer base

both in domestic and foreign markets, formal (government institutions) and informal support

which all enable growth in entrepreneurship. Although there is still no unanimous definition

of the elements which constitute a successful ecosystem, however Spigel (2017) suggest that

these elements can be mainly categorized into material, social and cultural. These elements

further highlight that entrepreneurial ecosystem approach represents a shift in the traditional

economics based school of thought about businesses, markets and market conditions towards
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the role of society and institutions in supporting growth in entrepreneurship (E. Stam, 2015).

2.8 Role of Networking and Social Capital

The socially embedded nature of entrepreneurship gives rise to the role of networks in support-

ing entrepreneurship. According to Nijkamp (2003) it is quite essential for entrepreneurs to

gather knowledge from different sources in order to equip themselves to create a new firm and

be able to further exploit market opportunities. Several authors have researched the role of

networking for entrepreneurship, the aim of this section is to cover a literature review around

this topic.

Hoang and Antoncic (2003) reviewed network based research in entrepreneurship and criti-

cally examined the content of network relationships, governance and structure. They explored

how networks have a positive impact on entrepreneurial outcomes and their businesses and

secondly how network development is influenced by entrepreneurial outcomes and processes.

Entrepreneurs gain a lot of business related information through both formal and informal

networks. In their research Butler and Hansen (1991) studied the impact of social networks

in entrepreneurial opportunity identification and examined the use of networks in business

development. Their results indicated that both social and organizational networks increases

the probability of success for a start-up. Their results also suggested that public policy must

be aimed at promoting such networks rather than the traditional form of support which is

provided for encouraging entrepreneurship. Further Johannisson et al. (1994) suggested that

such networks are not only important for the start-up stage but entrepreneurs continue to be

associated with such networks at later stages for business information, advice and various kinds

of support. Additionally, North and Smallbone (2000) also emphasized on the importance of

clustering and networks for to aid the development of small rural firms.

Minniti (2005) argue that social environment had a significant impact on entrepreneurial out-

comes hence entrepreneurship tends to concentrate geographically. This occurs because in-

dividuals are influenced by decisions made by others in the society and they tend to follow

the social norms. This type of influence is described by author as a non-pecuniary network



2.8. ROLE OF NETWORKING AND SOCIAL CAPITAL 40

externality. According to the author an individual faces ambiguity aversion as the business en-

vironment tends to be uncertain. Author suggested that when an individual observes a larger

group of entrepreneurs they tend to experience less ambiguity because they acquire more in-

formation and skills by observation. Minniti (2005) also suggest that due to the uncertainty

involved in the entrepreneurial process networking also enables individuals to gauge perceived

risk.

Social capital is another aspect which has its impact on entrepreneurial outcomes. There is

no unanimous definition of social capital however some authors have defined it as a network

of relationships amongst people who live and work together in a society. Social capital can

have a positive impact on entrepreneurial outcomes. Whiteley (2000) associated higher levels

of social capital with higher probabilities of adopting new technology and innovation. Also,

Healy and Côté (2001) found a positive correlation between social capital and information

sharing amongst business networks and clusters. According to Storper (1997) entrepreneurs do

not carry out their business activities individually but they rather get connected to formal and

informal networks to obtain further business knowledge and develop their business. Interactions

through such networks further create conditions which are conducive to entrepreneurship by

encouraging adoption of innovation.

Aarstad et al. (2010) studied the role of social capital on performance spillover effects in a

network of rural entrepreneurs who were building their own hydroelectric micro power plants.

They found that there is a positive link between social capital and performance at firm level.

Their research focussed on the asymmetrical distribution of social capital between firms and

suggested that firms who do not have a enough social capital can improve their performance

by networking with firms who are rich in social capital. The role of social capital was further

researched by Westlund and Bolton (2003), who analysed the impact of social capital on local

and regional entrepreneurship by creating a model which studies the role of social capital in

generating producer surplus. They suggested that social capital affects producer surplus via

two channels. One effect occurs via channel of supply and revenue costs and the other effect

occurs via impact on human capital. Authors also highlighted that supply costs are affected by

social capital through the degree of trust and cooperation between agents and human capital is
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affected via the diffusion of knowledge through social capital. Clark (2009) researched on issues

relating to farm diversification practices on English farms. They interviewed about 15 farm

businesses. Out of these 76% of entrepreneurs said that both formal and informal networks

were ’essential’ for farm diversification. Further 44% said that they used networks to explore

new business and market opportunities. Other 16% reported that they had learned new skills

and acquired new qualifications through networking.

2.9 Role of Policy for Rural Entrepreneurship

Policy-makers should aim at policies directed specifically towards rural entrepreneurs as they

are the ones who drive growth in the rural economy. Farm businesses often face challenges in

the face of policy reforms and this causes uncertainties in the farms response to become en-

trepreneurial Morris et al. (2017). Authors Smallbone et al. (2003) have researched on policies

conducive to rural entrepreneurship and which support rural enterprises. They argued that a

more strategic and coordinated policy approach is required to aid rural development. Govern-

ment organisations who provide entrepreneurship services can have a significant influence on

their performance through a methodological approach (Geller, 2003). Using a scenario analy-

sis approach Fuller Love et al. (2006), developed foresight to improve policies which support

rural entrepreneurship in the context of Mid Wales. Since entrepreneurship is important for

economic growth a number of policy-makers are encouraging entrepreneurship in agricultural

businesses (Fischler, 2004).

The development of most rural areas depends upon diversification and the adoption of tech-

nology (Van Der Ploeg & Renting, 2000). Different forms of communication technology is

important for rural entrepreneurs as it gives them access to national and international markets

and is overall conducive to their business growth (Smallbone & North, 1999), thus policies

geared towards communication technology could aid the entrepreneurial process (Townsend

et al., 2013). Local factors have been identified as key in influencing the behaviour of en-

trepreneurs (Kalantaridis & Bika, 2006). They emphasize on locality as an important factor

in the entrepreneurial process, hence recommend policies supporting the local environment.

In their research Skuras et al. (2005), identified the importance of human capital accumula-
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tion, which is often associated with education and training, their research highlighted that

human capital accumulation plays an important role in the entrepreneurial process. As per

their results, Skuras et al. (2005) thus recommended the need for flexible human capital accu-

mulation support program policies which take into account the local needs of the area under

consideration.

2.10 Agent-Based Modelling

Social simulation is a technique to build simulation of social systems using computer pro-

grammes. Over the last 30 years it has become an increasingly popular tool in social sciences

to explore social systems. Authors such as Axelrod (1997) have stressed the importance of

social simulation and identified the purposes for which such simulation can be used. Ac-

cording to Axelrod (1997) these purposes include prediction, performance, training, entertain-

ment, education, proof, and discovery. Further Epstein and Axtell (1996) and Gilbert and

Troitzsch (2005) have also explored the importance of simulations in social sciences. Gilbert

and Troitzsch (2005) describe the various types of simulation models and their purpose for

various kinds of economics and social problems. They differentiated simulation models on the

basis of the number of levels of each model . According to the authors some simulation models

are at macro level whereas some are at both macro and micro level and some models differ on

the basis of the level of complexity amongst agent interactions and communications.

One of the most complicated techniques of social simulation is agent-based modelling. During

recent years agent-based modelling has become one of the most popular modelling techniques

as it allows the user to build models which allow direct representations of individual agents

and their interactions, agent-based models are essentially computational models which are

used to study the behaviour of agents when they interact within their given environment

(Gilbert, 2008). Railsback and Grimm (2011),p.10 describe agent-based models as “Models

where individuals or agents are unique and autonomous entities that usually interact with each

other and their environment locally”. Uniqueness of agents implies heterogeneity amongst

agents which can be in the form of size, history, resource possession and location.
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An agent-based model mainly has three components: agents, environment and experimenta-

tion. According to Yang and Chandra (2013),p.212 “An agent is essentially a software object

that has its own sensor to sense or perceive the environment”. An agent is a social actor

representing people, firms and institutions in a computational environment where they are

programmed to make decisions (Gilbert, 2008). Agents are the key elements in an agent-based

models, agents are usually the decision makers in the model set-up and can represent individu-

als, firms, businesses, institutions and animals or organisms of any form (Railsback & Grimm,

2011). In an agent-based model all agents have three defining characteristics: autonomy, het-

erogeneity and interaction. Agents are autonomous as they act independently of each other

and base their decisions to achieve their specified objective. As per Railsback and Grimm

(2011) agents use adaptive behaviour to achieve their objective, this implies that agents can

modify their behaviour when their environment changes, state of other agents changes and

their own state changes. All agents are autonomous which implies that these agents have their

own decision making rules. The purpose of an agent-based model is a key to define the agent

rules as the agent rules govern the decision making process and therefore have an impact on the

model outcomes. Decision making rules of the agents in an economics based agent-based model

can be either based upon rationality or some microeconomic theory like utility maximisation.

In the rural entrepreneurship model presented in this thesis agents use utility maximisation

rules to make decisions about their optimal occupational choice. Agents can use a wide variety

of these rules such as: following other agents, learning and adaptation or following historical

patterns (Wilensky & Rand, 2015).

The second agent characteristic which is central to an agent-based model is the agents hetero-

geneity this implies that different set of agents have different levels of attributes which has an

impact on their decision making. Introducing heterogeneity allows the user to study how dif-

ferent levels of attribute have an impact on the model outcomes. The last agent characteristic

is their interaction with other agents and also their environment. Through interaction agents

exchange information from each other, learn and directly affect the behaviour of each other.

This is an important characteristic of agent-based models which makes it stand out from other

modelling techniques. This possibility of interaction within an agent- based model is what that
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sets it apart from other computational models (Gilbert, 2008).

The environment represents the world where agents interact with each other (Gilbert, 2008).

Environment can either represent geographical areas or networks or simply a social space

where agents interact with each other. Agents can either interact with their environment, or

interact with agents who are their neighbours or in a network setting interact with agents

with a link to themselves. In the model agents interact amongst each other and also interact

with the environment and make their own decisions. Usually agents interact locally which

implies that they do not interact with all the agents in a model setup but they interact with

their neighbours within their geographic space or in a network (Macal & North, 2005). In

this thesis rural entrepreneurship model represents the environment in the form of land-units.

Each land unit is assigned its productivity randomly and it varies with seasonal fluctuations.

Last component of the agent-based model is experimentation. Once the agents are assigned

behavioural rules and the environment is setup, experiments can be run on the model which

produce outcomes in the form of datasets. The output usually focuses on the macro level of

the outcomes of the model (Railsback & Grimm, 2011).

ABM Validation Techniques

Once the agent-based models are built, it is important to carry out validation of such models

to build confidence in the results that the model is producing. Sensitivity analysis is performed

to assess the impact of varying the input values on the output of the simulation model (Ginot,

Gaba, Beaudouin, Aries, & Monod, 2006). The inputs which are usually analysed are the

model parameters. Sensitivity analysis acts as a useful tool in identifying the parameters

which have a strong impact on the output of the model. This also highlights the processes

which are significant and highly important in the model. In case of model input uncertainties,

sensitivity analysis is useful in assessing the significance of these uncertainties. In case of

uncertainties, if the model output does not vary by a significant amount when the value of

input parameter is varied, indicates that the model is robust and such uncertainties are of low

significance (Railsback & Grimm, 2011).

There are mainly three approaches to carry out sensitivity analysis: screening, local and global
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sensitivity analysis (Saltelli, Tarantola, Campolongo, & Ratto, 2004). Screening methods are

mostly used for more computationally complex models as these methods can quickly identify

the importance of parameters. Screening methods rank the input parameters in the order of

their significance in the model and are able to differentiate between low and high importance

input parameters however these methods are unable to quantify the importance of the input

parameters (Saltelli et al., 2004). Local sensitivity analysis is usually performed as a ceteris

paribus analysis where only one input factor is changed at the time. This approach is also

known as OAT (one factor at a time approach) (Massada & Carmel, 2008). Unlike the screening

methods, local sensitivity analysis is able to quantify the impact of small input variations

(Marino, Hogue, Ray, & Kirschner, 2008); (Soetaert & Herman, 2008). In global sensitivity

analysis, the inputs are varied over a large range. This is especially important for agent-

based models where the inputs are uncertain (Marino et al., 2008). Unlike the local sensitivity

analysis where usually one factor is varied at a time, in global sensitivity analysis most input

factors are varied simultaneously to not only capture the impact of the single input on the

output but also the impact of interaction effect between inputs. Here usually the sensitivity of

one input is dependent upon the values of other inputs (Thiele, Kurth, & Grimm, 2014). The

Design of Experiment (DoE) methodology is usually employed to carry out experiments used

for global sensitivity analysis. The Design of Experiment methodology was first developed for

carrying out experiments in the field of agriculture by (Lorscheid et al., 2011). Classical DoE’s

have been used for designing experiments for agent-based models by many authors such as

Campolongo and Saltelli (2000); Lorscheid et al. (2011) and Happe (2005).

2.10.1 ABM in social sciences

In social sciences ABM’s are used as virtual laboratories to explain real world scenarios in the

form of simulations. According to Gilbert (2008) there are broadly three uses and fundamental

purposes of an agent-based model. The purpose of the model determines the technique by

which the model is developed, designed and put to use. There are essentially three categories

of agent-based models : abstract models, middle range models and facsimile models (Gilbert,

2008). These three ways of modelling are not essentially mutually exclusive and can be used

in combination with many different ways which ultimately depends upon the subject matter
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under research, user demands and the preferences of the researcher.

Abstract Models

In the case of abstract models, theories of social science are implemented in the models and

the models are run to obtain output which is then analysed to explore these theories. The

output which is obtained is at a macro level and can be indicative of a real world pattern or

behaviour. If this occurs then the micro-level rules are successful in explaining the macro-

level phenomena however if a familiar macro-level pattern does not emerge then this calls for

modifying the underlying micro-level rules of the ABM. The macro level results can be indica-

tive of some “emergent” phenomena. Railsback and Grimm (2011) have defined emergence

as the unexpected system dynamics which result from how underlying processes are modelled.

Epstein and Axtell (1996) further define emergence as an aggregate outcome which cannot

be observed if systems were to be observed in isolation. Certain authors like D. C. Parker

and Meretsky (2004) have developed such theoretical ABMs to explain the concepts in social

science. However, as ABMs are being more widely used and the development of its literature

has lead to a decline in the use of such abstract models (Matthews, Gilbert, Roach, Polhill, &

Gotts, 2007).

Middle Range Models

Another use of agent-based models is in the form of middle range models. Gilbert (2008)

suggest that middle range models on the other hand describe the characteristics of a social

situation in a more generalized way. As these models are generic therefore their results are

capable of being applied across various industries. A generic nature also implies that dynamics

from the agent-based models should be similar to the dynamics observed in real world, in other

words the distributions arising from the results should be similar to the distributions observed

in reality (Moss, 2008). Models of consumer behaviour, innovation networks or models of

industry districts all fall under the middle range models category. Malerba et al. (2001) model

on the history of computer industry is an example of a middle range model. Their model

does not exactly reproduce the history of computer industry but is able to capture the main

highlights of its history.
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Facsimile Models

Lastly Facsimile models tend to exactly replicate a target phenomenon. These models aim to

predict the future state of the target and also predict its state in case of a change in policy

scenario (Gilbert, 2008). These models are mainly useful as a scenario-analysis tool Yang and

Chandra (2013) and further investigate planning and policy issues Matthews et al. (2007).

Recently the use of facsimile models has become more popular as they are able to replicate a

target system quantitatively and this is useful for policy makers to assess the impact of policy

changes (Yamane, Ohori, Obata, Kobayashi, & Yugami, 2012).

2.10.2 Advantages and Problems of ABM

The most common form of models in social science is the equation based models (Parunak,

Savit, & Riolo, n.d.);(Wilensky & Reisman, 2006). There are many advantages of agent-

based models over equation based models. One of the advantage is that the agent-based

models are able to model a heterogeneous population however equation based models rely on

the assumption of homogeneity (Wilensky & Rand, 2015). Wilensky and Rand (2015) further

highlight that another advantage of ABM over equation based models is that it does not require

any prior knowledge of the macro level phenomenon whereas with equation based models a

thorough understanding of the aggregate behaviour is necessary. Also ABMs produce results

in far greater detail that equation based models, as they are able to produce results not only

at the individual level but also at a detailed aggregate level (Wilensky & Rand, 2015).

ABMs allow users to represent multiple scales of analysis, emergence of structures resulting

from individual actions of agents and adaptation and learning (Gilbert, 2008). Gilbert (2008)

also stress the importance of ABMs in overcoming the ethical problems which are often asso-

ciated with experimentation as such problems tend to disappear when experiments are virtual

and computer based. Unlike theoretical models which are expressed in a form of language,

ABMs impose a restriction of being precise. Such precision clearly acts as an advantage over

other forms of modelling (Gilbert, 2008). Additionally, ABM’s are capable of carrying out the

analysis of both adaptive and rational agents (Axelrod, 1997).

One of the problems facing agent-based models is that there is no standard procedure to build
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and describe an agent-based model yet. Simulation models such as the agent-based models

are still viewed by many as a black box (Lorscheid et al., 2011). Additionally as agent-based

models are built based upon heterogeneous theoretical frameworks, these models are often not

comparable to each other (Fagiolo, Moneta, & Windrum, 2007). Various agent-based models

are often built in order to explain different phenomena and there are no tests which can be

conducted to measure the relative performance of these various models (Richiardi, Leombruni,

Saam, & Sonnessa, 2006). Furthermore, as per Axtell (2000), the amount of time required to

run the model for all the values of model parameters increases exponentially as the number

of parameters are increased in the model. Axtell (2000) addressed this issue as the “curse of

dimensionality”.

2.10.3 Agent-Based Modelling and Entrepreneurship

Agent-based modelling has recently become a popular research methodology in the field of en-

trepreneurship. Several authors Yang and Chandra (2013); McMullen and Dimov (2013);Crawford

et al. (2015); McKelvey (2004) have utilized agent-based modelling particularly for the process-

oriented approach in the field of entrepreneurship. Agent-based modelling can serve as an

important tool for entrepreneurship research as this methodology is particularly useful when

the underlying phenomenon is hard to explain, when there is limited availability of data and

when it is difficult to reproduce it across various contexts Shim et al. (2017); Shim (2015).

Using agent-based modelling Mauer et al. (2018) focus on the study of boundary conditions and

search processes entailed in the entrepreneurial problem space. They are able to investigate the

impact of environment and unpredictability on entrepreneurial outcomes. There are few studies

in the field of entrepreneurship where authors have developed agent-based models to study the

impact of various factors on entrepreneurial outcomes, one such model has been built by Pablo-

Mart́ı et al. (2013) where they include variables mainly related to entrepreneurial activity.

Their model includes entrepreneur, firm, knowledge, innovation and location variables.

Despite its importance, there is only a limited number of applications of agent-based modelling

in the entrepreneurship research (McDonald, Gan, Fraser, Oke, & Anderson, 2015). Jaehu et

al. (2012) highlight that agent- based models have been rarely utilized in entrepreneurship
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research leaving a methodological gap in literature and recommend the use of agent-based

modelling as another research methodology to supplement qualitative and quantitative meth-

ods in entrepreneurship research. Analysing the trends in data analysis of all articles which

were published in major journals of entrepreneurship Dean et al. (2007) found that 14% of

the articles used simple regression, 16% used multiple regression whereas 11% used logistic

regression. However Dean et al. (2007) did not find a single article using simulation methods

including agent-based modelling.



Chapter 3

Modelling Rural Entrepreneurship

3.1 Introduction

This chapter focusses upon deciphering the drivers which are specifically associated with ru-

ral entrepreneurship. The chapter follows an economics of entrepreneurship approach which

essentially analyses the impact of economic incentives upon entrepreneurial behaviour of an in-

dividual and how this behaviour in turn has an effect on the economy as a whole (S. C. Parker,

2009). An occupational choice static model is built to study the main drivers of rural en-

trepreneurship. In the economics of entrepreneurship literature it is not uncommon to study

entrepreneurship through occupational choice models however most of the models to date have

focussed upon entrepreneurship in general rather than rural entrepreneurship specifically (see

section 2.6) thereby leaving a gap in literature, hence the aim of this chapter is to address this

gap and contribute to the economics of entrepreneurship literature. The chapter begins by

discussing the theoretical foundations of the underlying occupational choice model in section

3.2. Further section 3.3 presents the static occupational choice model and lastly section 3.4

concludes the chapter.
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3.2 Theoretical Foundations of the Model

In this study chapter the drivers behind rural entrepreneurship are analysed by developing

an occupational choice model. An individuals utility depends upon many factors such as job

satisfaction, autonomy, income, work effort and other personal and psychological factors. In

this thesis an occupational choice model where individuals make a utility maximizing career

choice is constructed, they choose entrepreneurship as an occupation if the utility from being

an entrepreneur is greater than in employment. Hence their occupational choice decision is

driven by economic incentives. Several authors have previously studied the research question

as to why individuals choose entrepreneurship as a career option. Some of the important early

contributions in the field of economics have been by authors such as Lucas Jr (1978); Kihlstrom

and Laffont (1979); Casson (1982); Baumol (1996); Campbell and Daly (1992); Gifford (1993);

Blanchflower and Oswald (1998); Douglas and Shepherd (2000).

The theoretical foundations of the proposed occupational choice model has been more specif-

ically borrowed on from the concept of Blanchflower and Oswald (1998) and Douglas and

Shepherd (2000). Blanchflower and Oswald (1998) focus on the interactions between agents

occupational choices and distribution of wealth. They argue that because of capital market im-

perfections agents who are poor settle for wage work, whereas agents who acquire inheritance

become entrepreneurs. According to Blanchflower and Oswald (1998) individuals find them-

selves capital constrained. Hence the probability of becoming a potential entrepreneur depends

positively on wealth inheritance or obtaining finance from the capital markets. Capital mar-

kets provide too little capital to entrepreneurs because of moral hazard and adverse selection

problems. In the rural occupational choice model presented in this chapter, like (Blanchflower

& Oswald, 1998) approach of wealth constraint, the agents maximize their utility function

based on the income constraint.

Further the rural occupational choice model also borrows the concept of utility maximization

from the works of Douglas and Shepherd (2000) where they study about agents occupational

choice decision. They base their model on the maximal utility principle. In their model, an

agent chooses between entrepreneurship or employment or a combination of both depending
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upon which career path provides maximal utility. Utility of an individual from any occupation

is based upon their income, working conditions, risk exposure, work effort required and other

working conditions associated with that occupation. As per the model, an individual surveys

from a set of different jobs and chooses to become an entrepreneur if the expected utility from

top ranking self employment options is greater than the expected utility from top ranking

employment options.

Hence the rural occupational choice model draws on the constraint inspiration from the works

of Blanchflower and Oswald (1998) whereas the concept of occupational choice as a utility

maximizing response from the works of Douglas and Shepherd (2000).

3.3 Occupational Choice Model

The occupational choice model developed in this chapter essentially has two components. The

first component is an employee model and the second component is an entrepreneurs model.

For the purposes of building the occupational choice model it is assumed that an individual

faces two occupational choices in their lifetime, they can either choose to become a rural

entrepreneur or work as an employee and earn wages. The aim of the agents in the model is to

maximize their utility subject to the income constraint and choose an occupation based on the

highest utility. In this occupational choice model, the agent is driven by economic incentives

and hence the occupation which gives the highest utility would be the optimal occupational

choice of the agent.

3.3.1 Employee Model

An individual faces two occupational choices in the model. They can either become an en-

trepreneur or work as an employee. The objective of the individual is to maximize their

utility subject to the income constraint. The model assumes that all agents are rational and

they always choose an occupation which maximizes their utility and are driven by economic

incentives.

The utility function of the individual is a Cobb Douglas utility function of consumption and
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leisure at time t. It follows constant returns to scale, hence α + β = 1, here β is (1 − α).

α and β are the preference parameters of consumption and leisure of individual agents. As

per (Varian, 2014) in a Cobb Douglas utility function α and β are the preference parameters.

Equation 3.1 below shows the Cobb Douglas utility function of the employee who works for

wages.

Uw = Cαwt
L1−α
wt

(3.1)

where Cwt represents consumption and Lwt is the leisure of the employee at time t.

In the first instance the individual starts as an employee and works for a wage. As a wage

worker individual earns a standard wage at a given point in time wt. The income of this

individual depends upon the number of hours worked and the wage rate. Normalising the

amount of time available to unity, individual works for (1 − Lw)t hours, where Lwt is leisure

at time t. Hence income of the wage worker can be calculated as:

Yw = wt(1− Lw)t (3.2)

It is assumed that income can only be consumed and not saved in the model framework, hence

income of an individual is equal to consumption in time t:

Yw = Cwt (3.3)

From equations 3.2 and 3.3, the income constraint faced by the individual is obtained as:

wt(1− Lw)t = Cwt (3.4)

Therefore as an employee the individual faces the following utility maximization problem:

MaxCwt ,Lwt
(Uw = Cαwt

L1−α
wt

)
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subject to

Cwt = wt − wtLwt

The Lagrange Multiplier is used to solve the utility maximizing problem of the individual:

τ = Cαwt
L1−α
wt

+ λ(Cwt − wt + wtLwt)

Solving for the first order conditions (FOC’s) with respect to Cwt , Lwt and λ to obtain optimal

values of consumption, leisure and λ

C∗
wt

= αwt (3.5)

L∗
wt

= 1− α (3.6)

λ =
(αα − αα+1)wα−1

t

(1− α)α
(3.7)

The optimal value of consumption is obtained as a function of an individual’s preference

parameter α and their wages wt, which implies that preferences and current period wages

would determine an individual’s optimal consumption in a given period.

Further the optimal leisure value also depends on an individuals preference (1−α), they would

choose optimal leisure based on the weight they assign to their preference of leisure as compared

to consumption.

To check for maxima the second order conditions for the constrained optimization equation

are derived. A bordered Hessian matrix is constructed for the purpose:

HB =


0 gc gl

gc Lcc Lcl

gl Llc Lll


where gc and gl are the first order partial derivatives of the constraint and the remaining

elements are the second order partial derivatives of the Lagrange function with respect to

consumption and leisure.
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Hence the following Hessian matrix is obtained:

|HB| =

∣∣∣∣∣∣∣∣∣∣∣
0 1 −wt

1
αUw
C2
wt

0

−wt 0 (1− α) Uw
L2
wt

∣∣∣∣∣∣∣∣∣∣∣
where Uw is the original utility function, i.e. Uw = Cαwt

L1−α
wt

To check the sign of the leading principle minors the values of C∗
wt

and L∗
wt

and U∗
w are

substituted in |HB|

Hence the following Hessian matrix is obtained:

|HB| =

∣∣∣∣∣∣∣∣∣∣∣
0 1 −wt

1
α(1− α)1−α(wtα)α

w2
tα

2
0

−wt 0 (1− α)(1− α)−α−1(wtα)α

∣∣∣∣∣∣∣∣∣∣∣
checking the signs of leading principle minors:

|HB
1 | = 0− 1 < 0

and

|HB
2 | =

−(α− 1)(α)(wtα)2α

w2
t (1− α)2αα2

For maxima |HB
1 | < 0 and |HB

2 | > 0, hence for |HB
2 | > 0. As α is a parameter from the

Cobb-Douglas utility function hence its value lies between zero and one hence α > 0. Also as

wages are positive hence w > 0. Thus the maximisation condition holds true.

3.3.2 Entrepreneur Model

In the entrepreneur model the individual works as a rural entrepreneur. For the entrepreneurs

static model, the utility function of the individual is a Cobb-Douglas utility function of con-
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sumption and leisure.

Ue = CβetL
1−β
et (3.8)

where Cet represents consumption and Let is the leisure of the entrepreneur at a given time

t. It is assumed in the model that entrepreneurs work on their business themselves without

hiring any external labour.

An entrepreneurs income is the profit which they earn from running the business where profit

depends upon the number of hours an entrepreneur works. For a rural entrepreneur, as land

is the asset which is required for the production of output hence it represents the capital

Kt for producing output where Kt is the number of units of land held by an entrepreneur

at time t, output further depends upon land-productivity. The model assumes that there

is no other capital which is required for production. If rural entrepreneurs are non-farming

individuals then land would represent any other factor of production used for producing output

and productivity is then their total factor productivity which would influence the amount of

output produced by an agent. The focus of this model is essentially upon entrepreneurs who

are land-based and produce their output using land. This includes the farming and agriculture

sector, which is a sector not found in urban areas hence it serves as a distinguishing factor

between rural and urban entrepreneurs.

The land-productivity is denoted byMt in the model which varies with time. Land-productivity

is a stochastic variable which is positive, with mean M and variance σ2. Mt is identically and

independently distributed, Mt ∼ (M,σ2),Mt > 0. The income of an entrepreneur can be

specified as:

Yt = MtKt(1− Let) (3.9)

Normalising the amount of time available to unity, individual works for (1−Le)t hours , where

Let is leisure of the entrepreneur. Hence profit of the entrepreneur follows the equation:

Yt = MtKt(1− Le)t − δ (3.10)

where δ is the fixed operating costs incurred by an entrepreneur in producing output.
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At this point of time it is further assumed that income can only be consumed and there is no

investment, thus the income of an entrepreneurial individual can be written as:

Yt = Cet (3.11)

From equations 3.10 and 3.11 the income constraint of the individual can be written as:

MtKt(1− Le)t − δ = Cet (3.12)

The entrepreneur faces the following utility maximization problem:

MaxCet ,Let
(Ue = CβetL

1−β
et )

subject to

Cet = MtKt(1− Le)t − δ

The Lagrange Multiplier is used to solve the utility maximizing problem of the individual:

τ = CβetL
1−β
et + λ(MtKt(1− Le)t − δ − Cet)

Solving for first order conditions (FOC’s) with respect to Cet ,Let and λ to obtain optimal

values of consumption and leisure and λ

C∗
et = β(KtMt − δ) (3.13)

and

L∗
et =

(1− β)(KtMt − δ)
Mt

(3.14)
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and

λ =
(ββ − ββ+1)(KtMt − δ)β

[(Mt[(β − 1)δ −KtMtβ +KtMt])/Mt]β
(3.15)

The optimal consumption of an entrepreneur depends on the preference parameter β, this

weighs the trade off between consumption and leisure. Also consumption depends upon land-

productivity each period and fixed operating costs. If land-productivity is high in a particular

period , then ceteris paribus the entrepreneur enjoys more consumption every period.

Also the optimal leisure of an entrepreneur depends on the preference parameter (1 − β). It

also depends on the land-productivity, number of units of land (Kt) and fixed operating costs.

To check for maxima the second order conditions for the constrained optimization equation

are derived. For the purpose a bordered Hessian matrix is constructed:

HB =


0 gc gl

gc Lcc Lcl

gl Llc Lll


where gc and gl are the first order partial derivatives of the constraint and the remaining

elements are the second order partial derivatives of the Lagrange function with respect to

consumption and leisure.

Hence the following Hessian matrix is obtained:

|HB| =

∣∣∣∣∣∣∣∣∣∣
0 1 −wt

1 β Ue
Cet

0

−wt 0 (1− β) Ue
L2
et

∣∣∣∣∣∣∣∣∣∣
where Ue is the original utility function, i.e. Ue = CβetL

1−β
et

To check the sign of the leading principle minors the values of C∗
et and L∗

et are substituted in

|HB|
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checking the signs of leading principle minors:

|HB
1 | = 0− 1 < 0

and

|HB
2 | =

−(β − 1)β(−β(δ −KtMt))
2β

β2(δ −KtMt)2(
(β − 1)(δ −KtMt)

Mt
)2β

For maxima |HB
1 | < 0 and |HB

2 | > 0, hence for |HB
2 | > 0. As β lies between 0 and 1 so β > 0.

Hence maxima holds for the optimal values of consumption and leisure.

3.3.3 Occupational Choice

The optimal values of consumption and leisure obtained from both employee and entrepreneur

model are substituted in the utility function of each agent to determine which variables would

influence an individual agent’s occupational choice decision.

For an employee, the utility function is a Cobb-Douglas utility function of consumption and

leisure. Utility of an employee is written as : where Cw represents consumption and Lw is the

leisure of the employee

Uw = Cαwt
L1−α
wt

(3.16)

Optimal values of consumption and leisure obtained from the maximization problem are

C∗
wt

= αwt

and

L∗
wt

= 1− α

substituting values of C∗
wt

and L∗
wt

in the utility function the following equation is obtained.

U∗
w = (wtα)α(1− α)1−α (3.17)
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For an entrepreneur, the utility function is a Cobb-Douglas of consumption and leisure.

Utility of an entrepreneur is written as : where Ce represents consumption of an entrepreneur

and Le is the leisure of the entrepreneur

Ue = CβetL
1−β
et (3.18)

Optimal values of consumption and leisure obtained from the maximization problem are:

C∗
et = β(KtMt − δ)

and

L∗
et =

(1− β)(KtMt − δ)
Mt

substituting values of C∗
et and L∗

et in the utility function we obtain.

U∗
e = (β(KtMt − δ))β[

(1− β)(KtMt − δ)
Mt

]1−β (3.19)

The value of an employee’s utility Uw depends upon wt and α. As required by the conditions

for maxima wt > 0 and 0 < α < 1 for a constant returns to scale Cobb-Douglas utility function.

Wages of an employee must be positive otherwise there will be negative utility derived from

wage work. The utility of the entrepreneur depends upon β, Kt, Mt and the fixed operating

cost to run the business δ. Here 0 < β < 1, and Kt > 0 as it is assumed that all individuals

possess one unit of land in the model. Also Mt is stochastic and follows a uniform distribution.

For an individual to choose entrepreneurship over employment, the following condition must

hold true:

U∗
e > U∗

w (3.20)

Equation 3.20 can be rearranged as:

U∗
e − U∗

w > 0 (3.21)
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To determine the conditions under which equation 3.21 would hold true, values of the variables

are substituted in the equation. The values of the variables in equation 3.17 and equation 3.19

are assumed as w = 1 in equation 3.17 and Kt = 1,Mt = 1 and δ = 0 in equation 3.19.

After substitution equation 3.17 can be re-written as:

U∗
w = (α)α(1− α)1−α (3.22)

thus equation 3.22 implies

U∗
w = U(α)

And equation 3.19 can be re-written as:

U∗
e = (β)β(1− β)1−β (3.23)

thus equation 3.23 implies

U∗
e = U(β)

Hence for equation 3.20 to hold true:

U(β) > U(α)

which implies that

β > α

Hence when the assumptions of w = 1, Kt = 1,Mt = 1 and δ = 0 hold true, then an individual’s

occupational choice would depend upon their preference parameters.

Relaxing the assumptions when wages, land-productivity and land-unit are unity. The frame-

work further explores under what circumstances will the utilities from both occupations would

be equal.
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T = U∗
e − U∗

w (3.24)

From equation 3.17 and 3.19, equation 3.24 can be re-written as:

T = [(β(KtMt − δ))β[
(1− β)(KtMt − δ)

Mt
]1−β]− [(wtα)α(1− α)1−α] (3.25)

To derive the restrictions under which equation 3.24 would hold true. The first step is to arrive

at the condition under which U∗
e = U∗

w and see the sign of the resulting expression. Later the

condition for which U∗
e > U∗

w is determined. The assumption that δ = 0 holds true in the

static framework.

For this condition to hold true, values of U∗
e and U∗

w are substituted from equation 3.17 and

3.19 into equation 3.26

U∗
e = U∗

w (3.26)

[(β(KtMt − δ))β[
(1− β)(KtMt − δ)

Mt
]1−β] = [(wtα)α(1− α)1−α] (3.27)

As δ = 0 according to the static framework assumption. Equation 3.27 is reduced to equation

3.28

(KtMtβ)β[(
KtMt −KtMtβ

Mt
)1−β] = [(wtα)α(1− α)1−α] (3.28)

The following equation is obtained after simplifying equation 3.28

−βMβ
t =

(wtα)α(1− α)1−α

Kt
(3.29)

Equation 3.29 is rearranged as:
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ᾱ

β̄
=
KtM

β
t

wαt
(3.30)

where ᾱ = αα(1− α)1−α and β̄ = ββ(1− β)1−β

Hence equation 3.30 is re-written as :

wαt ᾱ = KtM
β
t β̄ (3.31)

As it is known that as there is no investment in the static framework in the next period so

value of land-units remains one Kt = 1, as all individuals in the model own a piece of land.

Hence equation 3.31 is rearranged as:

wαt α
α(1− α)1−α = Mβ

t β
β(1− β)1−β (3.32)

As the value of α and β lies between 0 and 1. Hence it is essential to explore for what values

of α and β will equation 3.32 hold true. When α = 1 and β = 1, equation 3.32 is reduced as:

wt = Mt (3.33)

This implies that if an individual has similar preferences and the fixed operating cost of busi-

ness is zero then as long as wages equal current period land-productivity. They would be

indifferent between being an entrepreneur or an employee. They would derive same utility

from being an entrepreneur as they would from being an employee. Thus occupation choice of

entrepreneurship would depend upon the value of land-productivity given the assumption of

δ = 0 (fixed operating cost) holds true.



3.4. CONCLUSION 64

3.4 Conclusion

This chapter presents an occupational choice static model which attempts to understand the

drivers behind rural entrepreneurship. The model is based along the theoretical foundations of

the occupational choice models of authors Blanchflower and Oswald (1998) and Douglas and

Shepherd (2000). The aim of the model is to address the gap in the economics of entrepreneur-

ship literature where most of the occupational choice models have focused upon exploring the

drivers of entrepreneurship in general largely ignoring rural entrepreneurship (see section 2.5).

The occupational choice model focusses on the decision of an agent to choose an occupation

which provides them with the maximum utility given the income constraint. The results from

the static model highlight when all variables are held constant and the fixed operating cost of

running a business is zero, then the preferences of consumption and leisure of an agent would

determine which occupation would provide highest utility for an agent. However when prefer-

ences are similar, then land-productivity and current wages would become important deciding

factors of the occupational choice of an individual in a rural context.



Chapter 4

Agent-Based Modelling

4.1 Introduction

This chapter introduces the dynamic model of rural entrepreneurship. The dynamic model is

built in an agent-based framework using Netlogo. Tisue and Wilensky (2004) define NetLogo

as “a multi-agent programming language and modelling environment for simulating natural

and social phenomena which is particularly well suited for modelling complex systems evolving

over time.” (Tisue & Wilensky, 2004), p.16. The chapter begins by discussing the model

structure and dynamics in detail in section 4.2. This is followed by section 4.3 which discusses

the model experiments. Results from the model experiments are presented in section 4.4. In

addition the agent-based model is further extended to examine the role of partial informal

network connections amongst agents in section 4.5. The results of this extension are then

presented in section 4.6. The agent-based model developed in section 4.2 is further validated

using data from various sources in section 4.7. Lastly section 4.8 presents a discussion on the

findings of this chapter.
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4.2 Model Structure and Dynamics

4.2.1 Purpose of the Model

To examine the impact of dynamic variables on the occupational choice of agents, the occu-

pational choice model is implemented in an agent-based modelling framework in Netlogo. The

aim of the ABM is to determine and identify the factors which drive growth in entrepreneurship

in a rural context.

In this occupational choice model which focusses on rural entrepreneurship, an individual

decides between entrepreneurship and employment based on the utility maximization principle.

The aim of this model is to show how agents make an occupational choice in a rural context

and to explore the main drivers of rural entrepreneurship. The model’s primary output is

the growth rate of entrepreneurs over time. These outputs emerge from how agents make a

choice between the two occupations based on the maximisation of utility principles over time.

The adaptive behaviour of agents is their decision to choose an occupation depending upon

the utility derived from each occupation. Agents use a microeconomic analysis to make their

decision and switch to the occupation which provides them with the highest value of utility

weighted by their individual preferences.

4.2.2 Agent-Based Model Structure

In the agent-based framework there are two types of agents who are classified according to their

occupation. Agents who are working for wages are classed as employees whereas agents who are

doing their own business are entrepreneurs. Patches represent land which each agent possesses.

Each agent owns a piece of land which is characterized by land-productivity. Land-productivity

is randomly assigned to each patch of land at time t. It is drawn from a uniform distribution

and it varies between 10 and 100. Agents are characterized by preferences of consumption and

leisure, which are in the form of a Cobb-Douglas utility function. The preference parameter of

the employees is represented by α which follows a uniform distribution between 0 and 1 and

the preference parameters of the entrepreneurs is represented by β which also follows a uniform

distribution between 0 and 1. In the Netlogo framework the fixed operating cost of starting
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a business is set as a slider value between 0 and 1 where 0 implies no cost and 1 represents

a high cost. In addition agents possess education/general skill level which is represented by

the variable gamma (γ). Gamma (γ) determines the actual wages an agent earns and also

influences the amount of land-productivity an agent is able to derive from their land. Gamma

(γ) follows a uniform distribution between 0.2 and random-float 1. A low γ indicates a low

skill/education level of an individual whereas a high γ indicates a high skill/education level.

Each individual has an aim to maximize their current period utility by choosing the optimal

amount of consumption and leisure. The agents compare their expected utilities and utilities

over 5 periods and make a decision based on the collective value of utilities over this 5 ticks

period. In addition to the utility maximization, agents are assigned a switching cost variable.

For the purpose of the model switching cost is defined as the time period (number of years) an

agent stays put in a particular occupation. It represents the lost occupation specific experience

which an agent builds when they stay put in a particular occupation and also the cost of

retraining when they switch occupation. The model follows the definition of switching cost as

defined by (S. C. Parker, 2009). As per (S. C. Parker, 2009) switching costs which are economic

in nature are defined as lost-sector specific experience, costs of raising start-up capital and

retraining costs when an individual switches from entrepreneurship to employment.

In the Netlogo framework the switching cost is zero at the beginning and keeps going up by +1

each tick when an agent stays in the same occupation. The cost is additive in nature and keeps

adding until the agent switches occupation. When they switch occupation, switching cost is

reset to zero. A slider named switching cost limit is further created in the Netlogo framework

If the value of the switching cost limit slider is set to low, then agents can bear lower switching

costs and are not able to switch occupation once they are past their upper limit of switching

costs. Alternatively when this slider value is set to high the agents are able to bear higher

switching costs.
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The model includes the following actions that are executed in this order each time

step:

Employee switch-occupation The employees decide between the two occupations by com-

paring their current period utility generated by employment with the utility they would get if

they were to switch being an entrepreneur. They assess this for five periods and keep updating

their occupation-switch counter. To begin with employee, the occupation-switch counter is

set to zero. If the expected utility from being an entrepreneur is higher than the utility from

being an employee, then they add 1 to their counter value, similarly if the expected utility from

being an entrepreneur is lower than the utility from being an employee, they add 0 to their

counter value. They do this for five periods , after five periods , if their counter value is higher

or equal to the occupation switch threshold value, they consider switching their occupation,

however switching also depends upon their switching-cost, if their switching-cost is lower than

the switching cost limit which determines the maximum amount of switching-cost an agent can

bear, then they are able to switch occupation, however if their switching cost is higher than

the switching cost limit, they no longer switch even though their counter value is exceeding

occupation-switch-threshold.

On each tick land-productivity is updated by its random shock element and it can go up or

down by an absolute value of 5. Land-productivity varies according to equation 4.1 where Mt

is the current period land-productivity and εM,t is the random shock which goes up or down

by an absolute value of 5.

Mt+1 = Mt + εM,t (4.1)

Entrepreneur switch-occupation Entrepreneurs in the model also calculate their utility

from entrepreneurship and compare this utility with the expected utility they would get if

they were an employee. Their expected utility from employment depends upon the expected

wages the agents would earn if they were working as employees. These expected wages are

calculated by taking an average of the current wages earned by all employees. The agents

draw a comparison between expected utility and utility derived from entrepreneurship for five

periods and switch occupation if the expected utility from being an employee is greater than
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the utility they obtain from entrepreneurship. Changing occupation also depends upon their

switching-cost, if the switching-cost is lower than the switching-cost limit then they are able

to switch occupation, however if the switching cost is higher than the switching cost threshold,

they no longer switch even though their counter value is exceeding occupation-switch-threshold.

Output- Monitors in the model display, new entrepreneurs on more productive patches and

new entrepreneurs on less productive patches. In addition the monitor shows the overall

percentage growth in entrepreneurship. The plots also depict model output over the model

run. The monitors further display the average utility derived by employees and average utility

derived by entrepreneurs.

4.2.3 Dynamics of the model

In this section the dynamics of the variables in the static model are discussed. Wages and

land-productivity are both dynamic variables in the agent-based model which update on every

tick. The dynamic mechanism followed by the two variables is discussed in this section.

Land-Productivity Dynamics

Land productivity Mt follows an AR(1) process.

Mt+1 = aMt + εM,t (4.2)

where εM,t is white noise and a = 1. εM,t is the random shock which is experienced by land-

productivity. Random shock element causes productivity to vary between +5 and -5 on every

tick in the agent-based model built in Netlogo.

Wage Dynamics

The second parameter which is dynamic in the model is the employees wages, wages dynam-

ically adjusts over time depending upon the number of new employees entering the labour

market. These new employees initially start off as entrepreneurs in the model however they

switch into employment after a certain period of time if and when they derive higher utility

from employment. Wages are endogenized in the model. It is assumed that the economy is
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not at full employment levels and there are agents who are unemployed in the model hence

representing some surplus labour.

Employee wages adjusts dynamically over time according to the following equation:

wt+1 = wt + ∆w (4.3)

As there is unemployment in the economy, initially market hires employees from the available

unemployed people so wages remain equal to the current market wage. After the number of

employees and new employees together exceed the number of unemployed, the market wage

starts to experience an upward pressure and increase. Wages experience an upward pressure

and go up by a random amount on every tick after crossing the wage sign threshold. The wage

sign threshold is determined by the number of unemployed people, according to the following

equation:

Wage.sign.threshold = (Temp − Iemp) + (Tent − Ient) (4.4)

According to expression 4.4, Temp and Tent represent the maximum number of employees and

entrepreneurs population numbers. Iemp and Ient on the other hand represents the employed

population of agents who are either working as an entrepreneur or an employee at the start of

the simulation. Hence solving for expression 4.4 gives the wage sign threshold at a given point

in time.

Hence employee wages adjusts dynamically over time according to the following equation:

wt+1 = wt + ∆w (4.5)

where

∆w = ρt ∗ (wage.stickiness)

where ρt is the pressure on the wage at time t. Pressure on wages represents the upward pressure

experienced by wages if the number of employees are more than the number of unemployed
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people then pressure on wages is positive and wage increases by a random amount on each

tick.

Another variable which enters the wage dynamics and determines how much of the pressure

on wages would be passed on to the wages is wage stickiness. Wage stickiness is an important

factor which can have an impact on the growth rate of entrepreneurship. Wage stickiness

determines how much of the pressure on wages will be passed on to the overall change in wages

(∆w). If wages are sticky (slow to adjust) then pressure on wages is not fully passed on and

wages change by a small amount. However if wages are less sticky then greater amount of

pressure on wages is passed on to the wage change.

The pressure on the wages is dependent upon the proportion of new employees in the model and

the employees which already exist. New employees are the entrepreneurs who have switched

from entrepreneurship into employment.

Pressure on wages is a function of N and can be represented as:

ρt = f(N)

where N is the sum of number of new-employees resulting from the occupational choice of

agents and the existing number of employees.

Hence wage dynamically adjusts every period according to equation 4.5. Wages next period

depend upon wages in the current period and on the change in wages which is a function of

pressure on wages and wage stickiness.

Role of Gamma

Gamma (γ) which represents the general skills/education level of an agent has an impact on

the wages earned by an agent and the land-productivity the agents can derive from land. This

section illustrates the mechanism through which γ affects the wages and land-productivity of

an individual agent.
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For employees wages and productivity obtained from land are:

wobt = γ ∗ wt (4.6)

where γ is the skill parameter of the employee and wt is the current market wage.

and productivity obtained from land will be

Mobt = γ ∗Mt (4.7)

where γ is the skill parameter of the employee and Mt is the current land-productivity.

For entrepreneurs expected-wages and productivity obtained from land are:

expwt = mean(wt.employees) (4.8)

expwobt = γ ∗ expwt (4.9)

where γ is the skill parameter of the entrepreneur and expwt is the mean of wages received by

employees.

and productivity obtained from land will be

Mobt = γ ∗Mt (4.10)

here γ is the skill parameter of the entrepreneur and Mt is the current land-productivity.

4.3 Model Experiments

One of the important steps in building an agent-based model is to is to test the sensitivity

of model’s parameters to the output levels. As per author Happe (2005) sensitivity analysis

is a form of validation technique which analyses whether the effects of inputs are in line with
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the previous knowledge about the system. For complex agent-based models there is no single

technique of analysing the model behaviour and it largely depends upon the objective of the

model. The most common technique to perform sensitivity analysis is OFAT (one factor at a

time). However for complex agent-based models this technique often is not able to capture the

effects of interactions between the output and inputs of the model (Ten Broeke, Van Voorn, &

Ligtenberg, 2016).

To be able to capture the effects of interactions and perform a detailed analysis of the agent-

based model behaviour, the experiments are run over a large range of input parameter values

presented in table 4.1. The simulation experiments are run using the BehaviorSpace experi-

ment tool which is part of the Netlogo platform (Wilensky & Shargel, 2003). BehaviorSpace

tool allows the smooth running of experiments by automatically varying parameters based on

the specified values, running simulations and also writing model output in the form of CSV

(comma-separated values) files. This process of varying model settings is referred to as pa-

rameter sweeping and this helps to observe the model space and look at combinations which

generate the behaviour under study (Wilensky & Shargel, 2003). Further, the use of metamod-

elling has been employed. Metamodelling provides a systematic way of running the simulation

experiments and also takes into account the interactions between parameters Box et al. (1978);

Kleijnen and van Groenendaal (1992). As per Happe (2005), in terms of terminology used for

simulation, a regression model is referred to as a metamodel. The purpose of the metamodel

is to establish a relationship between various model factors and senstivity (Happe, 2005).

Each experiment is run for various values of the input variables, these values are mentioned in

table 4.1. The aim of the experiment is to assess the impact of independent variables (inputs)

on the overall growth rate in entrepreneurship (output). For each experiment simulation is

repeated 10 times to account for any randomness and each experiment is run for 150 ticks.
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Variable type Variable Name Value/Range/Description

Input current-base-wage [20, 50, 80]
switching-cost-limit [8,12,16]

wage-stickiness [0.1,0.6, 1]
fixed-operating-cost (δ) [0,0.5,1]

α [ random-float 1 ]
β [ random-float 1 ]

land-unit 1
γ [ 0.2 + random-float 1 ]

land-productivity [ 10 + random 91 ]

Output percentage-growth-entrepreneurship depends on interaction of independent variables
new-ent-more-prod-patches new entrepreneurs experiencing

high land-productivity
new-ent-less-prod-patches new entrepreneurs experiencing

low land-productivity

Table 4.1: Input and Output Parameters

4.4 Results

4.4.1 Graphical Analysis

Visualisation of the input parameter to output relationship is an important part of the sensitiv-

ity analysis. After the data is obtained from the experiments, it is visualised using box-plots.

Box plots are usually a good way to visualise data generated from the agent-based model

experiments as box plots are able to summarize the distribution of the data by depicting the

median and highlight the existence of any outliers in the data (Lee et al., 2015). Results from

the box plot are often useful in identifying the subset from an underlying set of data which is

contributing significantly to the variation of output (Patel, Abbasi, Saeed, & Alam, 2018).

To examine the impact of input parameters on the output, and to study the variation in output

resulting from parameter sweeping, various box plots are plotted for different parameter values.

The box plots are presented in figure 4.1. Box-plots are presented for gauging the relationship

between input parameters of current base wages, wage stickiness, switching cost limit and delta

and the output value of the growth rate in rural entrepreneurship.

Figure 4.1 clearly indicates that the input parameters in the model exert a negative influence

upon the overall growth rate in entrepreneurship.
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Figure 4.1: Input-Output Sensitivity

As per the first box-plot which shows a relationship between current wages and the growth

rate of entrepreneurship, it can be particularly seen that as the wages increase there is a

sharp decrease in the median growth rate of entrepreneurs. This negative relationship clearly

suggests that as agents are offered better wages, they choose to work as employees rather than

as entrepreneurs. This result also sheds light upon the very nature of rural labour markets,

where often wages are low, and there are a few employment opportunities hence individuals

often are pushed into entrepreneurship. The second box-plot shown in figure 4.1 also shows a

negative influence of wage stickiness on the growth rate of rural entrepreneurship. This result
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suggests that when wages are able to adjust upwards quickly, then in that scenario, agents are

able to realise higher utility from employment and hence prefer to choose employment over

entrepreneurship.

The third box-plot in figure 4.1 shows a negative relationship between the switching-cost-

limit and the growth rate of entrepreneurship. Switching costs were defined earlier in this

chapter (see section 4.2.2). This result is intriguing as this suggests that even when agents

are able to bear higher switching costs to change their occupation, they stay put in their

current occupation. Thus indicating that higher switching costs thus act as a deterrent and

prevents agents from changing their occupation. The last box-plot shown in figure 4.1 clearly

shows a negative impact of higher operating costs on the growth rate of entrepreneurship.

This is a situation which is often faced by rural entrepreneurs, as often due to infrastructural

shortages and their distance from the urban centres adds to their costs of running their business.

Higher operating costs often depress the profits generated by such businesses and hence prevent

individuals from pursuing entrepreneurship.

Another interesting result which emerges from the sensitivity analysis output measure is the

role of land-productivity. The output shows that agents experiencing higher land-productivity

are more likely to switch into entrepreneurship as compared with agents who are experiencing a

lower amount of land-productivity. This result highlights the importance of land-productivity

and its role in promoting entrepreneurship. In the static model given the assumption that land

is the only factor of production in the model, hence land-productivity plays a significant role,

this implies that if this assumption is relaxed and rural entrepreneurs employ more factors of

production, then factor productivity/productivity can play an important role in encouraging

entrepreneurship in the rural context.

Experiment results for land-productivity are further presented using box-plots. A compar-

ison box plot 4.2 is presented. This box-plot compares the number of new entrepreneurs

on more productive land patches versus the number of new entrepreneurs on less productive

land patches. The plot indicates that there are significantly higher number of median new

entrepreneurs on more productive land-patches in comparison with land patches which expe-

rience lower productivity. As per the box plot, at a wage rate of 20 the median number of
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Figure 4.2: BOX-PLOT- Comparisons High Vs Low land productivity

entrepreneurs are about 60 for high productivity plots and about 20 for low productivity land

plots. This shows that land-productivity plays an important role in encouraging entrepreneur-

ship in rural areas.

4.4.2 Metamodel Analysis

In order to obtain statistical conclusions about the impact of input parameters a multivari-

ate regression model is applied to the data obtained from the simulation experiments. The

simulation experiments for the agent-based models were run in the NetLogo platform. The

experiments produced a significant volume of data. After the data is obtained from running

experiments in the BehaviorSpace tool of Netlogo, data analysis is performed using multivari-

ate regression analysis. Multivariate regression is a good tool to analyse the partial impact of

independent variables on the dependent. The advantage of using multivariate regression anal-

ysis is that it helps to identify which factors play a significant role in influencing the overall
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growth rate in rural entrepreneurship. Authors such as Happe (2005) have employed the use

of multivariate regression to assess the data generated from the experiments.

Before the multivariate regression is run, the correlations of variables to the percentage growth

in entrepreneurship (output) are observed to see if their correlations follow the expected signs

and thereby indicate the model behaviour and predictions. The results from correlation analysis

are presented in table 4.2.

Variable Name Correlation values Expected correlation sign

current-base-wage -0.72 Negative

switching-cost-limit -0.06 Positive

wage-stickiness -0.16 Negative

delta -0.06 Negative

Table 4.2: Correlations

The correlations indicate that all the variables in the agent-based model of occupational choice

in a rural context have a negative impact on the growth rate of entrepreneurship. With the

exception of switching-cost limit, the sign of the correlation coefficients is in line with expec-

tations. Market wages have a negative correlation with the growth rate in entrepreneurship

because higher are the wages, the higher would be the utility and expected utility which agents

can obtain from employment, hence in this occupational choice model, the agents would choose

employment over entrepreneurship. The second variable is the switching-cost limit which rep-

resents the maximum amount of switching-cost an agent is able to bear. The interesting part

of the correlation sign is that its negative, however it was expected to be positive. This result

implies that even when agents can bear higher amounts of switching-costs, after they have

stayed in an occupation choice for a long time they no longer want to switch their occupa-

tion. This also implies that higher costs of switching occupation is an important factor in

determining the growth rates of entrepreneurship. Higher switching-costs prevent agents from

switching their occupation even though rationally agents are able to obtain a higher amount

of utility from another occupation. Wage stickiness is also negatively correlated with growth

rates of rural entrepreneurship. Wage stickiness is an indicator of how quickly the wages in
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the labour market are able to adjust. A higher wage stickiness coefficient indicates that wages

are quickly able to adjust and all of the pressure on wages is passed onto the change in wages,

causing wages to go up. Higher wages reduce the utility obtained from entrepreneurship hence

have a negative correlation with growth in entrepreneurship. The last variable which has a

negative correlation with growth in entrepreneurship is the fixed operating cost of the business.

This is fairly intuitive as often higher operating costs reduce the utility an agent obtains from

entrepreneurship hence making it less desirable in comparison with employment.

Coefficients:
Regression Estimates:

Agent-Based Model

(% growth entrepreneurship)

(Intercept) 183.27∗∗∗

current-base-wage −1.93∗∗∗

switching-cost-limit −1.18∗∗

wage-stickiness −28.32∗∗∗

delta −9.5∗∗

Significance codes: p < 0.001∗∗∗, p < 0.01∗∗, p < 0.05∗

Table 4.3: Multivariate Regression Results

The results of the multivariate regression analysis are presented in table 4.3. Multivariate

regression results assess the impact of variables in the agent-based model on the percentage of

growth rate in entrepreneurship. The results indicate that current base wage and wage stick-

iness have the largest negative impact on the growth of entrepreneurship in the model. This

result is intuitive as lower wages make entrepreneurship more attractive and higher wages and

the ability of wages to quickly adjust upwards due to market pressure results in higher utility

being generated by employment hence causing agents to choose employment over entrepreneur-

ship in this occupational choice model. There emerges a negative relationship between wage

rate and the percentage growth in entrepreneurship. This result also highlights the fact that

lower wages in the rural labour market which is a characteristic of the rural labour markets

in the UK can act as a push factor for the agents to choose entrepreneurship. This is usually
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the case in rural areas where individuals are often pushed into entrepreneurship due to lack of

other employment opportunities or the presence of low paying jobs.

In addition delta which is the fixed operating cost of running a business in the model has a

negative impact on the growth rate in entrepreneurship. This is particularly important for

rural businesses as they face higher costs of running the business due to the nature of rurality.

They face higher costs on different fronts such as transportation, supply-chain management

and sourcing inputs. Higher costs often have an impact on the profitability that a business

generates. Lower profitability of a business can often deter individuals from becoming en-

trepreneurs. In general the results indicate that higher costs of running a business is often an

impediment in the growth rate of entrepreneurship in rural areas.

Switching-cost limit also has a negative impact on the overall growth rate in entrepreneurship.

This implies that when the switching cost is high agents no longer want to switch their oc-

cupation. Also suggesting that the longer an agent has stayed in an occupation, the inertia

prevents them fro switching into another occupation.

4.4.3 Analysing Interactions

As agent-based models are non-linear in nature, it is imperative to assess the impact of in-

teractions between input variables on the model output. Analysing the interaction between

variables is important as it highlights the impact of non-linearity in the model. To assess the

impact of interactions between variables on the model output, multivariate regression analysis

is used and all significant interactions are noted. For visualizing the results of these interac-

tions, interaction plots are used to see the impact of interactions on the output.

The results of the interaction between the variables are presented in table 4.4.
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Response variable Ri
Factors

Factors x1 x2 x3 x4
current-base-wage (x1) −1.93∗∗∗ 0.004 0.45∗ −0.003
switching-cost-limit(x2) −1.18∗∗ −2.06 −0.14

wage-stickiness (x3) −28.32∗∗∗ 5.6
delta (x4) −9.5∗∗

Significance codes: p < 0.001∗∗∗ p < 0.01∗∗ p < 0.05∗

Table 4.4: Interaction Effects

Figure 4.3: Interaction Plot - Current wages and wage stickiness

The interaction which is significant here is between current base wage and wage stickiness. The

interaction sign is positive which suggests that at lower wages, lower is the amount of wage

stickiness, less is its impact upon growth rate in entrepreneurship. Figure 4.3 depicts this

interaction. Higher amounts of wage stickiness prevents wages from rising upwards quickly,

hence agents are able to gain higher utility through their occupation as an entrepreneur.
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4.5 Partially Connected Network Model

4.5.1 Model Setup

The occupational choice agent-based model is extended further to study the impact of net-

working amongst agents when they are partially connected in a random network setting. The

aim is to study the impact of networking and highlight the impact of isolation on the growth

rate of entrepreneurship in rural areas. In the agent-based model, agents are connected to

each other in a random network. This network is not a fully connected network and therefore

some agents are still isolated and do not form a part of the network. Isolation reflects the

challenges faced by entrepreneurs who are located in sparse rural areas and often struggle with

networking opportunities. In the model all agents who are connected in a network, start off

with some information and knowledge. They then share a proportion of their information

and their knowledge with other agents who are connected to them. Agents learn through

these connections and expand their knowledge and information which can help them learn new

ways to run a business, or utilise factors of production efficiently and hence overall be able

to improve the productivity they derive from land and realize higher utility obtained through

entrepreneurship.

In the model agents are connected in a random network, they form links with their neighbours.

The number of connections an agent can have with other agents is decided by connections per

node slider, agents can have links between 1 and 3. The model design allows agents to form

links between 1 and 3 to capture the effects of scenarios where agents have low, medium and

high amount of links. This is captured by values between 1 and 3 where 1 represents low

number of links, 2 medium and 3 high amount of links. Adding links beyond 3 increases

the simulation run time and is unnecessary for the model scenarios as its fully captured by

links between 1 and 3. Hence the links are restricted between 1 and 3. Each agent learns

and improves their knowledge through interaction with other agents which is represented by

variable omega ”ω”. There is another variable called ability to learn which determines the

ability of each agent to learn and is distributed randomly between 0 and 1 following a uniform

distribution.This implies if an agent has learning ability close to 1 then they would learn faster
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than an agent whose ability is closer to 0. Another parameter which determines the amount

of knowledge learnt from a connection is called info-sharing. Each agent only shares about

5% of the knowledge it has with its connecting agent. This model assumption restricts the

knowledge sharing to about 5% only to restrict the model from reaching unusually high values

as the simulation is run and outstripping other values in its course, which can lead to spurious

results. Omega is the knowledge which is gained by an agent through interaction in a network.

If an agent is not connected to another agent, their omega is 0. However agents who are

connected have a value of omega randomly distributed between 0 and 1. Once connected to

each other they share their knowledge with other agents, and agents omega value increases

overtime.

To learn from each other agents form links with other agents. The number of other agents which

they connect with depend upon the connections per node slider value. The connections per

node vary between 1 and 3. In the process of learning through networks agents communicate

omega to other agents. They learn according to the following equation:

κ = θ ∗ ι ∗
∑

ωlink−neighbors (4.11)

In equation 4.11, κ is the coefficient of learning, θ is the agents learning ability, ι is the

information percentage shared by neighbour agents.
∑
ωlink−neighbors is the sum of omega of

the agents which are linked to a particular agent in a network. Each agent calculates their

coefficient of learning and adds its value to their own existing ω. Agents learn very quickly

through each other however the value of omega is restricted to 1, this is the maximum amount

agents learn from each other. ω updates according to equation 4.12

ωt+1 = (κ+ ωt) (4.12)

After the model is setup, experiments are run using the BehaviorSpace tool for various values of

the independent variables presented in table 4.5 to assess their impact on the overall growth in

entrepreneurship. In the informal networking model, results are compared for agents entering
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entrepreneurship who are connected in a network against agents who enter entrepreneurship

but are isolated. These results aim to highlight the impact of networking on the number of

new entrepreneurs entering the rural labour market.

Variable type Variable Name Value/Range/Description

Input current-base-wage [20, 50, 80]

switching-cost-threshold [8,12,16]

wage-stickiness [0.1,0.5, 1]

delta [0,0.5,1]

connections-per-node [1,2,3]

α [ random-float 1 ]

β [ random-float 1 ]

land-productivity [ 10 + random 91 ]

γ [ 0.2 + random-float 1 ]

Output percentage-growth-entrepreneurship depends on interaction of independent variables

Table 4.5: Parameter Space - Model Experiments

4.6 Results

After running experiments in NetLogo using the BehaviourSpace tool. The data obtained

is analysed using multivariate regression analysis. The experiments are repeated 10 times

to account for any randomness which is usually present in agent-based models. To analyse

data from sensitivity analysis multivariate regression is used as it is able to highlight how the

independent variables have an impact on the overall growth rate in entrepreneurship. As agent-

based models are mostly based on non-linear interactions of variables hence it is imperative to

include interaction terms in multivariate regressions. The interaction terms are able to identify

how the interaction between two independent variables is influencing the dependent variable

which is the overall percentage growth in entrepreneurship in this case.

The results of the correlations of variables to percentage growth in entrepreneurship are pre-



4.6. RESULTS 85

sented in table 4.6. In this extension of the agent-based model which focusses on the im-

portance of networking, according to table 4.6 the correlation between percentage growth in

entrepreneurship and connections per node, is positive. This suggests that an agent who has

more connections is ultimately able to benefit from the knowledge and information acquired

through networking with other agents.

Variable Name Correlation values Expected correlation sign

current-base-wage -0.39 Negative
switching-cost-limit -0.03 Positive

wage-stickiness -0.18 Negative
delta -0.04 Negative

connections-per-node 0.15 Positive

Table 4.6: Correlations - Informal Networks

Coefficients:
Regression Estimates:

Agent-Based Model

(% growth entrepreneurship)

(Intercept) 135.5∗∗∗

current-base-wage −1.15∗∗∗

switching-cost-limit −0.74

wage-stickiness −34.77∗∗∗

delta −7.55∗

connections-per-node 12.69∗∗∗

Significance codes: p < 0.001∗∗∗, p < 0.01∗∗, p < 0.05∗

Table 4.7: Multivariate Regression Results

The results of the multivariate regression analysis are presented in table 4.7. The results

suggest that connections per node has a positive and significant impact on the percentage

growth of entrepreneurship. This result highlights the importance of networking for rural

entrepreneurship. Networking encourages agents to take on entrepreneurship as they improve

their knowledge through networking which allows them to use efficient methods to improve

their land productivity, adopt better techniques to manage their business and learn about

resources which help them to set-up a business.
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Response variable Ri

Factors

Factors x1 x2 x3 x4 x5

current-base-wage (x1) −1.15∗∗∗ 0.01 0.19 −0.01 0.24∗∗∗

switching-cost-limit(x2) −0.74 −2.97∗∗ −0.03 0.99∗∗∗

wage-stickiness (x3) −34.77∗∗∗ −2.08 16.55∗∗∗

delta (x4) −7.55∗ 15.33∗∗∗

connections-per-node (x5) 12.69∗∗∗

Significance codes: p < 0.001∗∗∗ p < 0.01∗∗ p < 0.05∗

Table 4.8: Interaction Effects

Table 4.8 presents the results of the interaction between variables on the overall percentage

growth of rural entrepreneurship. Interaction of connections per node with all other inde-

pendent variables is positive and significant. The interaction between wage stickiness and

connections per node is significant and positive, and has a substantial impact on the overall

growth rate in entrepreneurship. This suggests that even when wages are quickly able to adjust

and put an upward pressure on wages, agents who are networking and have a high number

of connections with other agents still realise a greater utility and expected utility from en-

trepreneurship in comparison with agents who are working as employees. This effect implies

that there would be less agents who would switch out from entrepreneurship to employment

in such a scenario. Moreover agents will still keep switching into entrepreneurship making a

positive impact on the overall growth in entrepreneurship. Further the interaction between

delta and connections per node is positive and significant, this implies that when agents have

a high number of connections, the knowledge gained through interactions is enough to im-

prove their land-productivity which dampens the effects of a high operating costs. Figures 4.4

and 4.5 show the interaction plots between the variables and their impact on the growth of

entrepreneurship.
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Figure 4.4: Interaction Plot

Figure 4.4 shows the interaction plot between wage stickiness and connections per mode.

The interaction plot suggests that when wages are less sticky i.e. at higher values of wage

stickiness, the upward pressure on wages has a lower impact when agents have a higher number

of connections. This interaction result highlights that informal network connections can be

useful for encouraging entrepreneurship in rural areas.
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Figure 4.5: Interaction Plot

Figure 4.5 shows the interaction plot between delta (fixed operating cost) and connections per

node. The interaction plot highlights that higher operating costs are less of an impediment

to the percentage growth in entrepreneurship when agents have a higher number of informal

connections. This result again highlights the importance of rural networking.
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Figure 4.6: BOXPLOT Comparison New Entrepreneurs Networking Vs Isolated

Box-plot 4.6 compares the results of new entrepreneurs who are networking and new en-

trepreneurs who are isolated. The box-plot highlights the fact that agents who are networking

are more likely to switch into entrepreneurship because of the extra knowledge they acquire

through interactions. On the other hand isolated agents miss out on such networking opportu-

nities and hence are less likely to become entrepreneurs. Box plot highlights that the median

number of new entrepreneurs is higher at all wage values when agents are networking and form

connections however the median number of entrepreneurs is much lower when agents are not

networking and find themselves isolated.

4.7 Agent-Based Model Validation

The aim of this section is to validate the agent-based model constructed in this chapter. Model

validation is the process which determines whether the underlying model is able to explain the

real world phenomenon (Wilensky & Rand, 2015). The model will be macrovalidated with the

available data points which would be discussed in the next section. Macrovalidation allows the
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comparison of models emergent properties to correspond to aggregate properties in the real

world (Wilensky & Rand, 2015).

Data

Data for agent-based model validation is collected from various sources. The variables for

which the data is obtained in the agent-based model are employees wages, land-productivity

and operational costs of the business. For operational costs, as these costs vary according to

the business type and general cost data is unavailable it is assumed that agents incur zero

operational costs except rental cost. Rental cost data proxies the fixed operating costs of the

business. These are the important factors which determine the overall impact on the growth

rate of entrepreneurship in the occupational choice agent-based model.

The employee wage data is obtained through ’Nomis’ which is the database for official labour

market statistics for the ONS (Office for National Statistics). ONS annual survey of hours and

earnings - resident analysis, is used to obtain weekly earnings data for Great Britain from the

period of 2002 - 2017. This data gives the median of earnings in pounds for employees living in

that area. The data is useful as it gives an estimate of wages earned by employees, further this

data can be obtained regionally and used to do case study analysis. Another data set which

is used for land-productivity data is the DEFRA agriproductivity dataset. In this dataset

productivity of land data is available from 1973-2017. These data points have been used for

fitting the agent-based model. Lastly the rental cost data is used, the data is taken from Farm

Business Survey rent data for England by farm type from 2001 to 2016. The data comprises of

rental costs of all farms by rent per hectare. As it is assumed that all agents rent one hectare

of land in this fitted model, hence this data serves well for the model. For further model

verification, data for the output which is the percentage growth rate in businesses is required.

This data is obtained from Office for National Statistics website. It is the business demography

data which comprises of an annual data on births, deaths and survivals of businesses in the

UK, by geographical area and Standard Industrial Classification 2007: SIC 2007 groups.
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Model Experiments

To test the validity and verify the results of the agent-based model the available data discussed

above is used to run the model experiments. The aim is to verify the impact of independent

variables on the dependent variables. A few assumptions are made in order to set-up the

model with the available data. As data for overall operational costs of land based businesses

is dependent on the type of business and there is no general cost data. The model assumes

that all operational costs are zero and the cost of running the business only involves rental

cost. All agents are assumed to rent 1 hectare of land and rental cost data per hectare of land

is used as the cost variable (δ) in the model. The rental cost per hectare are scaled to fit the

model proportions so that it doesn’t outstrip other variables and parameters in the model and

generate vague results.

The next model variable which is set-up using data is the wages which employees earn. The

wage data is taken from the ONS annual survey of hours and earnings - resident analysis.

Gross weekly pay estimates for Great Britain from year 2002- 2017 have been used as data

points for wages. The data is scaled to fit the model so that it doesn’t outstrip other variables

and parameters in the model and produces vague results. In addition land-productivity data

is also set-up in the model using land productivity data from the Total factor productivity

dataset by DEFRA. The period ranges from 1973-2017.

These variables inputs are obtained using the data from the available sources. Experiments

are run using the BehaviorSpace tool in the NetLogo framework. The variables are assigned

values using the data sets. This data from the parameter sweeping is then analysed using

multivariate regression analysis (metamodel) to study the impact of independent variables on

the overall percentage of growth rate in entrepreneurship. The aim of this validation is to test

that model produces similar results with real data as it produced without these values.

Using BehaviorSpace of NetLogo, the model is run for various values of variables. The differ-

ent variable values used in the experiment are shown in table 4.9. The experiment is repeated

10 times to account for any random variations. The experiment results in a large volume of

data which is then analysed using multivariate regression to study the impact of various vari-
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ables on the percentage growth rate in entrepreneurship. The aim of performing experiments

on the model is to verify that impact of independent variables on the percentage growth in

entrepreneurship is the same as for the previous models.

Variable type Variable Name Value/Range/Description

Input current-base-wage [65,70,85,90,110]

switching-cost-limit [8,12,16]

wage-stickiness [0.1,0.6,1]

delta [8.5,9.6,10,14.8,16.2]

α [ random-float 1 ]

β [ random-float 1 ]

land-productivity [ 78 + random 33 ]

γ [1]

land-unit [ 1 ]

Output percentage-growth-entrepreneurship

Table 4.9: Input Parameters and Output - Behaviour space Experiments

Results

Coefficients:
Regression Estimates:

Agent-Based Model

(% growth entrepreneurship)

(Intercept) 289.73∗∗∗

current-base-wage −2.11∗∗∗

switching-cost-limit −0.66

wage-stickiness −38.63∗∗∗

delta −5.02∗∗∗

Significance codes: p < 0.001∗∗∗, p < 0.01∗∗, p < 0.05∗

Table 4.10: Multivariate Regression Results- Real Data Fitted Model

The results for the multivariate regression analysis are presented in table 4.10. According to the

results all the variables have the same impact on the growth rate of rural entrepreneurship as
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the previous models. Wages exert a negative impact on the growth rate of rural entrepreneur-

ship. This is in line with the results derived earlier (see table 4.3) , as higher wages reduce

the utility an agent derives from entrepreneurship and hence they choose employment over

entrepreneurship. Also lower wages act as a push factor and encourage agents to choose en-

trepreneurship hence highlighting the negative relationship between wages and growth rate of

entrepreneurship.

In addition δ which is the fixed operating cost of the business which has been proxies for as

rental cost, exerts a negative impact on the overall percentage growth in entrepreneurship.

This result implies higher are the costs of operation, lesser would be the utility an agent can

derive from their entrepreneurial occupation hence making it a less attractive occupation of

choice. Switching-cost limit is also negative suggesting the fact the longer an agent has stayed

in an occupation, the harder it gets them to switch into another occupation, as there are

opportunity costs, inconveniences and risks involved in occupation switch. These results from

the real data input models are in line with the previous models, suggesting that agent-based

models are accurately predicting the impact of independent variables on the dependent variable

which is percentage growth in entrepreneurship in the model.
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Figure 4.7: Percentage growth entrepreneurship- High Vs Low Land productivity

Figure 4.7 further shows the results of the impact of land-productivity on the overall per-

centage growth in entrepreneurship. The results from the model are in line with the pre-

vious agent-based models, which suggest that land-productivity is positively associated with

the growth rate in entrepreneurship. Figure 4.7 compares the growth rate of entrepreneurs

which have higher land-productivity as compared to the growth of new entrepreneurs with low

land-productivity. Agents who experience higher land-productivity are able to derive higher

amount of utility from entrepreneurship and hence choose entrepreneurship as their occupation

of choice. In this agent-based model as land is the only factor of production, this implies that

if this assumption is relaxed where land is the only factor of production. This result implies

that total factor productivity/productivity is an important determinant for the growth rate of

rural entrepreneurship.

Further the results of land-productivity for the model are in line with previous model providing

a validity for the models. The results improve the confidence in the model predictions by

verifying them.
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Model Validation to Output data

Output data which is used to validate the rural entrepreneurship agent-based model is obtained

from the Office for National Statistics website. It is the business demography data which com-

prises of an annual data on births, deaths and survivals of businesses in the UK, by geographical

area and Standard Industrial Classification 2007: SIC 2007 groups. For the agent-based model

validation, output data from East of England region is studied from 2010-2016. East of Eng-

land sample has been used as this region perfectly captures the rural entrepreneurship as it is

this region whose economic structure is dominated by the agricultural sector hence capturing

the agents under question. Business growth rates per year are calculated from year 2010 up

until 2016. To validate the model against these growth rates per year, experiments are run for

the agent-based model in the NetLogo platform using the BehaviorSpace tool. Experiments

for sensitivity analysis comprise of various different values of parameter space. The aim of this

validation is to see under what values of the parameter space the output values hold true. The

parameter space under which various values of the output hold true is able to highlight the

characteristics of low, medium and high growth rate of entrepreneurship. These characteristics

further have important policy implications.

Year Business

Growth %

Wages Switching-

cost-limit

Wage-

Stickiness

Delta

2010-11 10.4% 76 12 0.4 12.5

2011-12 1.6% 87 10 0.4 12.5

2012-13 28.6% 87 16 0.6 8.5

2013-14 0.8% 87 10 0.4 12.4

2014-15 8.7% 76 8 0.1 12

2015-16 28.1% 65 12 0.6 12.5

Table 4.11: Experiment results: Region: East of England

Table 4.11 shows the results of model validation. The results from the parameter space suggest

that when comparatively lower business growth rates are observed, as for periods between 2011-

12 and 2013-14. The average wage rates are at a medium level, wage stickiness level is also at a
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medium level, fixed operating costs are medium and the switching-cost levels are high. When

comparatively medium businesses growth rate are observed, as for periods between 2010-11

and 2014-15, at that point, the parameter space indicates that low level of wages are observed,

the switching cost limit is at a medium level, wage stickiness level is low whereas the fixed

operating costs are at a medium level. At high business growth rate levels, as for periods

2012-13 and 2015-16 parameter space indicates that the wage levels are low, the switching cost

is high whereas wage stickiness and fixed operating costs are at a medium level.

The model is able to replicate the actual growth rates observed in East of England for the

given values of the respective variables in table 4.11. This macrovalidation provides confidence

in the model behaviour and results. The pattern observed in the parameter space is able to

confirm the pattern of results obtained by the actual model.

4.8 Discussion

The aim of this chapter was to build an agent-based model which is able to shed light upon

the factors which drive and support entrepreneurship in rural areas. The results from the

model were interesting and have highlighted the impact of various factors on the growth rate

of entrepreneurship. The aim of this section is to discuss the various results obtained in this

chapter.

The results from the model suggested that in this occupational choice model setting, land-

productivity was a significant driver of the growth rate of entrepreneurship. Since land and

labour were assumed to be the only two factors of production in the model, this result implies

that if this assumption is relaxed then total factor productivity acts as an important driver of

rural entrepreneurship. As per the report by (Department for Environment, Food and Rural

Affairs, 2019b) total factor productivity is an important driver of land-based rural businesses.

Additionally authors such as Salas-Fumás et al. (2014), Agarwal et al. (2009), Webber et al.

(2009) in their research have found a positive association between the level of productivity

and the growth rate of entrepreneurship. The model also revealed a negative relationship

between the growth rates of entrepreneurship and the following variables: wages, wage sticki-
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ness, switching cost limit and delta. The results for these variables have been discussed in the

previous section (4.4). Often rural labour markets offer low wage levels and less employment

opportunities in comparison with urban labour markets. As per Hodge et al. (2002) low pay

is one of the characteristics which defines rural labour markets. In their occupational choice

model the authors (Kanniainen & Vesala, 2005) found that lower wages also reduce the prob-

ability of agents in finding a job and hence has a counter-effect of pushing agents towards

entrepreneurship. Similarly Modrego et al. (2017) also found a negative effect of wages on the

supply of entrepreneurs in their occupational choice model. Higher wages in the labour market

often increase the opportunity cost of entrepreneurship hence exerting a negative influence

upon the supply of entrepreneurs (Modrego et al., 2017).

The model also found that higher operating costs of business had a negative impact on the

overall growth rate of entrepreneurship. Due to their location, rural businesses often experience

higher costs of operating. Distance from urban areas adds to their transportation costs for

both inputs and outputs which often prevents businesses from achieving economies of scale

(Stathopoulou et al., 2004). Higher costs reduce the utility derived by agents from their

occupation as an entrepreneur and hence becomes a reason for agents to look for alternative

occupations.

Another interesting result which emerged from the agent-based models was the negative im-

pact of switching cost upon the growth rate of entrepreneurship. The results suggested that

even when agents could afford to bear higher costs of switching occupation, they decided not

to switch their occupation implying that often higher switching costs prevent agents from pur-

suing their desired occupation. This thesis followed definition of S. C. Parker (2009) to define

switching costs (see section 4.2). Switching costs which represent lost sector specific experi-

ence, cost of raising capital and the cost of re-training, specifically have a greater impact on

individuals residing in rural areas as compared with urban areas. This because often individu-

als find it hard to raise finance in rural locations Frontier Economics (2014); Faggio and Silva

(2014) and often face either lack of training opportunities or limited availability of training

institutions (Turner, 2014).

Lastly the chapter extended the agent-based model to study the impact of informal networking
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on agents when agents formed connections with each other in a partially connected network

structure. Since the network structure offers partial connections, hence it is able to capture

the effects of isolation on the growth rate of entrepreneurship. The results from the model

highlight that the number of connections an agent has with other agents has a positive impact

on the overall growth rate in entrepreneurship in the economy. Small rural businesses benefit

from networking opportunities as networks help businesses in knowledge exchange and pursuing

innovation Frontier Economics (2014), Stathopoulou et al. (2004), Minniti (2005). Information,

knowledge and resources which are acquired through networking often enable entrepreneurs

to overcome constraints faced due to rurality and hence overall facilitating the process of

entrepreneurship (Chell & Baines, 2000). The model revealed that the overall percentage

of entrepreneurs was higher in the economy when agents were networking, highlighting the

importance of networking for rural entrepreneurs.



Chapter 5

Policy

5.1 Introduction

Around the world in many nations supporting SME’s (small and medium enterprises) has

become an important agenda for government policies Huggins and Williams (2009); Mole et

al. (2011). In the UK policy-makers often provide tailor made business support for rural

enterprises D. Anderson et al. (2005); Smallbone et al. (2003) as often rural areas face different

barriers in comparison with urban areas. Due to their location, rural enterprises often face

barriers such as reduced market demand, skilled labour shortages and limited access to support

services, which often inhibit the growth of such enterprises. Hence policy-makers must address

these rural specific issues when designing policies to support rural enterprises (Lyee & Cowling,

2015).

The aim of this chapter is to address the role of policies which encourage and support rural en-

trepreneurship in the UK. Policies usually have a significant impact in influencing the decisions

made by entrepreneurs and some specifically targeted policies can be helpful in supporting re-

gional entrepreneurs in rural areas. The aim of this chapter is to test various scenarios and

conduct experiments using the agent-based model developed in chapter 4 and highlight which

policies can be tailored specifically towards encouraging rural entrepreneurship. This chapter

is structured as follows: in section 5.2 the chapter begins by looking at the impact of changes

99
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in the endogenous variables in the occupational choice static model developed in chapter 3 to

determine the appropriate policies which can be suitably tested in the model. This is followed

by section 5.3 which focusses on policy scenario testing and describing how these scenarios are

applied in the agent-based model. Section 5.4 describes the policy experiments and results for

the experiment are presented in section 5.5. The next section (section 5.6) discusses the policy

implications and recommendations followed by section 5.7 which concludes the chapter.

5.2 Policies for Testing

This section aims to determine the suitable policies which need to be tested using the agent-

based models, starting out with their impact upon endogenous variables of the occupational

choice model (static model) developed in chapter 3. In the occupational choice model, util-

ity derived by an entrepreneur is important when considering policies that encourage rural

entrepreneurship, because changes in the utility of an entrepreneur would influence their oc-

cupational choice decision. If policies had a positive impact on the utility obtained from

entrepreneurship, it would make entrepreneurship an attractive occupation and hence could

have a positive impact on the growth rate of rural entrepreneurship.

Equation 5.1 represents the utility of an entrepreneur from the static model presented in

chapter 3. It is a Cobb-Douglas utility function of consumption and leisure where β and

(1 − β) are positive and describe the preferences of the entrepreneur (Varian, 2014). The

optimal consumption and leisure values, which were derived in chapter 3 by maximising the

utility function are presented in equation 5.2 and 5.3. These values of optimal consumption

and leisure are further substituted into the utility function in equation 5.1 and the optimal

utility derived by an entrepreneur is presented in equation 5.4. In equation 5.4, Mt is the land-

productivity, Kt is the number of units of land owned by the entrepreneur. And δ represents

the fixed operating cost incurred by the entrepreneur for carrying out business operations.

Ue = CβetL
1−β
et (5.1)
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C∗
et = β(KtMt − δ) (5.2)

L∗
et =

(1− β)(KtMt − δ)
Mt

(5.3)

U∗
e = (β(KtMt − δ))β[

(1− β)(KtMt − δ)
Mt

]1−β (5.4)

According to equation 5.4, the variables which can have an impact on the utility obtained by

an entrepreneur are Mt (land-productivity), Kt (number of land-units owned) and δ (fixed

operating cost). A comparative statics approach is further employed to explore the impact of

changes in these variables on the utility obtained by an entrepreneur.

5.2.1 Comparative Statics

A comparative statics approach enables an assessment of the impact of changes in various

endogenous variables on the consumption and leisure of the entrepreneur and how these changes

will have an impact on their overall utility.

Changes in Mt, Kt and δ can affect the consumption and leisure of an entrepreneur. The

optimal consumption of an entrepreneur as derived in chapter 3 (see section 3.3) is presented

by the following equation:

C∗
et = β(KtMt − δ) (5.5)

Similarly, the optimal leisure of the entrepreneur is presented by the following equation:

L∗
et =

(1− β)(KtMt − δ)
Mt

(5.6)

5.2.2 Change in land-productivity

In the first scenario, a policy which can have an impact upon the land-productivity observed

by an agent is considered. In the static framework, the comparative statics analysis gives the
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following results for changes in land productivity on an entrepreneurs consumption.

∂C∗
t

∂Mt
= βKt (5.7)

For equation 5.7 to be positive, β > 0 and Kt > 0 , both these conditions hold true because

β which is the Cobb-Douglas preference parameter is positive, as its value lies between 0 and

1 and Kt which is the number of units of land owned by the entrepreneur. Since one of the

assumptions of the static model is that all agents are endowed with at-least one unit of land

each hence Kt is positive because every agent possess one unit of land.

Next the same comparative statics analysis is done for observing the impact of change in

land-productivity on the leisure of the entrepreneur.

∂L∗
t

∂Mt
=

(1− β)δ

M2
t

(5.8)

Equation 5.8 is positive under the following conditions, (1 − β) is positive as 0 < β < 1 and

δ > 0. As δ is the fixed operating cost hence its always positive. Also M2
t > 0 , as square of a

term mathematically is always positive.

Hence equations 5.7 and 5.8 imply that any changes in land-productivity should bring about

a positive impact on the utility of the entrepreneur if the conditions stated hold true.

5.2.3 Change in land holdings

In the next scenario, there is a focus on the change of the number of units of land an agent

holds. Policies which have an indirect impact through the number of land-units held by an

agent can influence entrepreneurship in rural areas. In the occupational choice static model it

was assumed that every agent holds one unit of land. The impact on change of land holdings

is observed through consumption and leisure of the entrepreneur.

The comparative statics analysis gives the following results for changes in land holdings on an

entrepreneurs consumption.
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∂C∗
t

∂Kt
= βMt (5.9)

Equation 5.9 is positive when 0 < β < 1 and Mt > 0. Since β is the preference parameter of

the entrepreneur hence it is positive.

Next the same comparative statics analysis is done for observing impact of change in land

holdings on the leisure of the entrepreneur.

∂L∗
t

∂Kt
= 1− β (5.10)

Equation 5.10 is positive when 0 < β < 1.

Equation 5.9 and 5.10 imply that an increase in land holdings will have a positive impact on

the leisure of the entrepreneur if the given conditions hold true.

5.2.4 Change in Operating costs

Depending on the market conditions, operating costs of running a business can vary. Policies

can have a significant influence upon operating costs of a business hence it is imperative to

see the impact of changes in operating costs on the utility derived by an entrepreneur. In this

section an impact of changes in operating costs is observed. A change in operating costs can

impact the overall utility an entrepreneur derives from their occupation.

The comparative statics analysis gives the following results for changes in operating costs on

an entrepreneurs consumption.

∂C∗
t

∂δ
= −β (5.11)

As β is the preference parameter of the entrepreneur which is positive. Equation 5.11 high-

lights that changes in operating costs could have a negative impact on the consumption of an

entrepreneur.
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Next the same comparative statics analysis is done for observing impact of change in operating

costs on the leisure of the entrepreneur.

∂L∗
t

∂δ
=
β − 1

Mt
(5.12)

From equation 5.12 it can be gathered that since 0 < β < 1 and Mt > 0. Hence a change in

the operating costs could negatively impact the leisure of the entrepreneur.

5.3 Scenario Testing: Agent-Based Model

Agent-based models serve an excellent tool for conducting policy experiments and recently

have been gaining popularity in the literature. Due to the flexibility offered by agent-based

models (ABM’s) in terms of the assumptions made regarding the behaviour and interaction of

agents, they serve as an excellent virtual laboratory to conduct policy design and experiments

(Fagiolo & Roventini, 2012). For the purposes of this thesis various policy experiments are

designed in an agent-based framework to assess the impact of policy on rural entrepreneurship.

After observing the impact of changes in variables of the static model through the comparative

statics approach, it is imperative to study the impact of these changes in the endogenous

variables in the dynamic framework. To do so, various policy scenarios are tested in the

agent-based model constructed in chapter 4. The purpose of the agent-based model here is to

explore the impact of various policies on the growth rate of entrepreneurship in rural areas.

Policies which are conducive to the growth rate of rural entrepreneurship must be encouraged

to support rural entrepreneurs who act as an engine of economic growth. Different scenarios

are tested in the agent-based model and the outcome of each scenario is used to determine the

policy prescriptions which would improve entrepreneurship in rural areas.

Recap: Agent-Based Model Setup

Although the agent-based model set-up has been previously described in chapter 4 (see sec-

tion 4.2) this section presents its brief recap. The agent-based model is based on the static

framework presented in Chapter 3 which is an occupational choice model where there are two
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types of agents: employees and entrepreneurs. In the ABM framework there are two types of

agents called employees and entrepreneurs. Employees work for wages whereas entrepreneurs

represent rural entrepreneurs who run a land based business and earn their income through this

business. The environment is represented by agricultural land. Patches within the NetLogo

framework represent this agricultural land which is owned by every agent. All turtles in the

model own land which is characterized by land-productivity. Land-productivity is randomly

assigned to each patch of land at time t. It is drawn from a uniform distribution. In each

period land-productivity fluctuates and is affected by an unknown factor.

All agents in the model are characterized by preferences of consumption and leisure, which are

in the form of a Cobb-Douglas utility function. Each agent aims to maximize their utility in

their respective occupation. There is a fixed operating cost of running the business in each

period. This cost is assumed to be fixed with respect to time and does not vary over time. All

agents face operating costs ranging between 0 and 1, where 0 represents a low operating cost

and 1 represents a high operating cost. Another variable in the model is γ, which represents

the general skill/education level of an agent. The amount of wages an agent can earn and the

amount of land-productivity an agent can obtain is determined by the amount of γ possessed

by an agent. γ follows a uniform distribution, where a higher value of γ indicates higher skill

level for an agent.

5.4 Policy Experiments

After observing the impact of changes in the endogenous variables through comparative statics

analysis on the utility of an entrepreneur, these changes are further incorporated in the agent-

based models and the outcome of the impact on the growth rate of entrepreneurship is noted.

Data from sensitivity analysis is analysed using the multivariate regression technique to assess

the impact of independent variables on the growth rate in entrepreneurship. Agent-based

models are a good way of exploring complex systems as they allow the study of non-linear

interactions amongst agents (Railsback & Grimm, 2011). These models are able to capture

the interactions amongst individual agents in a system which can then be used to assess the

impact of these interactions on the overall system (Wilensky & Rand, 2015). All agents are
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heterogeneous and are governed by a micro-level set of rules which are determined by the

programmer. In the agent-based model developed here in this thesis, agents interact with

the environment and choose their occupation depending upon the utility obtained from this

occupation. The endogenous variables are changed simultaneously to study their impact on

the overall percentage growth in rural entrepreneurship. The following subsections present the

details of the simulation setup, data analysis, description of the data set and results tables.

Policy Experiment:Land-Productivity

Policies influencing the factor productivity of a rural business can have a strong influence on the

profits generated by such businesses. In the UK, under CAP (common agricultural policy) pillar

2, the RDPE (Rural Development Programme for England) Countryside Productivity Small

Grant (CPSG) scheme is launched to help rural entrepreneurs improve the productivity of their

farm land. The grant scheme is funded by European Agricultural Fund for Rural Development

(EAFRD). Under the scheme funding is provided for land-based rural businesses to purchase

equipment in order to improve their land/farm productivity. This scheme specifically targets

at supporting investment in equipment. The aim of the first policy experiment is thus to test

this policy and assess how changes in land-productivity can have an influence on the adoption

rates of entrepreneurship.

In the first policy experiment using an agent-based model, the impact of change in land-

productivity on the occupational choice of an individual agent is explored. A change in land-

productivity can have an impact on the overall utility an agent derives from entrepreneurship.

As per the comparative statics analysis a change in land-productivity has a positive impact

on both consumption and leisure of the entrepreneur under the following conditions: when

the individual owns at-least one unit of land and as long as land-productivity is not negative.

These conditions are incorporated in the agent-based model and the impact of changes in land-

productivity on the output is observed and the experiment is run using the BehaviourSpace

tool (see section 4.4) of NetLogo.

To study the impact of changes in land productivity, two scenarios are examined. In the first

scenario land-productivity is high and the in the second scenario land-productivity is set to
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low. The scenarios represent the impact of CPSG grant schemes (policy) on the productivity

of land. The variable values used in the experiment are presented in table 5.1. To account

for any randomness simulations are repeated 20 times and the results are compared. Every

simulation is run for 150 time steps.

Policy Experiment: Operating costs

Operating costs have a major impact on the profitability of rural businesses. Policies aimed

at improving the infrastructural shortages faced by rural entrepreneurs can significantly lower

their operational costs. To improve infrastructural shortages related to transportation costs,

the UK government has announced policies which aim to provide a further £15bn investments

in road infrastructure (DfT, Road Investment Strategy, December 2014). The aim of this

investment is to improve connectivity of rural areas and enabling them to access national

markets with ease and lowering the logistics costs of remote rural businesses. The aim of the

second policy experiment is to test such policies which can have a considerable impact on the

operating costs of rural businesses.

In the second policy experiment which is conducted using the agent-based model, the impact

of changes in δ (operating costs) on the growth rate of entrepreneurship is observed. The

operating costs for a business can have a significant impact on the profits and ultimately

affect the utility obtained by an entrepreneur which is an important factor in determining the

occupational choice of the agent. Two scenarios of high and low delta are tested. The values

for delta are presented in table 5.1. To account for random variations simulations are repeated

20 times and results are compared. Sensitivity analysis of the large data set is done by using

multivariate regression analysis.

Policy Experiment: Land units

In the third policy experiment, the impact of changes in land-units are explored. Policies

influencing the availability of a suitable business premises often act as a driver which supports

entrepreneurship in rural areas.

In this experiment all agents own two units of land rather than one and the results of the
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experiment are compared with the scenario when agents own only one unit of land. Additionally

another experiment is designed where only a few of the agents own land whereas the other

agents rent land. Agents who rent land, incur a rental cost for land. The impact of rental cost

on the growth rate of new entrepreneurs is then analysed and a comparison is drawn between

the percentage of new entrepreneurs who own land and the percentage of new entrepreneurs

who do not own land. In addition multivariate regression analysis is performed on the data

generated from the sensitivity analysis to assess the impact of rental cost on the overall growth

rate of entrepreneurship. Land rent data is fitted in the model from DEFRA’s Farm Business

Survey rent data for England between 2001 and 2016. In the agent-based model it is assumed

that agents either own or rent one hectare of land.

Policy Experiment: Education/General Skills

Policies geared towards improving the skills of agents in rural areas are of grave importance.

Rural businesses often struggle with shortages of skilled staff and training opportunities. Under

the RDPE programme in the UK, the government announced a funding of £20 million to

provide business training and knowledge to rural areas. Under the scheme training would be

made available to rural businesses situated in both remote and other rural locations. Often

right skills are essential if new entrepreneurs want to be successful as it enables them to pursue

new opportunities in both domestic and foreign markets. The aim of this policy experiment is

to test the impact of policies which are aimed at improving the skill sets of agents.

Apart from the endogenous variables of the static model, the agent-based model has other

variables such as the education/general skill levels (γ) which every agent possesses. All agents

are heterogeneous in terms of their skills set (γ) . Thus it is imperative to test how a change

in the skill levels of an agent can have an impact on the entrepreneurship levels in a rural

setting. Hence in the fourth policy experiment an impact of changes in γ is explored. Gamma

(γ) is the education level of an individual agent. Changes in γ can have a direct impact on

the amount of wages an agent earns and also on the amount of land-productivity an agent can

derive from their land. Scenarios of high values of γ are compared with the normal values of γ.

The results of the experiment are compared using box plots. The value of γ for the experiment
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is presented in table 5.1.

Policy Experiment: Broadband Coverage

The aim of the government is to achieve 95% superfast broadband coverage by 2017, in order to

achieve this target it is investing £780m and approximately £13.1m under the rural community

broadband fund to reach less accessible areas. As per (Department for Environment, Food and

Rural Affairs, 2014) initial investment by the government to expand the broadband coverage

to 90% could result in projected annual gains of £6.3bn by 2024,with share of gains originating

from rural areas amounting to £3.3bn. As per (OECD, 2011) there are about 16.7% of workers

residing in rural areas of England who work from home in comparison with 7.5% of workers

living in urban areas. Hence expanding the broadband facilities will not only enable flexible

home working but also positively contribute to the growth of knowledge based industries who

are often associated with a higher level of productivity.

Since rural areas face infrastructural shortages such as lack of broadband and mobile con-

nections, this policy experiment is able to shed some light on the importance of broadband

connections for rural entrepreneurs. It is imperative to test the impact of broadband on

rural entrepreneurship as the expanding digital priorities of today have made poor broad-

band availability an issue of grave concern for rural entrepreneurs (Townsend et al., 2013).

The occupational choice based ABM is used to analyse the impact of broadband coverage

on the growth rate in entrepreneurship. In the agent-based model setup agents are covered

by broadband networks. The broadband coverage is a slider in the model which determines

the availability and network density. The agents are able to communicate with other agents

through these broadband networks and obtain useful business information. This information

obtained through communication via broadband connections can be used by entrepreneurs and

employees to enhance their utility obtained through entrepreneurship and employment. The

impact of overall broadband coverage on the growth rate in entrepreneurship is analysed using

multivariate regression. In addition the percentages of new entrepreneurs with and without

broadband connections are also compared.
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Variable type Variable Name Value/Range/Description

Input current-wage [20, 50 100]

switching-cost-limit [8,12,16]

wage-stickiness [0.1,0.6,1]

δ-normal [0, 0.5, 1]

δ-high [0.5,1,1.5,1.8]

δ-low [0, 0.3, 0.5]

α [ random-float 1 ]

β [ random-float 1 ]

land-productivity - normal [ 10 + random 91 ]

land-productivity - high [ 50 + random 101 ]

land-productivity - low [ 10 + random 61 ]

γ-normal [ 0.2 + random-float 1 ]

γ-high [ 0.4 + random-float 1 ]

land-unit-normal [ 1 ]

land-unit [ 1 + random 2 ]

Output percentage-growth-entrepreneurship

Table 5.1: Input Parameters and Output - Policy Experiments

5.5 Results

The results from the various policy experiments are presented in this section. Sensitivity

analysis is performed and data is analysed by using multivariate regression and results are

compared across the different policy experiment scenarios.

Results: Experiment Land-Productivity

Table 5.2 compares the results of the multivariate regressions of data from experiments run

using the BehaviorSpace tool of NetLogo under the three scenarios. In the first column land-

productivity is unchanged and follows the same distribution as in the initial experiments.
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Coefficients
Regression Estimates:

Scenario 1 Scenario 2 Scenario 3

% growth entrep’ship % growth entrep’ship(High) % growth entrep’ship(Low)

Intercept 168.44∗∗∗ 199.08∗∗∗ 144.29∗∗∗

current-wage −1.72∗∗∗ −1.28∗∗∗ −1.64∗∗∗

switching-cost-limit −1.1∗ −0.83 −1.14∗

wage-stickiness −25.52∗∗∗ −24.13∗∗∗ −21.95∗∗∗

delta −8.33∗ −7.87 −11.32∗∗

Significance codes: p < 0.001∗∗∗

p < 0.01∗∗

p < 0.05∗

Table 5.2: Multivariate Regression results- Comparison of Scenarios

Column two shows the results for the scenario when land-productivity is high and column three

shows results of the multivariate regression analysis for the scenario when land-productivity

is set to low. The results indicate that when land-productivity is high then delta which is

represents the fixed operating costs are no longer significant, they are still negatively correlated

with the growth rate of new entrepreneurs, however it is not a significant factor. This result

is intuitive as it shows that higher land-productivity contributes significantly to the overall

profits of the entrepreneurs, that higher operating costs are no longer a constraint. In addition

results also indicate that switching-cost limit is no longer significant when agents experience

higher land-productivity. This implies that agents are quickly able to decide their occupational

choices and once they decide they no longer feel the need to switch back to their old occupation

or switch into a new occupation as the utility derived from entrepreneurship due to higher land-

productivity is higher than expected utility from employment.
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Figure 5.1: Percentage growth entrepreneurship- High Vs Low Land productivity

Figure 5.1 also shows the results for land productivity. A comparison between the growth rate

in entrepreneurship is depicted under the two scenarios of low versus high land- productivity.

According to figure 5.1 the overall growth rate in rural entrepreneurship is higher when agents

experience a higher land-productivity in comparison with when agents experience a lower-land

productivity.
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Figure 5.2: Growth rate of entrepreneurship- High Vs Low Land-productivity

Box plot 5.2 further shows the difference between the two scenarios when land-productivity

is high as compared to when land-productivity is low at different wage levels. According to

5.2, the median percentage growth rate in entrepreneurship is higher when land-productivity

is high in comparison with when land-productivity is low. This results indicate that higher-

productivity is a significant contributor in encouraging agents to pursue entrepreneurship as

this improves the profitability derived from this occupation. Hence policies improving land-

productivity through various channels would see an improvement in the growth of entrepreneurs

in land-based rural businesses. As in this specific model of rural entrepreneurship, an agent only

has two factors of production which are land and labour hence generalising this would imply

an improvement in total factor productivity would be a significant contributor in encouraging

entrepreneurship in rural areas.
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Results: Experiment Operating Costs

Coefficients

Regression Estimates:

Scenario 1 Scenario 2

% growth entrep’ship (High) % growth entrep’ship (Low)

Intercept 169.78∗∗∗ 173.19∗∗∗

current-base-wage −1.74∗∗∗ −1.74∗∗∗

switching-cost-limit −1.05∗ −1.18∗

wage-stickiness −21.89∗∗∗ −25.16∗∗∗

delta −7.39∗∗ −8.87

Significance codes: p < 0.001∗∗∗,p < 0.01∗∗, p < 0.05∗

Table 5.3: Multivariate Regression results- Comparison of Scenarios

Table 5.3 shows the results of the multivariate regression analysis of the data generated by

experiments run using the BehaviourSpace tool in Netlogo. The table compares two policy

experiment scenarios. Column one shows the results of the scenario with high values of delta

and column two shows results with low values of delta. The results indicate that higher delta

is a significant factor contributing negatively to the growth rate of entrepreneurship. Whereas

when costs are low then delta is no longer significant. This result is quite interesting and is able

to highlight that higher operating costs can discourage individuals from pursuing entrepreneur-

ship. This is particularly true for rural businesses who often face poor infrastructural facilities

which not only increase their supply-chain cost but also increase their transportation costs

and all other associated business costs. This result further implies that policies geared toward

improving infrastructure, transportation and local services can contribute towards reducing
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the operating costs for rural businesses hence making rural entrepreneurship an attractive

occupation.

Figure 5.3: Percentage growth entrepreneurship- High Vs Low Operating costs

Figure 5.3 compares the results of low and high operating costs scenario. According to the

plot, higher costs results in less number of agents choosing entrepreneurship hence the blue

line is below the green line which depicts the low cost scenario.
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Results: Experiment Land-units

Coefficients

Regression Estimates:

Scenario 1 Scenario 2

% growth entrep’ship(Multiple units) % growth entrep’ship(One unit)

Intercept 157.58∗∗∗ 169.32∗∗∗

current-wage −1.12∗∗∗ −1.74∗∗∗

switching-cost-limit −0.31 −0.94∗∗∗

wage-stickiness −16.5∗∗∗ −23.34∗∗∗

delta −5.44∗∗∗ −10.38∗∗∗

Significance codes: p < 0.001∗∗∗,p < 0.01∗∗, p < 0.05∗

Table 5.4: Multivariate Regression results- Comparison of Scenarios

The results of the next policy experiment, where an impact of the ownership of more land-units

is examined is presented in table 5.4. Column one shows the results for the scenario where

agents own multiple units of land whereas column two shows results for scenarios where agents

own only one unit of land. The results indicate that impact of operational costs is larger when

agents own less units of land as compared with more land-units. In addition wage stickiness

also has more impact when agents have less units of land. This result suggests that owning

larger areas of land contributes to the profits which can be obtained from entrepreneurship.

This is because large scale farming businesses can take advantage of economies of scale in their

production process and hence derive higher profits from their occupation of choice.
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Figure 5.4: Percentage growth entrepreneurship- Less Vs More Land ownership

Box plot 5.4 suggests that when agents own more units of land then growth rate in entrepreneur-

ship is higher as compared with when agents own less units of land. In addition policies paying

out subsidies per hectare of land can also benefit entrepreneurs with larger units of land as

these subsidies can help them towards costs of running the business. An increase in profitability

from entrepreneurship makes it an attractive occupation.

Another variation of the experiment was done where some agents do not own any unit of land

and some agents are endowed with a unit of land. The model assumes that the agents who do

not own land are able to rent land however renting land carries a rental cost. The scenarios

are tested in the agent-based model and results are shown in figure 5.5. The results suggest

that when agents do not own any land and when they are renting, the rental cost acts as

an impediment to the overall growth rate in entrepreneurship. Hence this implies that land

ownership is a positively contributing factor for agents choosing rural entrepreneurship. This

is particularly important for rural land based businesses as land ownership not only reduces

costs in terms of rental cost, but can also reduce costs such as legal fees and overheads which
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Figure 5.5: Percentage growth entrepreneurship- Renting Vs NOT Renting

are accompanied with the rental cost. In addition agents who own land can also use the land

as a collateral to obtain additional finance to either expand their business or to start their

business.

Results: Experiment Gamma

The results for the policy experiment with low and high values of γ are depicted in figure 5.6.

γ which is the general skills/education level of an agent can have an impact on the way an

agent utilises resources to improve their land-productivity if they are an entrepreneur and also

influence their ability to earn wages in the labour market.
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Figure 5.6: Percentage growth entrepreneurship- Low Vs High Gamma

Box plot 5.6 shows the result of the policy experiment with low and high gamma. Results

suggest that higher skill levels promote the growth rate of entrepreneurship in rural areas.

This is due to the fact that higher skills often enable rural entrepreneurs to utilise improved

tools and techniques which can contribute to the profitability derived from their businesses. In

addition skill shortages often act as an impediment when rural businesses are recruiting staff,

as mentioned in the literature review (see section 2.3) this was particularly the case observed

in certain areas in UK rural labour markets. Ultimately, acute skill shortages can affect the

profitability of a rural business. Hence policies aimed at promoting the skills of agents can

greatly increase the probability of agents choosing entrepreneurship.

Results: Experiment Broadband Coverage

Results from the broadband coverage experiment are analysed in a similar way using multivari-

ate regression of the data obtained through the sensitivity analysis. The results are presented

in table 5.5. The results from the experiment are very interesting and suggest and highlight
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the importance of broadband coverage. Broadband coverage is positively and significantly as-

sociated with the growth rate in entrepreneurship. This indicates that broadband facilities can

encourage entrepreneurship as rural entrepreneurs are able to obtain higher utility from this

occupation. Better profitability can be achieved in many ways through the use of broadband

facilities. It not only allows agents to source raw materials cheaply, it can also lead businesses

to collaborate with each other ultimately lowering their supply chain costs. Another impor-

tance of broadband is associated with businesses being able to create their online presence.

This is particularly important for rural businesses as they are able to get access to a larger

customer base by selling their products online.

Coefficients:

Regression Estimates:

Broadband Coverage

(% growth entrepreneurship)

Intercept 169.09∗∗∗

wages −1.5∗∗∗

switching-cost-limit −1.22

wage-stickiness −61.2∗∗∗

delta −4∗∗∗

broadband-coverage 24.4∗∗

Significance codes: p < 0.001∗∗∗,p < 0.01∗∗, p < 0.05∗

Table 5.5: Multivariate Regression results- Broadband Experiment
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Figure 5.7: Percentage growth entrepreneurship- Broadband Vs No-Broadband

Figure 5.7 further depicts the results from the broadband coverage experiment and draws a

comparison between agents who receive broadband services and agents who do not receive

broadband services. The blue line in the chart shows the percentage growth of entrepreneurs

who receive broadband coverage and the red line shows the percentage growth of entrepreneurs

who do not receive broadband coverage. The magenta line shows the overall growth rate in

rural entrepreneurship. The figure highlights that agents who receive broadband coverage are

more likely to switch into entrepreneurship in comparison with agents who do not receive any

broadband coverage. This suggests that the availability of broadband has a positive impact

on rural entrepreneurship.

5.6 Policy Implications and Recommendations

Following the various policy experiments and the results obtained, it is important to high-

light the policy implications which follow such results. The aim of this section is to discuss

these policy implications which support the growth of rural entrepreneurship and recommend

appropriate policies which are conducive to the growth rate of rural entrepreneurship.
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The first policy experiment looked at the role of land-productivity in encouraging rural en-

trepreneurship. The result which followed this experiment showed that land-productivity had

a positive and significant influence on the overall growth rate of rural entrepreneurship. The

policy implication which follows from this result is that policies which are geared towards

improving the land-productivity of rural businesses which are land-based, can significantly

contribute to the growth of entrepreneurs in that area. As land and labour are the only factors

of productions in the model, hence generalising the result implies improving the total factor

productivity of a rural business would have a strong impact in encouraging entrepreneurship in

rural areas. Improvement in labour productivity has a positive impact on rural entrepreneur-

ship rates (Webber et al., 2009). Salas-Fumás et al. (2014) also found a positive association

between productivity and the growth of entrepreneurs with employees in their occupational

choice model which used Spanish data. Additionally, productivity of a rural business essen-

tially has an impact on its competitiveness relative to their urban counterparts (D. Anderson

et al., 2005). For land-based farming enterprises long-run competitiveness and income growth

is largely driven by growth in productivity Rizov et al. (2013). This implies that policies

geared towards improving factor productivity would in turn be instrumental in improving

rural business productivity which would encourage the entrepreneurship rates in rural areas.

The second policy experiment was geared towards exploring the role of operating costs in

encouraging rural entrepreneurship. The results highlighted that higher operating costs are

negatively and significantly associated with the growth rate of rural entrepreneurs. This result

highlights the challenges which are often faced by rural entrepreneurs. Rural entrepreneurs

often face high transportation costs due to their remote location. Distance from main urban

centres affects transportation costs for both inputs and outputs (Stathopoulou et al., 2004). In

addition poor infrastructural facilities can add to their supply chain costs and overall costs in

general which has a negative impact on the profitability of a rural business and hence makes

rural entrepreneurship less attractive (Fox & Porca, 2001). Operating costs also influence the

decision of businesses to embark upon enterprising behaviour in one location as compared to

the other (Keeble & Tyler, 1995). Hence operating costs can influence the decision of agents

to choose entrepreneurship as their occupation of choice. The policy implication which follows
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this result is that policies which address infrastructural shortages and focus on improving

transportation facilities in rural areas can significantly help in reducing the operating costs of

a business significantly.

The third policy experiment looked at the impact of number of land-units on the growth

rate of rural entrepreneurship. The results highlighted that having larger number of land-

units was beneficial for the rural entrepreneur as large scale operations can reduce the costs

of production and operation as land-based businesses are able to realize economies of scale.

Under CAP (Common Agricultural Policy) pillar 1 , land-based farming businesses are usually

paid out direct basic payments (EU Commission, 2013). To qualify for the payment farming

businesses must have at least 5 hectares of agricultural land (Rural Payments Agency, 2019).

This implies that agents land units of at-least 5 hectares are likely to receive payments which

can further help them towards managing the business costs. The aim of direct payments is to

provide immunity against market shocks by stabilizing farm incomes. The second variant of

the experiment focussed on agents who were not endowed with any land and had to rent a unit

of land to produce output as an entrepreneur. The results again highlighted that higher rental

cost can reduce the profitability of a land based business. This result implies that higher fixed

and operating costs can discourage agents from switching into rural entrepreneurship. Also

rural businesses who own their premises are in a position to use their land as collateral in

obtaining finance from institutions (D. Anderson et al., 2005).

The fourth policy experiment focussed on the general skills/ education of agents. The results

highlighted that agents with a better education/skill set are more likely to obtain higher utility

from entrepreneurship and hence more likely to either stay or switch into rural entrepreneur-

ship. Individuals with a larger general skill level are more likely to choose entrepreneurship

as an occupation (Lazear, 2005). Skill shortages which are usually associated with small

size of rural labour markets often pose problems for rural entrepreneurs (Smallbone et al.,

2003). According to Casson (1995), education provides individuals with analytical skills, un-

derstanding of the markets, information about opportunities in business and hence improves

their entrepreneurial judgement. This result has a huge policy implication suggesting the need

for policy-makers to invest in improving the skills of rural areas. Higher skills not only help
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entrepreneurs overcome skilled staff shortages but also enable the individuals to use better

technology and inputs which improves their business productivity significantly and thus helps

them realize higher profits from entrepreneurship.

The last policy experiment featured the role of broadband availability in rural areas. The

results highlighted the importance of broadband for rural entrepreneurs. Improved broad-

band connectivity can offer growth in knowledge based rural businesses, increase innovation

transfer from urban to rural areas which ultimately boosts business growth and productivity

(Department for Environment, Food and Rural Affairs, 2014). In addition it also allows en-

trepreneurs to lower their supply chain costs by being able to cheaply source materials and col-

laborate with other entrepreneurs (Whitacre, Gallardo, & Strover, 2014). Access to broadband

has become imperative for rural entrepreneurs to participate in the modern digital economy

and overcome barriers of social and physical isolation (Townsend et al., 2013). Furthermore it

also enables innovation, wealth creation and enhances both growth and productivity of rural

businesses by allowing them to go online and sell their products and services (Townsend et

al., 2013). Rural businesses often face barriers which are usually not faced by their urban

counterparts, access to broadband usually reduces these barriers as it provides opportunity for

remote working, video conferencing and teleworking which can counter the difficulties faced by

entrepreneurs due to distance (Skerratt & Warren, 2004).

Broadband which is part of the communications infrastructure is one of the significant drivers

of business growth in rural areas. The presence of broadband is particularly important for

businesses in sparse rural locations as it acts a medium of communication between suppliers

and customers. Rural businesses can stay connected to each other, promote businesses through

social media and reduce their supply chain costs. In addition businesses can shop online for

resources and sell their products online which is an added advantage of broadband. Presence

of broadband allows businesses to lower their transaction costs of business between customers,

suppliers and even between different units of the business. It also reduces search costs and can

help expand the knowledge and skills base of the local population by allowing them to enrol

on online courses, communicating with each other and researching on the internet. All these

benefits of broadband lower the rate of business failures and encourage entrepreneurship by
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improving the profitability of rural businesses.

Frontier Economics (2014) found that rural areas with better broadband connections experience

better performance in terms of employment growth, turnover and start-up growth. In addition

businesses with better access to broadband are less prone to failure. Frontier Economics (2014)

analysed the broadband speeds data published by Ofcom at the postcode levels. Their results

suggested that areas with broadband speeds in the 2Km - 5Km radii had more positive impact

than the speed at the premises of the business itself. This result indicated that businesses

benefit from having broadband in their local area more than their own personal broadband

coverage. This result is intuitive as presence of broadband allows these businesses to connect

to local suppliers, customers and other businesses thereby improving business profitability

and encouraging growth in entrepreneurship. Department for Environment, Food and Rural

Affairs (2014) policy brief also emphasizes on the importance of digital connectivity for rural

businesses. It supports growth in home working and provides flexibility. Townsend et al. (2017)

have also studied the impact of broadband on creative businesses in rural Scotland. Their

findings suggest that a lack of adequate broadband has a negative impact on rural communities

which leads to out-migration of people to areas which have better digital connectivity. This

study highlights the importance of broadband for rural businesses. Winters and Martins (2004)

also suggest that in the era of globalisation it is imperative for rural businesses to have digital

connections in order to reach their clients and form professional networks with other businesses.

Hence the policy implication which follows from this result is that improvement of broadband

facilities in rural areas has the potential to encourage rural entrepreneurship.

5.7 Conclusion

The main objective of this chapter was to identify and highlight policies which can specifically

be geared towards encouraging rural entrepreneurship in the UK. The chapter started by taking

a comparative statics approach on the static model developed in Chapter 3, the comparative

statics was able to highlight the direction of impact of endogenous variables on the model

output. Based on the comparative statics various scenarios were then setup in the agent-based

models which were tested and results were obtained from these experiments. The results
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highlighted which policies can have an influence in encouraging rural entrepreneurship. And

finally the chapter presented policy implications recommendations depicting the current policy

scenario in the UK and which policies can be implemented to further encourage the growth of

rural entrepreneurship.



Chapter 6

Role of Networks

6.1 Introduction

Entrepreneurial ecosystems has become the new buzz word amongst academic researchers and

has been gaining popularity in literature recently. However despite its popularity the recent

work on entrepreneurial ecosystem is still underdeveloped F. Stam and Spigel (2016). In the

literature various authors have defined and identified elements of a successful entrepreneurial

ecosystem. Although there is still no unanimous definition of the elements which constitute

a successful ecosystem. Cohen (2006) have identified six key elements of an entrepreneurial

ecosystem which include: formal network, informal network, government, university, capital

services, talent pool and support services. Further Spigel (2017) suggest that the elements

of a successful entrepreneurial ecosystem can be mainly categorized into material, social and

cultural. Spigel (2017) mainly include elements such as networks, support services, supportive

culture and mentor-ship under these three attributes. The main aim of this chapter is to focus

on the element of networks which are particularly of prime importance for rural entrepreneurs

and further study the role of networking and its impact on the growth rate of entrepreneurship

in rural areas.

This chapter presents the various agent-based network models which have been developed to

explore the impact of networking on rural entrepreneurship. The chapter builds upon the

127
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government’s policy of rural growth network pilots which is under the objectives of CAP

(Common Agricultural Policy) Pillar 2. CAP is the common agricultural policy of EU and

it has two pillars. Under the CAP pillar 2 of UK RDPE (Rural Development programme

for England) programme, the government placed measures which specifically support rural

businesses. Under the policy, five Rural growth networks (RGN’s) have been put in place to

provide support to rural businesses. Under these RGN’s growth hubs have been established

which provide tailored support to not only existing rural businesses but also individuals who

want to pursue entrepreneurship and one of their important roles is to encourage networking

amongst businesses (Department for Environment, Food and Rural Affairs, 2012). Growth

hubs are led by Local enterprise partnerships (LEP’s). The aim of the growth hub is to

provide all kinds of business support to rural businesses in the form of advisory services, skills

and training programmes, networking opportunities with other businesses, technical assistance,

equipment support, supply chain management support and any additional assistance.

The chapter mainly aims to address and answer the following questions:

1) What is the importance of networking for rural entrepreneurs and how networking con-

tributes to rural entrepreneurial growth?

2) What is the role and importance of institutional support (growth hubs) in providing network-

ing and learning opportunities which contributes to the growth rate of rural entrepreneurship?

3) How does embedding in a social network have an impact on the entrepreneurial outcomes?

4) How do entrepreneurial ecosystems support high growth rural entrepreneurship?

Networking is an important part of entrepreneurship, it allows an individual to reach far and

beyond their abilities and be able to utilize resources which are possessed by others which

ultimately is instrumental in improving their entrepreneurial performance Slotte–Kock and

Coviello (2010), Hite (2005), Davidsson and Honig (2003). Resources are also in the form of

non-physical resources such as knowledge exchange. Author (Minniti, 2005) further stress that

networking allows an existing or potential entrepreneur to acquire information, skills, expertise,

gain knowledge about sourcing inputs cheaply, find financial support and customer base. Hence

entrepreneurship can be viewed as an important social practice where networks act as a tool
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of organization, provide a governing mechanism and resources important for entrepreneurship

(S. Jack, Dodd, & Anderson, 2008).

This chapter is structured as follows. Section 6.2 discusses the background around rural growth

network pilots scheme. This is then followed by section 6.3 which discusses the framework of

the various network models presented in the chapter. Section 6.3 is further divided into four

subsections where each of the subsections talk about the structure of the various different

network models built in the Netlogo framework. The next section 6.4 discusses the simulation

set-up of the models. Section 6.5 presents the sensitivity analysis. Section 6.5.1 then talks

about the data analysis. This is then followed by the next section 6.6 which discusses the

results and highlights the policy implications which arise from sensitivity analysis of the data.

Section 6.7 presents the validation of the network models followed by section 6.7.1 which further

provides model validation in terms of quantitative, qualitative and academic evidence.

6.2 Background: Rural Growth Network Pilots

Rural areas face some unique barriers which can be an impediment to rural economic growth.

These barriers particularly affect small businesses from growing and establishing themselves

in rural areas. Rural Economic Growth Review is a part of the growth review policy of the

government which was announced on 29 November, 2011. It is essentially a combination

of measures which aims to help and develop the rural economy by aiding rural businesses in

achieving success. Rural economic growth review (REGR, 2011) identified these barriers as lack

of suitable business premises, slow broadband facilities, poor business support, lack of skilled

people and fragmented business networks as among the important few which have serious

implications on business performance and the growth of entrepreneurship in rural areas. In

order to overcome these barriers, five rural growth networks (RGN’s) pilots were set-up. These

five rural pilots were set-up in Warwickshire, Heart of South west, Swindon and Wiltshire and

North East. The aim of the RGN initiative was to test various different mechanisms aimed at

promoting rural economic growth by supporting rural enterprise.

Every RGN initiative is driven by LEP’s (Local economic partnerships) or local authorities.
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The pilots followed a different model each with the common aim of developing a network

of growth/enterprise hubs in the local area. RGN’s were set-up in 2012 with £12.5m from

DEFRA and £1.6m from Government equalities office (GEO). Out of this funding £11.1m

was spent by September 2015, and up to £35.3m including matching. Around 4900 businesses

were assisted, 1500 were assisted to start a business and 6400 individuals attending networks.

44 growth hubs were also set up to help provide businesses support, (SQW, May 2016).

The aim of the RGN’s was to generate rural economic growth by establishing a network of

growth hubs which act as a central point of support for rural businesses. Growth hubs are local

public/ private sector partnerships with a principal stakeholder which is the Local enterprise

partnerships (LEP), (Her Majesty’s Revenue Customs, April 2018). Growth hubs make it easier

for businesses to find the help and support they need. This is particularly important for rural

businesses which are disadvantaged in terms of their location and other barriers associated with

rurality. The aim of the Growth hub is to encourage business growth, there are 39 Growth hubs

which provide support to 4.7 million businesses across England. The support is in the form

of start-up support, scaling up business support and helping businesses in creating more jobs.

According to (Department for Environment, Food and Rural Affairs, 2015), RGN’s assisted

around 2600 rural businesses and gave start up advice to 1000 individuals who were looking

to start business. They helped in creating 428 new businesses and safeguarded 780 jobs.

With such success of the RGN’s in the past it is imperative to look at, how the element

of networking assists in the growth rate of rural entrepreneurship and whether expansion of

such programmes in the future would further provide support for rural entrepreneurs. This

chapter aims to study various scenarios involving informal and formal networking under various

network structure and their impact on the entrepreneurial outcomes.

6.3 Agent-Based Network Models

In this section, the conceptual framework underlying the different variants of the network model

is discussed. A network is a structure where various nodes are interconnected to each other

through specific threads (H̊akansson & Ford, 2002). There are four different model variants
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which essentially capture the role of networking opportunities in different scenarios and also

highlight the role of growth hubs in providing networking opportunities for rural entrepreneurs.

The role of growth hubs as a knowledge and training provider for entrepreneurs is also high-

lighted through the models. Social networks which are dense in nature have been seen as a key

ingredient in fostering entrepreneurship and innovation, this is because these networks support

diffusion and circulation of knowledge about general entrepreneurial processes, new opportu-

nities and technology (Hoang & Antoncic, 2003). Networks act as a medium of knowledge

exchange between entrepreneurs and allow them to learn from one another, this helps them

to avoid common mistakes which are often associated with growth (Aldrich & Yang, 2014).

Knowledge is also instrumental for entrepreneurial firms to gain competitive advantage in the

market (Rothaermel & Thursby, 2005).

Growth hubs are essentially like business incubators which were established to provide vari-

ous kinds of support for rural businesses. Recently in academic literature there has been an

increase in attention being paid to the role of business incubators in fostering entrepreneur-

ship (Chen, 2009); (Tran et al., 2014). Incubators can provide entrepreneurs with numerous

resources ranging from financial support to advisory services, management and knowledge

(Albort-Morant & Oghazi, 2016). Incubator environment can also encourage the development

of social networks amongst entrepreneurs which act as a form of support for new entrepreneurs

(McAdam & McAdam, 2006).

According to Spigel and Harrison (2018) the entrepreneurial ecosystem incorporates three key

concepts. The first concept is related to the role of networks. Here authors highlight that

networks act as a medium of knowledge exchange amongst entrepreneurs which serves as a

useful tool in finding new opportunities for entrepreneurs. Secondly they emphasize on the

role of institutions and organisations which act as the key sites for knowledge dissemination

and training centres. Such institutions often act as training centres for local entrepreneurs

and help in the growth of entrepreneurship (Huffman & Quigley, 2002). And thirdly Spigel

and Harrison (2018) highlight the role of policy in promoting entrepreneurship by creating

a supportive environment for the entrepreneurs. In this thesis the network element of the

entrepreneurial ecosystems has been examined and how such networks in a rural environment
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have an impact on the entrepreneurial outcomes of individuals. The motivation to adopt

agent-based modelling as a methodology to study rural entrepreneurship has been presented

in section 1.6.

6.3.1 Informal Network Model - Fully Connected (Model 1)

The first variant of the network model features informal networks of agents. The aim of this

model is to test how the presence of informal networks is helpful in supporting the growth rate

of entrepreneurship in rural areas. Informal business networks are usually related with personal

ties which are based on trust, friendship or family relations, such networks are embedded in

a social context and are affected by people’s placement in such networks (Zimmer, 1986). For

the purposes of this thesis informal networks represent connections between agents.

Model Structure

This section describes the model structure of the first agent-based network model. The agent-

based model is developed in the NetLogo framework and aims to study the impact of informal

network ties on the growth rate of rural entrepreneurship.

In this model there is an absence of growth hubs (formal institutions) hence the network

ties and connections amongst agents represent an informal network setting. The network

structure of the model is a random network structure where all agents are connected to each

other. The model assumes that through the networks, the agents interact amongst themselves

and exchange knowledge and business ideas. The knowledge acquired by the agents can be

instrumental in improving their factor productivity. As land and labour are the two most

important factors of production in the model, hence knowledge exchange can serve as an

important tool in aiding an agent to derive higher land and labour productivity.

Information and knowledge exchange helps agents to better utilise resources, use better technol-

ogy, manage supply chain and use digital resources. All of these practices can hence contribute

towards realising higher profits. All agents in the model are connected in a random network,

the number of connections an agent can form with other agents is governed by the variable

called average node degree. Average node degree represents the potential number of connec-
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tions an agent can have with others. The higher is the average node degree, the higher are

the number of connections of the agent with other agents. After the network is formed the

agents update their knowledge by learning through their connections, they learn and update

their knowledge parameter. Knowledge updates according to equation 6.1:

(own.knowledge)t+1 = (own.knowledge)t + 5%
∑

(knowledge.of.link.neighbors)t (6.1)

Each agent only shares about 5% of the knowledge it has with its connecting agent. This

model assumption restricts the knowledge sharing to about 5% only to restrict the model from

reaching unusually high values as the simulation is run and outstripping other values in its

course, which can lead to spurious results. Once their knowledge is updated, the model assumes

that this knowledge can aid in improving the productivity which an agent derives though their

factors of production. As factor productivity can influence the utility an agent can derive from

their respective occupation hence it can have an influence upon an agents occupational choice

decision. The distinction between this network model and the networks model presented in

section 4.5 is that this network model is a fully connected model (all agents are connected to

each other) and there are no isolated agents like in the partially connected network model.

6.3.2 Formal and Informal Network Model - Partial Connections (Model 2)

The second variant of the agent-based model features the presence of a growth hub. Growth

hubs are the formal institutions which provide business support for the entrepreneurs and they

are the central focal points in the networks (Her Majesty’s Revenue Customs, April 2018). A

further background on growth hubs is presented in section 6.2. Business support can be in the

form of anything ranging from grant support, loans, grants to improve the customer base to

improving skills.

The role of growth hubs in this agent-based model is that growth hubs provide knowledge

to agents in the form of courses to upgrade their business skills and also help agents acquire

general knowledge about the entrepreneurial processes. They also offer advice and informa-

tion to entrepreneurs which is instrumental in improving their business knowledge. For rural
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entrepreneurs skill improvement is highly important as often rural businesses face shortages of

skilled labour (Stathopoulou et al., 2004). In the model set-up a few agents who live within

the radius of the hub are connected to the growth hub. Radius represents the area which is

covered by the growth hub and it represents the distance within which the agents can connect

to the hub without incurring a travel cost. In this model only agents living within the radius

are connected to the growth hubs, further these agents who are connected to the hub do not

network with one another and thus are not connected to each other. Hence in this variant of

the agent-based network model, the networking opportunities offered by the growth hub are

excluded.

Agents living within the radius of the growth hub connect to the hub and can receive in-

formation and also have an opportunity to enhance their business skills, agents who are not

connected to the hub form informal connections with other agents and exchange information

amongst each other. This model focuses on the knowledge providing role of the growth hubs

and examines how this knowledge can have an impact on the entrepreneurial outcome.

6.3.3 Formal and Informal Networks - Fully Connected (Model 3)

The third variant of the agent-based network model features presence of growth hubs and

incorporates the networking opportunities offered by the hub. The growth hub is a central

focal point in the model, which delivers all of its functions and in addition to the previous

model it also acts a medium of network formation amongst agents who are connected to the

growth hub, hence it provides networking opportunities and facilitates networking amongst

agents. All agents are fully connected in a random network according to the radius. Radius

represents their proximity to growth hubs and to other agents. It is the distance within which

agents can connect to the growth hubs without incurring additional travel cost. When agents

are connected to the hub, these agents also form connections amongst themselves representing

the networking opportunities offered by the hubs.

Another variable which determines network formation amongst agents is the average node de-

gree. Average node degree determines the number of connections an agent forms with another

agent. If average node degree is high then an agent forms more connections as compared to
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when the average node degree is low. All agents start off with a business skills parameter. The

value of the business skills parameter is randomly assigned to an agent depending upon the

position of the agent in a network. It is assumed that if agents are connected to growth hubs

directly then they start off with higher business skills than agents who are not connected to

growth hubs. The model assumes that agents who are connected to the growth hubs are better

informed and have higher business skills due to the skill upgrading facilities, information and

advice offered by the growth hub. Agents also learn from each other, they learn from growth

hubs about the use of technology and digital resources and enrol themselves on courses to

improve their business skills. Business skills update according to the following equation 6.2:

(own.business.skills)t+1 = (own.business.skills)t+5%
∑

(business.skills.of.link.neighbors)t

(6.2)

All agents update their business skills when they are connected to the growth hub and also

through networking with other agents connected to the growth hub. The aim of the third

variant is to assess the impact of networking facilities provided by the growth hubs on the

overall growth rate of rural entrepreneurship.

6.3.4 Spatial frictions Model (Model 4)

The aim of this variant of the agent-based model is to assess the impact of spatial frictions on

the effectiveness of growth hubs in supporting rural entrepreneurship. Spatial frictions can be

in any form ranging from the cost of travelling to the opportunity cost of travelling. In this

variant of the model spatial frictions are defined as the cost of travel. In the model set-up

each agent is able to measure their distance from the growth hub. Then depending upon their

distance from the growth hub, each agent calculates their cost of travel in order to connect

with the growth hub. If the agents live within the radius of the growth hub, then they do not

incur a travel cost when they connect with the hub. Radius represents the distance which the

agents can travel within without incurring a travel cost. For agents living beyond the radius,

in order to connect with the growth hub they must incur a travel cost. Every agent in the
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model is assigned a travel cost budget, if their cost of travel is larger than their budget, then

the agents decide not to travel and connect with the growth hubs. However if their cost of

travel is within their budget then they commute and connect to growth hubs. Cost of travel is

a function of the distance and the monetary cost of travelling and is represented by equation

6.3 where ϑ represents the monetary cost of travelling and ι represents the distance of the

agent from the growth hub.

κ = f(ϑ, ι) (6.3)

6.4 Simulation setup

All simulations are set-up in an agent-based framework developed in Netlogo. There are two

type of agents in the model, employees and entrepreneurs who follow a set of behavioural rules

derived from the conceptual framework presented in section 6.3. First variant of the network

model will be referred to as (Model 1) in the thesis. In Model 1 all agents connect with other

agents forming an informal network according to the average node degree which is derived from

a uniform distribution. All agents exchange information and learn from one another. Their

knowledge updates according to the following equation 6.4

(own.knowledge)t+1 = (own.knowledge)t + 5%
∑

(knowledge.of.link.neighbors)t (6.4)

All the variables in the Netlogo models are classified into input and output variables. Simula-

tions are carried out for various values of input variables which have an impact on the output.

See table 6.1. In model 1 the overall growth rate in entrepreneurship is measured as output.

In the second and third variant of the model which would be referred to as (Model 2) and

(Model 3) in the thesis, agents connect to growth hubs and also connect to each other forming a

combination of formal and informal networks. In these variants agents who are connected to the

hub upgrade their business skills by enrolling themselves on courses or obtaining information

from the growth hub. They also exchange information amongst each other and update their
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Variable type Variable Name Value/Range/Description

Input
current-base-wage [20, 60,100]

switching-cost-limit [8, 12, 16]
wage-stickiness [0.1, 0.6, 1]

δ [20, 50, 100]
average-node-degree [1, 2, 3,4]

radius [10, 15, 20]
monetary-travel-cost [0.8, 1.3, 2]

α [ random-float 1 ]
β [ random-float 1 ]

productivity [ 10 + random 91 ]
business-skills-1 [ 22 + random 11 ]
business-skills-2 [ 20 + random 11 ]

Output
percentage-growth-entrepreneurship

% new-entrepreneurs-connected-to-hub
% new-entrepreneurs-NOT-connected-to-hub

Table 6.1: Input and Outcome Variables for Experiments

general entrepreneurial knowledge. The key difference between (Model 2) and (Model 3) is that

(Model 3) incorporates the networking opportunities amongst agents which are facilitated by

the growth hub, here agents who are connected to the hub , also connect amongst themselves

forming a fully connected network. Whereas in (Model 2) agents who are connected to the

growth hub are not connected amongst themselves in the network.

The business skills update according to the following equation 6.5.

(own.business.skills)t+1 = (own.business.skills)t+5%
∑

(business.skills.of.link.neighbors)t

(6.5)

In Model 2 and Model 3 the model assumes that agents who are connected to the hub start

off with slightly higher business skills level as compared with agents who are not connected

to the hub this is due to the fact that agents who are connected to the hub have access to

superior quality information as compared with agents who are not connected to the hub. The

business skills parameter values are listed in table 6.1. Various model runs are carried out

for different values of the independent variables (see table 6.1) which can have potentially
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have an impact on the output. In model 2 and model 3 the overall percentage growth in

entrepreneurship is measured as output. Additionally a comparison is drawn between the

growth rate of entrepreneurship amongst agents who are connected to the hub and the growth

rate of entrepreneurship amongst agents who are not connected to the hub.

As per the conceptual framework presented in section 6.3, in the spatial frictions model a

commuting cost variable is introduced in the agent-based networks model. Agents calculate

their cost of travel according to equation 6.6:

κ = f(ϑ, ι) (6.6)

In equation 6.6, ϑ represents the monetary cost of travel and is derived from a uniform distri-

bution and it ranges between (0.6,2) where 0.6 represents a low monetary cost of travel which

is usually achieved by an efficient transportation system and efficient road networks. Further

ι represents the distance of an agent from the growth hub. Model runs are carried out for

various values of independent variables (see table 6.1) which have an impact on the output.

In the spatial frictions model the overall growth rate of rural entrepreneurship is measured as

output. In addition to this, the impact of cost of travel in forming connections to the hub is

further assessed by drawing a comparison between the percentage growth of entrepreneurship

between agents who are connected to the hub and agents who are not connected to the hub.

6.5 Model Experiments

The dynamic network model presents a complex system where agents interact amongst them-

selves in the informal network variant and interact with the growth hubs in the formal network

variants of the model which results in non-linear and complex dynamics. The simulation ex-

periments for all variants of the agent-based models are run in the Netlogo platform. The

experiments produce a volume of simulation data. Each experiment is run for various values

of the input variables, these values are mentioned in table 6.1. The aim of the experiment is

to carry out sensitivity analysis to assess the impact of input variables (inputs) on the over-

all growth in entrepreneurship (output). Additionally, in the fully connected model variant a
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comparison in the growth rates of entrepreneurship is drawn between agents who are connected

to the growth hub and agents who are not connected to the growth hub. For each experiment

simulation is repeated 10 times to account for any randomness and each experiment is run for

150 ticks.

6.5.1 Data Analysis

Data generated from the simulation runs is further analysed using multivariate OLS regression

analysis (metamodel). Multivariate regression is a good tool to analyse the partial impact

of independent variables on the dependent. Happe (2005) used a linear regression model to

analyse the results of the simulation experiments. Happe (2005) fitted a linear regression model

which was also known as the metamodel, where inputs were fitted as independent variables

and output was the dependent variable.

For all three variants of the model, multivariate regression analysis is run and a comparison

is drawn in the results for three variants. For the spatial friction model regression is run

separately and the impact of travelling cost on the growth rate of entrepreneurship is analysed.

To assess the impact of interactions between variables on output again multivariate regression

analysis is used and all significant interactions are noted. Box plots are also used to analyse

comparisons between the growth rate in entrepreneurship for agents who are connected to the

hub versus agents who are not connected to the hub. Box plots are useful in revealing the

overall percentage growth in entrepreneurship in the two scenarios of agents connected versus

not connected to the hub. In addition interaction plots are used to visualize the impact of

interactions of the inputs on the output.

As a complex agent-based model is essentially composed of many non-linear interactions mul-

tivariate regression is not able to capture a direct relationship between input and output

variables. However it is able to assess the impact of sensitivity of changes in input variables

to the output variables, thus giving a good picture about the model behaviour.
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Coefficients
Regression Estimates:

Model 1 Model 2 Model 3

(% growth entrep’ship) (% growth entrep’ship) (% growth entrep’ship)

(Intercept) 119.45∗∗∗ 107.96∗∗∗ 118.63∗∗∗

current-base-wage −2.09∗∗∗ −1.99∗∗∗ −1.83∗∗∗

switching-cost-limit 0.13∗∗ 0.11∗ −0.94∗∗∗

wage-stickiness −0.89∗ −1.08∗ −0.76

delta −0.07∗∗∗ −0.07∗∗∗ −0.06∗∗∗

average-node-degree 10.78∗∗∗ 11.02∗∗∗ 5.6∗∗∗

radius 0.0 0.75∗∗∗ 1.78∗∗∗

Significance codes: p < 0.001∗∗∗

p < 0.01∗∗

p < 0.05∗

Table 6.2: Multivariate Regression results- Comparison of Model variants

6.6 Results and Policy implications

Data analysis of the simulation experiment data is performed by using Multivariate regression

analysis to identify which factors play an important role in influencing the overall growth in

entrepreneurship. Results are compared across the three model variants. Table 6.2 shows the

results comparisons from all three model variants. (Model 1) refers to the informal networks

model, (Model 2) refers to model with the presence of growth hubs but without the networking

opportunities for agents connected to the hub and (Model 3) represents a fully connected formal

networks model, where agents who are connected to the growth hub also network amongst

themselves and form informal connections with other agents.

Results suggest that average node degree which represents the number of connections per

agent is positively associated with growth in entrepreneurship across all three models. The

average node degree has a large impact particularly in case of (Model 2) and (Model 1). In

case of (Model 1), this implies that when agents are not connected to any formal institutions

such as the growth hubs and do not receive any formal institutional support, then informal
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connections amongst agents act as a source of information and knowledge exchange which is

conducive to the growth of entrepreneurship. The importance of social network ties for rural

areas has been recognised by authors (Bauernschuster et al., 2010). Further Rosenfeld (2002)

also recognize the importance of informal network ties and suggest that there exists a positive

association between rural entrepreneurship and networks. In (Model 2) only a few agents are

connected to the growth hub, however as the model assumes that the growth hubs do not

facilitate any networking support, hence these agents do not have the opportunity to network

amongst themselves. However they are still able to network and form connections with all the

other agents who are not connected to the hub. In this scenario again the results highlight that

the informal connections amongst agents play an important role in sustaining and encouraging

rural entrepreneurship.

In (Model 3) although the average number of connections (average-node-degree) still has a

positive impact on the growth rate of rural entrepreneurship however the magnitude of its

significance value is far less pronounced when compared with the results of (Model 1) and

(Model 2). This result is interesting and it indicates that this can be due to the fact that

when agents receive formal institutional business support, the number of informal connections

they have does not have a strong impact on their skills improvement. As formal institutions

are able to provide tailored courses, give proper business advice and encourage networking

amongst individuals, agents are less reliant on the support of informal networks. Freire-Gibb

and Nielsen (2013) also find that social network ties are more important in rural areas where

there is lack of supporting institutions. The presence of supporting institutions reduces the

impact of informal social network ties which the results indicate.

Another important result highlighting the importance of formal networks can be deciphered

through the impact of current wages on the growth rate of rural entrepreneurship. As per the

model results, higher wages have a negative impact on the growth rate of entrepreneurship

as in this scenario agents are more likely to choose employment over entrepreneurship in this

occupational choice agent-based model where the main goal of agents is to maximize their

overall utility from an occupation. The results indicate that across three model variants, this

effect is more pronounced in the informal networks model variant (Model 1). In the other
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two variants (Model 2) and (Model 3) it is slightly less pronounced. This is due to the fact

that when agents are connected to the growth hub then these formal connections with the

hub are helpful in improving their business skills. When an agent is better informed and has

superior business skills, this ultimately has a positive impact on the utility they derive from

entrepreneurship and hence in this case higher wages are thereby less effective in attracting

agents out of entrepreneurship.

6.6.1 Comparisons (Model 3)

Coefficients
Regression Estimates:

Agents Connected Agents NOT Connected

(% growth new-entrepreneurs) (% growth new-entrepreneurs)

(Intercept) 51.8∗∗∗ 44.09∗∗∗

current-base-wage −0.21∗∗∗ −0.45∗∗∗

switching-cost-limit 0.23∗∗∗ 0.99∗∗∗

wage-stickiness −0.18 −0.01

delta −0.02∗∗∗ 0

average-node-degree 0.20∗∗∗ 1.05∗∗∗

radius 0.06∗∗∗ 0.22∗∗∗

Significance codes: p < 0.001∗∗∗, p < 0.01∗∗, p < 0.05∗

Table 6.3: Comparison: Agents Connected Vs Agents NOT connected to the hub (Model 3)

Agent-based model results are analysed by applying multivariate regression analysis. A com-

parison is drawn between the growth rate of new entrepreneurs for agents who are connected

to the growth hub and agents who are not connected to the growth hub. This comparison is

drawn for the fully connected version (Model 3) of the agent-based model developed in NetL-

ogo. The reason for choosing (Model 3) for comparisons is because in this model the growth

hubs are fully functional, apart from their role of providing advice, information and knowledge

support to the agents, the growth hubs also facilitate networking amongst agents who are con-

nected to the hub. The aim of this section is to explore the differences in the overall growth

rate of entrepreneurship between agents who are connected to the hub and agents who are not
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connected to the hub.

Multivariate regression results when agents are connected to the growth hub are presented in

table 6.3. When agents are connected to the hub average node degree has a positive impact

on the growth rate of new entrepreneurs. Average node degree in the model represents the

average number of connections an agent can potentially form with other agents. A higher value

of the average node degree means that agents have a higher number of connections with other

agents hence this implies that when all agents have more connections, overall it creates a dense

network. As agents learn per connection, a higher number of connections further suggests that

the agents are able to learn more from each other and develop their business skills further.

However when these results are compared against agents who are not connected to the hub, it

is noted that the magnitude of the estimate of average node degree is much lower for agents

who are connected to the hub. This implies that being connected to a formal institution like

the growth hub reduces the reliance of agents on informal networks and they benefit more from

formal network connections. This also suggests that in sparse rural locations where networks

are less dense, the presence of a growth hub can greatly benefit entrepreneurs and further

encourage entrepreneurship.

The implication of this result suggests that when agents are connected to formal institutions

like support hubs , this connection provides them with ample knowledge, advice and support

for starting an enterprise that they overall seem to benefit by deriving a higher utility from

their occupation as an entrepreneur. The aim of the growth hub is to provide personalised

support in the form of business information, offering specialised courses which improve agents

business skills, facilitating networking amongst entrepreneurs and provide business support &

advisory services in all areas of business. Hence a public policy encouraging the presence of

growth hubs particularly in sparse rural areas would significantly enhance the chances of agents

pursuing entrepreneurship.

In the model radius represents the area which is under the influence and coverage provided by

the growth hub. Agents not only benefit by making a connection to the growth hub but they

also benefit from the networking opportunities provided by the growth hub. However if agents

are situated far away from the growth hub and do not fall under its radius, then they would
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not connect to the growth hubs although they are still able to connect with their nearby agents

thereby forming informal connections. Results from table 6.3 suggest that when agents are not

connected to the hub, radius still has a positive impact on the growth rate of entrepreneurship

amongst such agents. This result indicates that the larger is the area covered by the growth

hub, the greater is its indirect impact on agents who are not connected to the hub. This is due

to the fact that when a greater number of agents are connected to the hub, then more agents

would be able to form informal connections with such agents. Since agents share information

and knowledge through informal connections this implies that agents who are not connected to

the hub are still able to receive superior quality information through their informal connections

with agents connected to the hub which thereby contributes towards a higher growth rate of

entrepreneurship amongst such agents.

The eigenvector centrality of an agent is the amount of influence an agent has on the network.

The mean of the eigenvector centrality values also indicates that when agents are connected

to the hub this value is high, which implies that such agents overall have a greater influence

on the network. This fact also supports the multivariate regression results which indicate that

radius exerts a positive influence upon agents who are not directly connected to the hub, as

by being connected with agents who have a higher eigenvector centrality value, they are able

to receive its benefits through these informal connections.

This result has a direct policy implication suggesting the expansion of coverage area under

the growth hubs. This would imply that growth hubs should be made available locally so a

maximum number of agents can benefit. This is particularly helpful for sparse rural businesses

as they usually struggle to find formal institutions support and lack of any other networking

opportunities. Existence of local growth hubs can overall have a positive influence on the

growth of entrepreneurs in the area.
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Figure 6.1: Comparison

Figure 6.1 shows a comparison between the overall growth rate of rural entrepreneurship be-

tween agents who are connected to the hub and agents who are not connected to the hub.

The box plots show that when agents are connected to the hub at lower wages, the median

percentage growth of entrepreneurship is about 50% and at higher wages it is about 30%

whereas when agents are not connected to the hub, the median growth in entrepreneurship is

about 15% at higher wage levels but its about 50% at the low wage levels. This indicates that

networking and support provided by the growth hub negates the effect of higher wages and

hence contributes positively to the growth rate of entrepreneurship in rural areas.

6.6.2 Interaction effects

Global sensitivity analysis must be able to highlight the interaction effects, this is especially

of great importance for non-linear models (Saltelli, 2002). Agent-based models are essentially

complex systems where interaction between agents results in complicated and non-linear dy-

namics. Hence when carrying out sensitivity analysis it is imperative to take into account the



6.6. RESULTS AND POLICY IMPLICATIONS 146

effect of these non-linear interactions. An interaction effect essentially highlights the fact that a

relationship is dependent upon the values of another variable and also indicates the conditions

under which such relationships can change in magnitude or direction (Aguinis & Gottfredson,

2010). It is thus imperative to examine what impact does interactions of inputs have on the

model output. Bearing the importance of interaction effects in mind, this section particularly

looks at all the interaction effects across the three model variants. The interaction effects are

presented in tables 6.4 (Model 1), 6.5 (Model 2) and 6.6 (Model 3) respectively. This is then

followed by a presentation and analysis of the plots for the interaction effects whose p-values

are significant.

Response variable Ri
Factors

Factors x1 x2 x3 x4 x5 x6
current-base-wage (x1) −2.09∗∗∗ −0.04∗∗∗ −0.01 −4.581e− 05 0.05∗∗∗ 0
switching-cost-limit(x2) 0.13∗∗ −0.08 0 −1.6∗∗∗ 0

wage-stickiness (x3) −0.87∗ −0.01 0.22 0
delta (x4) −0.07∗∗∗ −9.398e− 05 0

average-node-degree (x5) 10.78∗∗∗ 0
radius (x6) 0

Significance codes: p < 0.001∗∗∗ p < 0.01∗∗ p < 0.05∗

Table 6.4: Interaction Effects: Model 1

Table 6.4 presents all the interaction effects for Model 1. The first interaction term which

has a significant p-value is the interaction between wages and the switching cost limit. The

sign of this interaction term is negative which indicates that higher are the market wages,

lower is the impact of a higher switching cost on the growth rate of entrepreneurship. This

is because when agents are earning a higher wage rate in the market, they are less likely to

switch into entrepreneurship, hence lower is the impact of switching cost on the growth rate

of rural entrepreneurship.

Secondly another positive and significant interaction effect is between wages and the average

node degree. This significant interaction implies that when agents have a large number of

connections, even at higher wage levels, this has a positive impact on the overall growth rate of

entrepreneurship. This is due to the fact when agents have a large number of connections, they

are able to expand their knowledge and thereby derive a higher utility from entrepreneurship.
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And lastly another negative and significant interaction term in the model is between average

node degree and the switching cost limit. This interaction term suggests that when agents have

a higher average node degree i.e. they are able to form more connections with other agents.

Then this knowledge acquired through connections allows them to improve their factor pro-

ductivity to such an extent that they are able to derive a higher utility from entrepreneurship

and hence higher switching costs have a lower impact on the growth rate of entrepreneurship.

Response variable Ri
Factors

Factors x1 x2 x3 x4 x5 x6
current-base-wage (x1) −1.99∗∗∗ −0.04∗∗∗ −0.02 −3.407e− 04∗ 0.09∗∗∗ 0.01∗∗∗

switching-cost-limit(x2) 0.11∗ −0.08 0 −1.57∗∗∗ −0.005
wage-stickiness (x3) −1.08∗ −0.003 0.11 −0.01

delta (x4) −0.07∗∗∗ −4.033e− 04 1.572e− 04
average-node-degree (x5) 11.02∗∗∗ 0.05

radius (x6) 0.75∗∗∗

Significance codes: ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05

Table 6.5: Interaction Effects: Model 2

Table 6.5 presents all the interaction effects for Model 2. In this model, the first interaction term

which has a significant p-value is the interaction between wages and the switching cost limit

which is similar to the result obtained in Model 1. Secondly another positive and significant

interaction effect is between wages and the average node degree. This significant interaction

term is also similar to Model 1. Lastly in this model the interaction term between wages

and radius is positive and significant highlighting the fact that even at higher wage levels, if

the area of coverage under the growth hub is large and a larger number of agents are able to

connect with the growth hub, this ultimately has a positive impact on the growth rate of rural

entrepreneurship. And lastly another negative and significant interaction term in the model

is between average node degree and switching cost limit which is again similar to the result

obtained for Model 1.

Lastly table 6.6 presents the interaction effects for the fully connected model variant (Model

3). Here in this table the significant p-value and negative interaction terms are between wages

and switching cost limit, switching cost limit and average node degree, wages and delta (fixed

operating costs) and finally switching cost limit and radius. The first two interaction effects
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Response variable Ri
Factors

Factors x1 x2 x3 x4 x5 x6
current-base-wage (x1) −1.83∗∗∗ −0.05∗∗∗ −0.009 −7.272e− 04∗∗∗ 0.06∗∗∗ 0.03∗∗∗

switching-cost-limit(x2) −0.94∗∗∗ −0.06 0 −0.73∗∗∗ −0.09∗∗∗

wage-stickiness (x3) −0.76 0.005 −0.24 0.02
delta (x4) −0.07∗∗∗ 0 −4.5e− 04

average-node-degree (x5) 5.6∗∗∗ −0.5∗∗∗

radius (x6) 1.78∗∗∗

Significance codes: p < 0.001∗∗∗ p < 0.01∗∗ p < 0.05∗

Table 6.6: Interaction Effects: Model 3

are similar to the ones obtained in Model 1 and Model 2. The interaction term between wages

and delta (fixed operating costs) is negative, this implies that higher are the wages lower is the

impact of fixed operating costs on the overall growth rate of entrepreneurship. This is due to

the fact when wages are high an agent would be able to derive higher utility from employment

and hence more likely to into switch employment. The positive and significant interaction

terms in the model are between wages and radius and between wages and average node degree

which is similar to the results from Model 2.
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6.6.3 Interaction Plots

Figure 6.2: Interaction Effects

Figure 6.2 shows the interactions between switching-cost-limit and the average node degree

and its impact on the growth rate of entrepreneurship. This interaction between these two

variables exerts a negative impact on the overall growth rate of rural entrepreneurship across

all three model variants. The interaction term highlights that at higher values of average

node degree, higher switching cost has a lower impact on the growth rate of entrepreneurship.

This result is fairly intuitive as it suggests that the benefits derived from both informal and

formal networking are able to negate the impact of higher switching costs as higher number of

connections are able to improve the skills and knowledge of agents to such an extent that they

can derive higher utility from their occupation of entrepreneurship.
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Figure 6.3: Interaction Effects

In the third model variant (Model 3) the interaction term between the average node degree

and radius is negative and significant. This implies that as the radius increases which is

the area covered by the growth hub, the impact of higher number of informal connections

reduces. Figure 6.3 shows the impact of interaction on the growth rate of entrepreneurship

where different slopes indicate the presence of an interaction effect. This result is a strong

indicator of the fact that when agents are connected to formal institutions like the growth hub,

they are able to receive better business support,information and other facilities. This implies

that the presence of formal institutional support lowers the impact of having a greater number

of informal connections (average node degree) and thus it has a lower impact on the growth

rate of entrepreneurship.
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Figure 6.4: Interaction Effects

Figure 6.4 shows a significant negative interaction between wages and the switching-cost-limit.

This effect is the most pronounced in (Model 1). The result indicates that higher are the wages

lower is the impact of switching costs on the overall growth rate of rural entrepreneurship.

The presence of higher wages implies that agents want to stay put in their employment and

find entrepreneurship less attractive as an occupation. This result is most pronounced in

(Model 1) where agents only form informal connections with other agents, however it is the

least pronounced in (Model 3) where growth hubs offer networking opportunities with other

entrepreneurs. The result strongly indicates the importance of formal institutional support

over informal network connections. When agents receive formal institutional support they

are able to upgrade their skills and knowledge and hence are able to derive higher utility

from entrepreneurship as compared with the scenario when they just form informal network

connections. The knowledge and skills upgrade is able to negate some of the effects of the

higher wages and hence reduce the impact of higher wages in Model 3.
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Figure 6.5: Interaction Effects

Figure 6.5 shows a significant interaction between wages and average node degree. The results

indicate that higher are the number of connections of an agent (average node degree) higher is

the growth rate of entrepreneurship observed at higher wage levels. This implies that although

the market wage rate is high enough to attract individuals into employment however the

impact of higher wages is less pronounced on the percentage growth in rural entrepreneurship

in the case when agents have a larger number of connections. This effect is positive and

significant across all three model variants which implies that both formal and informal network

connections act as a valuable source of knowledge and skill learning for entrepreneurs. Better

knowledge about the entrepreneurial processes and better business management skills in turn

help entrepreneurs derive higher utility from entrepreneurship, hence they are able to choose

entrepreneurship over employment.
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6.6.4 Spatial Frictions Agent-Based Model (Model 4): Results

Coefficients:

Regression Estimates:

Spatial Frictions

(% growth entrepreneurship)

(Intercept) 156.28∗∗∗

current-base-wage −1.69∗∗∗

switching-cost-limit −1.17∗∗

wage-stickiness −0.83∗∗

delta −0.07∗∗∗

average-node-degree 3.91∗∗∗

radius 0.86∗∗∗

cost-of-travel −13.34∗∗∗

Significance codes: p < 0.001∗∗∗,p < 0.01∗∗, p < 0.05∗

Table 6.7: Multivariate Regression results- Spatial Frictions (Model 4)

The results of the multivariate regression analysis for the agent-based network model with

spatial frictions (Model 4) are presented in table 6.7. As the p-value for cost of travel is

significant and the coefficient bears a negative sign. The results highlight that the cost of

travel has a negative impact upon the growth rate of entrepreneurship in the model. This is

due to the fact that higher travel costs often discourage agents from making a connection with

the growth hub and hence in order to avoid the costs they do not attempt to make a connection
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with the growth hub. Since the agents are not connected to the hub, hence they do not receive

any advice and other benefits such as networking opportunities, new courses on offer, business

advice and so-on. Public policy focussing upon improving roads and transportation facilities

in rural areas can significantly lower the cost of commuting. A low commuting cost can

thereby encourage entrepreneurs living in sparse locations to connect with formal institutions

like the growth hub and engage in networking opportunities and support services offered by

such institutions. Receiving support would ultimately help the agents to improve their factor

productivity and realise higher profits from entrepreneurship.

In the presence of travel cost, average node degree still has a significant p-value which is

positive, indicating that it has a positive impact on the growth rate of entrepreneurship. This

implies that even when agents are unable to connect with the growth hub, they still benefit from

having more informal connections with other agents. As agents learn from each other, higher

are the number of connections of an agent with other agents, the more they learn and improve

their business knowledge and hence they are still more likely to choose entrepreneurship. This

result strongly indicates the importance of both formal and informal connections in the presence

of spatial frictions.

6.6.5 Interaction Effects - Spatial Frictions (Model 4)

Ri
Factors

Factors x1 x2 x3 x4 x5 x6 x7
x1 −1.69∗∗∗ −0.05∗∗∗ −0.009 −7.272e− 04∗∗∗ 0.06∗∗∗ 0.03∗∗∗ −0.27∗∗∗

x2 −1.17∗∗∗ −0.06 0 −0.73∗∗∗ −0.09∗∗∗ 0.44∗∗∗

x3 −0.83∗∗ 0.005 −0.24 0.02 0.14
x4 −0.07∗∗∗ 0 −4.527e− 04 0
x5 3.91∗∗∗ −0.5∗∗∗ 3.35∗∗∗

x6 0.86∗∗∗ 1.49∗∗∗

x7 −13.34∗∗∗

SigCode p < 0.001∗∗∗ p < 0.01∗∗ p < 0.05∗

Table 6.8: Interaction Effects: Model 4

Table 6.8 presents all the interaction effects for the agent-based network model with spatial

frictions (Model 4). Table 6.9 is a key for table 6.8 and lists the names of all the coefficients

presented in table 6.8. The first interaction term which has a significant p-value is the interac-
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Coefficients:

current-base-wage x1
switching-cost-limit x2

wage-stickiness x3
delta x4

average-node-degree x5
radius x6

cost-of-travel x7

Table 6.9: Table Key: Interaction Effects (Model 4)

tion between wages and the switching cost limit. The sign of this interaction term is negative

which indicates that higher are the market wages, lower is the impact of a higher switching

cost on the growth rate of entrepreneurship. This is because when agents are earning a higher

wage rate in the market, they are less likely to switch into entrepreneurship, hence lower is the

impact of switching cost on the growth rate of rural entrepreneurship. The other interaction

terms with a significant p-value and a negative sign (wages and delta, wages and average node

degree, wages and radius) are similar to the ones observed for model 1, 2 and 3. The most

important interaction term with a significant p-value and a negative sign which is unique to

Model 4 is the interaction between wages and cost of travel. This interaction effect implies

when market wages are high, then cost of travel has a lower impact upon the growth rate of

entrepreneurship. This can be explained in terms of the model behaviour, where the main

objective of agents is to choose an occupation which gives them highest utility. When market

wages are high, in that case most agents choose employment over entrepreneurship as an oc-

cupation and hence a travel cost of making connection with the growth hub does not play a

major role in influencing the overall growth rate of rural entrepreneurship.

Another important interaction term with a significant p-value and a positive sign is the interac-

tion between cost of travel and average node degree. This interaction effect is quite intriguing

and it sheds some light on the importance of informal connections. This interaction effect

suggests that even when the cost of travel is high, the agents with a higher number of informal

connections are able to learn and upgrade their business knowledge through these connections.

Hence this interaction contributes positively to the overall growth rate of entrepreneurship.

And lastly the interaction term between radius and cost of travel is positive and significant.
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This effect highlights an interesting model behaviour, and it implies that when the area cov-

ered by the growth hub is large, this not only benefits the agents who are connected with the

growth hub but also benefits agents who make informal connections with agents connected to

the hub.

Interaction Plots- Spatial Frictions

Figure 6.6: Interactions

Table 6.8 shows the impact of all interactions amongst independent variables on the overall

growth rate of entrepreneurship in the presence of travel costs. The most significant interaction

is between average node degree and cost of travel. The interaction between these two variables

has a positive impact on the growth of entrepreneurship. Figure 6.6 shows the interactions

between these two variables. When an agent has higher number of informal connections,

commuting cost has a relatively less negative impact on the growth of entrepreneurship as

compared with when agents have lower number of connections. This is because networking

allows agents to improve their business knowledge and this ultimately improves the overall

utility they derive from their occupation.
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Figure 6.7: Interactions

The interaction of radius and travel cost also has a significant and positive impact on the

overall growth rate in entrepreneurship. This impact is particularly pronounced at higher

commuting cost. When the commuting cost is high but the area of influence of the growth hub

is also large this implies that a lot of agents can connect to the growth hub without incurring a

cost to travel which ultimately has a positive impact on the growth in entrepreneurship. This

also further suggests that agents who are not able to connect with the hub due to high travel

costs can still connect with agents who are connected wit the hub, and thereby upgrade their

business knowledge. Figure 6.7 shows the interaction between these two variables.
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Figure 6.8: Interactions

Another significant interaction is between wages and the cost of travel. The coefficient of this

interaction term between wages and cost of travel is negative and significant. This implies

that when agents receive higher wages then a higher cost of travel has a lower impact on

their decision to choose entrepreneurship Figure 6.8 shows the interaction between these two

variables and its impact on the overall growth rate of entrepreneurship.

6.7 Verification and Validation

This section presents both the validation and verification of the agent-based network models

developed in this chapter. Verification is the process of ensuring that the model doesn’t have

any anomalies and is behaving according to the modelling rules set by the model developer.

According to (Wilensky & Rand, 2015), model validation is the process of determining whether

the model under consideration is able to explain a real world phenomenon. For model validation

and verification, the model is fitted with values originating from real-world datasets. Agent-

based models are hard to validate due to the stochastic nature of these models (Wilensky
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& Rand, 2015). The model under consideration (Model 3) is macro-validated using pattern

oriented modelling technique as described by Railsback and Grimm (2011) where real world

output values are obtained by fitting the model with real world data, and a pattern of the

parameter values obtained at that output level is noted.

The agent-based model input data is set-up by using data gathered from various sources.

The variables which receive input values in the agent-based model are employees wages, land-

productivity and operational costs of the business. For operational costs, as these costs vary

according to the business type and general cost data is unavailable it is assumed that agents

incur zero fixed operational costs except rental cost. Rental cost data proxies the fixed op-

erating costs of the business. For data sources see section 4.7. For the agent-based network

models presented in this chapter, to assess the impact of rural growth network (RGN’s; see

section 6.2) pilots for the period they were active, data from the business demography dataset

which comprises of an annual data on births, deaths and survivals of businesses in the UK, by

geographical area and Standard Industrial Classification 2007: SIC 2007 groups is employed

to fit input values in the model. The birth rate data from 2012-13 is used to calculate the

percentage growth rate of businesses across the different counties where RGN’s were launched.

For case studies, and to assess the impact of RGN’s on rural businesses since their inception,

county specific business birth rate data is used to calculate the percentage growth rate of busi-

nesses between 2012-2013. From 2012-13, the percentage growth rate of businesses is examined

for the following counties: Durham, Cumbria, Warwick, Wiltshire, Devon and Somerset. The

model is fitted with the values from these real data-sets. The real data values have been scaled

to fit the model proportions so that it they do not outstrip other model parameters, whose

data is not available. The parameter values are presented in table 6.10.
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Variable type Variable Name Value/Range/Description

Input current-base-wage [64,87,110]

switching-cost-limit [8,12,16]

wage-stickiness [0.1,0.6,1]

δ [80,120,160]

average-node-degree [1,2.5,4]

α [ random-float 1 ]

β [ random-float 1 ]

land-productivity [ 78 + random 33 ]

γ [1]

land-unit [ 1 ]

Output percentage-growth-entrepreneurship

Table 6.10: Input and Output Variables - Behaviour space Experiments

Coefficients
Regression Estimates:

Fitted Non-Fitted

(% growth new-entrepreneurs) (% growth new-entrepreneurs)

(Intercept) 47.07∗∗∗ 118.63∗∗∗

current-base-wage −2.06∗∗∗ −1.83∗∗∗

switching-cost-limit −2.75∗∗∗ −0.94∗∗∗

wage-stickiness −0.75 −0.76

delta −0.07∗∗∗ −0.06∗∗∗

average-node-degree 11.15∗∗∗ 5.6∗∗∗

radius 5.01∗∗∗ 1.78∗∗∗

Significance codes: p < 0.001∗∗∗,p < 0.01∗∗, p < 0.05∗

Table 6.11: Model Verification: Real Data Vs Data models (Model 3)

After fitting the model with the available real world data, a BehaviourSpace experiment is

run in the NetLogo framework for various parameter values for the respective network model.
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BehaviourSpace is a tool which enables the smooth running of experiments by automatically

varying parameter values based on the specifications, running simulations and also writing

model output in the form of a CSV (comma-separated values) file. Firstly a BehaviourSpace

experiment is run for the fully connected network model (Model 3), which produces a large

dataset. In order to verify the model, a multivariate regression is run for the fitted model

and results are then compared with the non-fitted model. The multivariate regression results

comparison is presented in table 6.11. The results highlight that the impact of independent

variables on the output is similar between the model fitted with real data input values and the

previous versions of the model, hence verifying that the model is ’bug-free’ and produces the

same result as the non-fitted version.

Region Business

Growth %

(2012-13)

Wages Switching-

cost-limit

Wage-

Stickiness

Delta

County-Durham 34.7% 64 16 0.4 134

Cumbria-county 22.1% 82 12 0.6 117.6

Warwick-county 30.2% 81 12 0.4 122

Wiltshire 26.8% 64 14 0.4 112

Devon-county 24.3% 64 9 1 110

Somerset-county 29.8% 72 10 0.6 113

Table 6.12: Results: Regional Comparisons - Model 3

Table 6.12 present the results for the model validation. The model (Model 3) when fitted

with real world data sets is able to replicate the growth rate of businesses during the year

2012-13. During the year 2012-13, the business growth rate in Cumbria county was 22.1%,

the model has been able to produce this output value when the parameter values for wages,

switching-cost-limit, wage-stickiness and delta were at the values as presented in table 6.12

respectively. For all the counties presented in table 6.12, the model has been able to replicate

the real world business growth rate values with the real data. The pattern of the parameter

values obtained that produce real world output levels, for the model is also in alignment with
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the results produced by the non-fitted models. The parameter values suggest that when a

positive business growth rate has been observed for all counties, the average wage rate tends

to be on the lower side, also the rental cost values which proxy as the fixed operating costs of

the business also are between lower to medium range, which is in line with the multivariate

regression results obtained for the non-fitted version.

6.7.1 Validation: Quantitative, Qualitative and Academic Evidence

The aim of this section is to further validate the model results through evidence from case

studies, literature and reports which support the results obtained from the model.

Evidence: Academic Literature

This result is in line with the literature and several authors have stressed the importance of

formal and informal network connections as a source of knowledge diffusion. According to

Storper (1997) entrepreneurs do not carry out their business activities individually but they

rather get connected to formal and informal networks to obtain further business knowledge

and develop their business. Interactions through such networks further create conditions which

are conducive to entrepreneurship by encouraging adoption of innovation (Storper, 1997).

Malecki (2012) on a regional level found that information sharing was positively associated

with promoting learning both at individual and firm level. Rural entrepreneurs in the farming

sector who are focussing on farm diversification are often considered agents who are highly

responsive to innovation diffusion and studies which focus on farm diversification also highlight

the importance of farmer networking to support the spread of information and communication

in the rural economy (Hill, Bradley, & Williams, 2017);(Salemink, Strijker, & Bosworth, 2017);

(Mc Fadden & Gorman, 2016). Networks often act as a source of support, information and

knowledge and are instrumental in achieving economies of scale for businesses thus overcoming

the disadvantages of a peripheral rural location (Atterton, 2007).

The role and importance of informal networks has further been recognized by (Rosenfeld,

2002) who stress that informal networks are stronger and more important in rural than urban

areas. According to Rosenfeld (2002) most SME and micro-enterprise owners operating in rural
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areas have very little business experience, and on top of that they lack basic business skills

which are associated with business operations such as bookkeeping, training and marketing. In

such a scenario informal networks enable such entrepreneurs to collectively purchase services

and materials, spot new markets, share technologies, share business ideas and obtain business

contacts. Entrepreneurs rely on networks not only for business information and advice but

also for problem solving and resources (Hoang & Antoncic, 2003).

Barkham (1994) defined good information as knowledge about customer tastes, location and

spending power and draws a positive association between the amount of information held by

an entrepreneur and the growth of its new firm. FurtherMeccheri and Pelloni (2006) support

the importance of informal network ties for rural entrepreneurs. According to the authors

in rural areas learning is usually an informal process and local entrepreneurs are keen to

develop specialized knowledge within their environment, and thus informal networks act as

an important source of development for entrepreneurial skills which encourage the growth of

entrepreneurship. Klyver et al. (2007) suggest that social networks equip entrepreneurs with

a variety of resources such as information, access to finance, access to skills, knowledge and

advice.

Fløysand and Sjøholt (2007) and Ring et al. (2010) also highlight the significance of business

networks and embeddedness to rural firm success. S. L. Jack and Anderson (2002) further

highlight the importance of embeddedness for rural entrepreneurs, embeddedness within the

social structure provides opportunities and improves performance and is imperative for the

survival of rural businesses. Chell and Baines (2000) confirm that information and resources

which are acquired through being embedded in the social structure compensates for constraints

faced by entrepreneurs and in turn fosters growth of entrepreneurship. Korsgaard et al. (2015)

study the use of placial embeddedness and strategic networks by rural entrepreneurs to create

opportunities for themselves. Their findings suggest that rural entrepreneurs use a mix of

placial embeddedness and strategically built non-local networks to create opportunities for

themselves.

The experiments for the third network structure which is a fully connected network representing

the networking opportunities facilitated by the growth hubs offers an important insight on the
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importance of formal network connections in rural areas. The results from the experiment

suggest that when agents are connected to the growth hub and when agents receive formal

institutional business support,the number of informal connections they have does not have a

strong impact on their skills improvement. As formal institutions are able to provide tailored

courses, give proper business advice and encourage networking amongst individuals, agents are

less reliant on the support of informal networks.

Another interesting result obtained from the non-linear interaction of variables in the model is

the positive impact of radius on the overall growth in entrepreneurship. As radius represents

the area of impact/coverage of the growth hub, this result suggests that when some agents are

able to connect to growth hub because of their proximity to the hub there are indirect benefits

of the growth hub for agents who form informal network connections with agents connected to

the growth hub. Since agents share information through informal connections this implies that

agents who are not connected to the hub receive superior quality information through their

informal connections which results in a higher growth rate of entrepreneurship amongst such

agents. This result has been widely supported in literature by various authors who support

the importance of formal institutional support for rural entrepreneurs.

Bergek and Norrman (2008) state and highlight the four common features which are shared by

all business hubs. These features include shared office space, shared support services which are

instrumental in reducing the overall overhead business costs, provision of support and advice

and opportunity to network with other businesses. Out of these four features the analysis

of networks featured in chapter 6 of this thesis incorporates the role of growth hubs in pro-

viding professional business support (skill building courses) and advice and the opportunity

of networking. Cowie et al. (2013) study the role of enterprise hubs in promoting rural en-

trepreneurship and their studies reveal that one of the barrier which has become more of an

issue recently for rural entrepreneurs is networking with other businesses to gain new contacts

and access to new markets. The authors study shows that growth hubs provide businesses with

opportunities to share their knowledge and hence they act as a focal point in the transmission

of knowledge in the rural economy, which helps overcome problems of isolation, lack of capacity

and skills. Growth hubs also provide businesses with networking benefits not only with other
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businesses but also to institutions.

Additionally, through their study Lowe and Talbot (2000) highlight the importance of business

support services for rural SME’s and micro-businesses. Their project covered small rural

businesses in the counties of Durham, Northumberland and Tees Valley with a focus to study

the impact of knowledge based business support i.e. provision of information and advice on

rural businesses. Lowe and Talbot (2000) found that learning ability of a firm is the main reason

for its competitive advantage and since smaller rural tend to be more socially embedded than

larger rural firms they are particularly dependent on informal and formal sources of advice

and knowledge. Further study by (Fuzi, 2015) also highlights the important role played by

institutional support in generating networking opportunities for businesses. They emphasize

that an institution like a business hub can provide intangible benefits to businesses through

entrepreneurial networking, mentoring and knowledge exchange. Such environments foster

networking opportunities and social interactions thereby aiding in the further development of

entrepreneurial activities. Chell and Baines (2000) argue that networking by owners of small

businesses leads to an improvement in business performance. The authors conduct a study

using quantitative data from 104 and qualitative interview data from 34 microbusinesses and

find an association between networking amongst firms and their business performance.

Katonáné Kovács and Zoltán (2017) also highlighted the role of enterprise hubs in the devel-

opment of rural entrepreneurship. Their results suggested that although the physical structure

provided by the enterprise hubs is important, it is the networking opportunities offered by

such hubs which make them successful in promoting rural entrepreneurship hence the role of

initiators/hosts is important who carry out events to bring businesses together and thereby

facilitate development of further entrepreneurship. (Ring et al., 2010) further highlight the im-

portance of formal network connections and describe them as a way for rural firms to overcome

the limitations of market and resources.

Quantitative evidence and Impact on rural businesses: RGN pilots

Over 60 different projects and around 9000 beneficiaries were supported by the five pilots

through early 2013, (SQW, May 2016). In terms of the impact of the RGN pilots, report
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from (SQW, May 2016) suggests that till September 2015, these pilots were able to secure

2200 jobs and were instrumental in the creation of over 700 businesses. As per the survey

evidence RGN’s achieved varied benefits which were instrumental in overcoming the barriers

identified by Rural Economic Growth Review (REGR). RGN’s were further helpful in building

and improving skills of individuals which was one of the barriers for business growth. The

pilots were most successful in overcoming some of the barriers identified by REGR. These

were particularly in the form of providing business support to the local businesses, providing

networking opportunities for the entrepreneurs and facilitating training and improving the skill

set of individuals. Survey evidence indicated that around 70% of the businesses benefited from

RGN’s advice and became more confident in growing their business, another 70% reported

improvement in their business skills, 60% reported improved access to business support and

50% reported an improvement in their networking with other firms. In addition over one third

of firms reported an increase in their turnover due to the support they recieved from RGN’s.

As per the final evaluation report of the RGN’s in May 2016, the GVA of the initiative was

estimated around £16.6m to date and it is projected at £56.6m in the next three years, (SQW,

May 2016).

One of the key pilot objective was building networks and around 50% of the businesses reported

that they were successfully able to build networks. Businesses benefited from exchanging ideas

and knowledge from each other. They also reported that they were able to form better new

connections and one to one connections, which were not possible before. They found this

particularly helpful as they were able to feel a part of the network and not isolated. Businesses

were also able to share common problems faced by them and various solutions for the small

business related problems. This was particularly helpful for businesses which are situated

in sparse rural location and as a result often feel isolated. These networking benefits were

achieved through engaging and participating in networks which were facilitated by RGN’s.

In addition networking benefits were also realised through business support events and also

through Growth hubs in isolated locations. Growth hubs were particularly helpful for those

entrepreneurs who were working from home. Case studies suggest that being part of the

network encouraged individuals to start their own business. One such example is from the
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Castledown Enterprise centre in Wiltshire, here the individual attended an enterprise event in

the hub which enabled them to set up their own business (SQW, May 2016).

The RGN pilot initiative primarily focussed on helping micro and new entrepreneurs (start-

ups). They were successful in improving stock of business accommodation however had limited

impact on transport infrastructure, mainly due to funding issues. The pilot initiative was also

successful in channelling investment through local stakeholders by expanding their overall

knowledge of the rural economy.

With the help of support rural businesses are able to grow and capitalize on new opportunities.

Out of the beneficiaries which received support from the RGN pilots, 75% were located in

rural areas. 61% of the beneficiaries already had a business prior to receiving support from the

RGN pilots, the other 21% were new start-up businesses and 18% were individuals (SQW, May

2016). The results from the SQW Analysis of Beneficiary survey is able to gauge the impact

of RGN’s under different categories of benefits they obtained through RGN pilots. 75% of the

pre-existing businesses gained confidence to grow their business and 69% of the new businesses

also gained confidence about business growth. 69% of the new start-ups and 63% of individuals

experienced an improvement in their business skills, which allowed them to either scale up or

start a new business with the help of support from growth hubs. In addition beneficiaries

also reported a significant increase in the access to business support which is one of the main

barriers faced by rural businesses. Around 50% of the beneficiaries were able to build networks

after receiving RGN support.

Overall RGN pilot initiative has been successful in helping rural businesses. From their launch

period to September 2015 these pilots were not only able to create 700 new businesses but

also safeguard around 2200 jobs. The cost per job created by the pilots was around £19,400

(SQW, May 2016). The pilots were most successful in building skills, providing training and

business support in local areas and providing networking opportunities for businesses. A

survey evidence indicated that with the help of these RGN pilots businesses were able to

achieve investment in innovation and lower their business costs. About 20-30% of businesses

experienced an increase in their productivity and profitability (SQW, May 2016). Another

10-15% reported that support resulted in higher wages. Most businesses particularly new
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start-ups reported that they wouldn’t be able to achieve success at such a scale without the

support of RGN initiatives. Due to the RGN initiative support received by rural businesses

another one-third of businesses reported an improvement in their turnover. The average uplift

in turnover was c£25,000 (SQW, May 2016). The average gross effect on turnover was just

over £63,000 however this impact varied depending on the basis of the kind of business support

these businesses received. RGN pilot initiative generated £16.5m in net GVA till September

2015 equating to an average GVA impact of c.£2,640 per business beneficiary.

Case Study: Cumbria Growth Hub

Cumbria RGN pilot received a funding of £3.6m. The aim of the pilot was to support 480

business start-ups and secure 900 jobs in the local area (Department for Environment, Food

and Rural Affairs, 2015). Businesses in rural areas are short of support and help they need for

their growth and development from local authorities. To address this gap Cumbria business

growth hub was established by Cumbria chamber of commerce in 2012 as a pit-stop for all

kinds of support for rural businesses.

Since its inception, the Cumbria business growth hub has supported more than 6800 businesses

out of which 2000 businesses received extensive support for their growth. In addition the growth

hub safeguarded 6284 jobs and generated £280m GVA, (Cumbria Chamber Of Commerce,

2017). Cumbria growth hub provides businesses with a range of support services which are

helpful for their growth. Their support services include one-to-one advisory for new enterprises,

networking opportunities for local businesses, workshops , training of all kinds which improves

business productivity, subsidies and online-tools.

In a rural setting like Cumbria its not easy for businesses to form networks and relationships.

GrowthTwenty events run by the Cumbria growth hub provide networking opportunities with

other businesses, finding potential customers, suppliers and exchange new ideas. Along with

the networking events they also run a number of workshops which cover a whole range of

topics from cost management to techniques of growing business. The aim of the growth hub

is to provide targeted networking opportunities for all businesses. To address this they have

various networking programmes which target specific businesses such as the family business
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network,the farmer network, women’s networks and the ultimate business network offered by

Cumbria chamber of commerce. The ultimate business network supports enterprises of all

sizes and sectors and runs around 200 events with 4000 partcipating buisnesses, (Cumbria

Chamber Of Commerce, 2017). The Farmer network aims to support farming entrepreneurs

in Cumbria and Yorkshire Dales. The aim of the farming network is to create a sustainable

farming community, maximise income, reduce business costs, provide sources of information

and education and raising the profile of farming in general. Women’s network acts as a focal

point for women entrepreneurs in the region and it gives them an opportunity to grow their

business and improve their business skills.



Chapter 7

Discussion and Conclusion

7.1 Introduction

This chapter summarizes the overall study and highlights the main findings of this thesis. It also

discusses the results of the thesis and further draws a comparison between these results with the

findings in the literature. An important feature of the rural labour markets is entrepreneurship,

however despite its importance there is a lack of academic research in this field. Most of the

research has particularly focussed upon urban entrepreneurship leaving a gap in literature

around rural entrepreneurship. The aim of this thesis was to address this gap in literature and

shed some light on the importance, drivers and impact of rural entrepreneurship in the UK

rural labour market. The thesis looked at the characteristics of rural labour markets in the

UK, the factors which act as drivers of rural entrepreneurship, explored the role of policy in

supporting rural entrepreneurship and finally looked at the role of networking in encouraging

rural entrepreneurship.

This chapter is structured as follows. Section 7.2 provides a brief of the study chapters and

highlights the main findings from these chapters (Chapter 3, 4, 5 and 6). The next section

(section 7.3) highlights the contribution of this thesis to the literature followed by section 7.4

which discusses the future research suggestions.

170
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7.2 Findings and Contribution

The aim of this section is to summarize the study chapters of the thesis and present the main

findings from these studies which make an important contribution. The section starts by

reviewing the role of networks (chapter 6) and highlights the main findings from this chapter.

This is then followed by the findings about the drivers of rural entrepreneurship in the UK

(chapter 3 and chapter 4) and finally the findings from the policy chapter (chapter 5) are

presented in this section.

7.2.1 Role of Networks

The aim of chapter 6 was to examine the role of entrepreneurial networks in supporting rural

entrepreneurship. The chapter extends the agent-based model developed in Chapter 4 to in-

clude various network structures and includes the presence of a growth hub in the model. The

research questions which were answered in this chapter focussed upon exploring the benefits

of entrepreneurial networks for rural entrepreneurship, finding out how entrepreneurial ecosys-

tems support high growth entrepreneurship, how does embedding in an entrepreneurial social

network has an impact on the entrepreneurial outcomes and finally how does institutional

support helps in facilitating networking amongst rural entrepreneurs.

In chapter 6 experiments were carried out with different network structures in order to study

the impact of these network structures on the overall growth rate of rural entrepreneurship.

The three main network structures included are fully connected informal network structure,a

partially connected formal network structure and lastly the network structure which is a fully

connected formal network structure. And lastly the role of spatial frictions was examined in

a fully connected formal network model. Spatial frictions can be in any form ranging from

the cost of travelling to the opportunity cost of travelling. For the purposes of this thesis,

in this variant of the model spatial frictions were addressed as cost of travelling. The aim

of this variant of the agent-based model was to assess the impact of spatial frictions on the

effectiveness of the growth hubs in encouraging the growth rate of rural entrepreneurship. The

main findings of the chapter (chapter 6) are presented below in the form of answers to the

research questions the chapter aimed to address.
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How does networking benefit rural entrepreneurs?

It is imperative to understand what are the benefits of networking for rural entrepreneurs and

this was one of the main question which the chapter (chapter 6) focussed upon. One of the

benefits of networking is in the form of resources. Usually the resources are either tangible or

intangible. The chapter focussed on intangible resources in the form of knowledge, business

skills and advice and support provided by the growth hub which the agents were able to acquire

through networks. The resources which were derived from the network were also dependent

upon the nature of the connection i.e. formal or informal connection.

The results from the experiments conducted in Chapter 6 highlighted the importance informal

network connections for growth in rural entrepreneurship. Results suggested that in the first

scenario when agents are connected in an informal network setting and do not receive any

formal institutional support from the growth hubs, in that case informal connections amongst

agents act as a source of information and knowledge exchange which is conducive to the growth

of rural entrepreneurship. Also in the second model structure where only a few agents are

connected to the growth hub, the informal connections amongst agents play an important role

in sustaining and encouraging entrepreneurship. The result thus highlights the importance of

informal networks (individual networks) for rural entrepreneurs.

The importance of informal networks has been widely acknowledged in the entrepreneurship

literature. According to Harper-Anderson (2018) informal networks allow entrepreneurs to

access and learn about opportunities and resources. The result is also in line with the studies

of Rosenfeld (2002); Hoang and Antoncic (2003); Ring et al. (2010) and Meccheri and Pelloni

(2006); Hill et al. (2017); Salemink et al. (2017); Mc Fadden and Gorman (2016) who have all

highlighted the importance of informal networks for entrepreneurship. This research is hence

able to demonstrate that informal networking (individual networks) eases and smooths the

process of entrepreneurship. This is particularly important in the rural context where some

entrepreneurs are often isolated due to their remote rural location. Networking acts as a tool

for overcoming the challenges presented by rurality. This research is thus able to demonstrate

that networking is a critical component for rural entrepreneurship.
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How do entrepreneurial ecosystems support rural entrepreneurship?

Entrepreneurial ecosystems is the new concept which has been gaining popularity in both

management and entrepreneurial policy research recently Acs et al. (2014); Alvedalen and

Boschma (2017); Audretsch and Belitski (2017); Malecki (2018). Entrepreneurial ecosystems

are essentially the cultural, social, political and economic environments which support regional

or local entrepreneurship growth (Spigel & Harrison, 2018). However as noted by E. Stam

(2015),p.1761 “There is not a widely shared definition” of entrepreneurial ecosystems. As per

Spigel (2017) the material elements are represented by the institutions which support growth

of entrepreneurship. In the network analysis chapter, this thesis focussed upon the social and

material elements of the entrepreneurial ecosystems.

The results from the experiments highlighted the importance of formal institutional support

and informal network connections. The results also emphasized the importance of the number

of connections an agent has with both other agents and formal institutions like the growth

hub hence suggesting the importance of density of social networks. As per Hoang and Anton-

cic (2003) regionally dense social networks support entrepreneurship by enabling knowledge

circulation about new opportunities, technology and general entrepreneurial processes. En-

trepreneurs who have large networks with diversity are also at an advantage for identifying

opportunities in the market and learning new ideas Powell et al. (2005); A. R. Anderson and

Miller (2003). The results from this thesis also highlighted that through sharing informa-

tion and knowledge with other agents, the agents learn from each other and improve on their

general business skills. Aldrich and Yang (2014) also support this result and suggest that

social networks allow entrepreneurs to learn from each other and hence they are able to avoid

common mistakes which act as impediment towards the growth in entrepreneurship. Material

attributes in the form of institutional support (formal networks) are also found to be positively

and significantly associated with growth in rural entrepreneurship. Patton and Kenney (2005)

suggest that institutional assistance is conducive to high growth entrepreneurship.

Bibliometric evidence by Malecki (2018) on entrepreneurial ecosystems literature highlights

that so far most of the research done in this area has focussed upon entrepreneurial ecosys-

tems in general however with the exception of Stathopoulou et al. (2004) there is no specific
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study focussing on rural entrepreneurial ecosystems exclusively. This thesis however focuses

specifically upon the role of entrepreneurial ecosystems in fostering rural entrepreneurship and

thus makes a contribution to the rural entrepreneurship, entrepreneurship and management

literature. Most of the research done around entrepreneurial ecosystems has been typological

and atheoretical and has not focussed on exploring how entrepreneurial ecosystems influence

the process of entrepreneurship in general Spigel and Harrison (2018) leaving a gap in literature

which is addressed by this thesis targeted specifically towards rural entrepreneurship.

In addition the EE (entrepreneurial ecosystems) literature has not sufficiently explored the

role of institutions and their interactions within the entrepreneurial ecosystem (Alvedalen

& Boschma, 2017). However the role of institutions such as the growth hub has been the

main highlight of research in this thesis hence contributing significantly to the entrepreneurial

ecosystems literature. Miozzo and DiVito (2016) highlight the existence of heterogeneity in the

entrepreneurship process and stress that theoretical frameworks should take this into account.

The use of agent-based modelling for carrying out an analysis of networks in this thesis has been

able to capture heterogeneity amongst agents thereby it is able to overcome the shortcomings of

methodologies that do not account for heterogeneity. As per Alvedalen and Boschma (2017) so

far social network analysis has been missing from the research on entrepreneurial ecosystems.

This thesis hence adds to this gap in literature of entrepreneurial ecosystems by analysing the

impact of social networks.

How does embedding in a social network have an impact on the entrepreneurial

outcomes?

S. L. Jack and Anderson (2002) defined embedding as a mechanism which allows entrepreneurs

to become a part of local structure and environment. Since embedding helps in opportunity

creation, acquisition of resources and knowledge exchange between agents it has important

implications upon the entrepreneurial outcomes. Networking is an important process of the

social component of entrepreneurship, as it provides an embedding and linking mechanism for

the entrepreneur (A. R. Anderson, Dodd, & Jack, 2010).

This thesis highlighted the importance of both formal and informal network ties for rural
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entrepreneurs. However one of the important results from the experiments suggests that in

the presence of supporting institutions like the growth hub (formal network ties), the impact

of informal network ties is reduced. (Bauernschuster et al., 2010) also found that informal

connections are more valuable in smaller communities where there is lack of formal institutional

support however the importance of informal network ties reduces in the presence of formal

institutional support networks. This result hence illustrates that the extent to which an an

agent is embedded and the nature of ties has an important implication for entrepreneurial

outcomes for the agent. The findings thus confirm that information, resources and knowledge

acquired through being embedded helps overcome the constraints faced by rural entrepreneurs

and thus facilitates the entrepreneurial process (Chell & Baines, 2000).

In the rural context, the aim of entrepreneurial networking is to support the entrepreneurial

process. Being embedded in the local context allows entrepreneurs to efficiently draw upon

important resources, knowledge, contacts, information, advice and support which further helps

them exploit market opportunities hence creating a link between economic and social spheres

S. L. Jack and Anderson (2002); A. R. Anderson (2000); McKeever et al. (2015). Hence by

highlighting the importance of embedding mechanism for entrepreneurs in the rural context,

this thesis contributes further to the rural entrepreneurship literature.

What is the role of institutions in promoting networking amongst rural entrepreneurs?

There is a substantial body of research focussing upon the importance of informal network

ties however formal networks which make up a substantial proportion of an entrepreneurial

ecosystem has received much less attention in literature (Harper-Anderson, 2018). The aim

of this thesis was to address this gap in literature and extend the research focussing upon the

importance of formal institutional support in providing networking opportunities, advice and

knowledge support for rural entrepreneurs.

The results from the experiments in Chapter 6 confirmed the importance of growth hubs for

rural entrepreneurship. The results highlighted that the percentage growth in entrepreneurship

was much higher for agents who were connected to the growth hubs as compared with agents

who were not connected with the growth hub. This result showed that networking opportuni-
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ties and knowledge and training support provided by such institutions can enable entrepreneurs

to draw upon resources efficiently and hence facilitate the process of entrepreneurship. These

results have also been supported by authors such as Fuzi (2015); Katonáné Kovács and Zoltán

(2017); Ring et al. (2010); Meccheri and Pelloni (2006) who all emphasize on the role of insti-

tutional support in providing networking, knowledge, skill training and support opportunities

for entrepreneurs which ultimately facilitates the entrepreneurial process.

7.2.2 Drivers of Rural Entrepreneurship

What are the drivers of Rural Entrepreneurship?

In order to explore the drivers of rural entrepreneurship, an occupational choice model was

developed in Chapter 3 which was aimed specifically towards rural entrepreneurship. The

uniqueness of this model was that this was an occupational choice model featuring rural en-

trepreneurship as compared to most of the literature which features occupational choice models

of entrepreneurship in general. To further verify the results of the static model in a dynamic

framework, an agent-based model was constructed to study the occupational choice of agents

in a rural framework. In the agent-based model other factors such as switching cost, the im-

pact of wage adjustment and a fixed operating cost were further incorporated. In addition the

impact partial informal network connections was further assessed in Chapter 4.

Total Factor Productivity

The findings from the experiments highlighted the main drivers of rural entrepreneurship.

Through the occupational choice static model, the results indicated that when agents face

occupational choice under a constraint and their aim is to maximize the utility derived from

their occupation of choice, they always would choose an occupation which would give them

the highest amount of utility. Based on the variables of the model, this implied that when

all other factors were held constant and the fixed operating cost of running the business was

assumed to be zero, in this scenario an individual would choose rural entrepreneurship if

their land-productivity was higher than the current market wages. Higher land productivity

would imply that an agent is able to derive a higher set of utility from rural entrepreneurship.

Since land and labour were the only factors of production in the model, this result implies that
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productivity of any factors employed for producing the output on the whole makes an important

contribution to the growth of entrepreneurship in rural areas, since higher productivity enables

entrepreneurs to produce efficiently. Overall improvement in productivity can improve incomes

earned in rural areas (Department for Environment, Food and Rural Affairs, 2019b). Results

from chapter 4 (agent-based models) further confirmed the importance of land productivity

for rural entrepreneurs. Agent-based models which are able to capture the heterogeneity in

land-productivity which is faced by various agents in the model, highlighted that agents who

experienced higher rates of land-productivity were far more likely to choose entrepreneurship

over employment as their occupational choice.

During the industrial revolution most of the growth in rural entrepreneurship was largely driven

by improvements in productivity due to advances in agricultural technology and innovation in

machinery and equipment (Rosenberg & Foner, 1982). As per (Department for Environment,

Food and Rural Affairs, 2019b) report total factor productivity is an important driver of

land-based rural businesses . Several authors such as Salas-Fumás et al. (2014), Agarwal et

al. (2009), Webber et al. (2009) have also found a positive association between productivity

and the growth rates of rural entrepreneurship. Improving rural land productivity involves

introducing new techniques and equipment which can help improve both productivity and

resource management which further translates into improved business profitability and turnover

leading to rural business growth (Department for Environment, Food and Rural Affairs, 2018).

Wages and Wage stickiness

Additionally results from Chapter 4 also suggested a strong negative correlation between wages

and the supply of entrepreneurs. Higher wages are associated with low growth rate of en-

trepreneurship as higher wages reduce the incentives of entrepreneurship and agents choose to

enter labour market to find wage employment (Kanniainen & Vesala, 2005). In their occupa-

tional choice model Kanniainen and Vesala (2005) also find that lower wages also reduce the

probability of agents in finding a job and hence has a counter-effect of pushing agents towards

entrepreneurship. Further Modrego et al. (2017) found a negative effect of wages on the supply

of entrepreneurs in their occupational choice model. Higher wages in the labour market often

increase the opportunity cost of entrepreneurship hence exerting a negative influence upon the
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supply of entrepreneurs (Modrego et al., 2017). Rural labour markets are often character-

ized by low wage levels and poor labour market opportunities which often pushes individuals

towards entrepreneurship (Faggio & Silva, 2014).

Costs

In addition the model studied the impact of fixed operating cost on rural entrepreneurship, the

results from the agent-based model suggested that higher fixed operating costs had a negative

impact on the growth in rural entrepreneurship. This is particularly important for rural busi-

nesses as they face higher costs of running the business due to the nature of rurality. They face

higher costs on different fronts such as transportation, supply-chain management and sourc-

ing inputs. Higher costs often have an impact on the profitability that a business generates.

Lower profitability of a business can often deter individuals from becoming entrepreneurs in

rural areas. In general the results indicate that higher costs of running a business is often an

impediment in the growth rate of entrepreneurship in rural areas. Bianchi and Bobba (2012)

analysed a welfare program in rural Mexico and found that cash transfers significantly increased

entry into entrepreneurship highlighting that costs were a significant financial constraint for

rural businesses. Further Fonseca et al. (2001) also find a negative relationship between costs

and growth rates of entrepreneurship.

Switching Costs

Results from the agent-based models further show that other factors such as the switching cost

also have a negative impact on the overall growth rate in entrepreneurship. Higher switching

costs prevent individuals from changing their occupation. Switching costs can be non-pecuniary

where relating to accustomed lifestyle, stress from changing jobs or risk of failure (Gromb

& Scharfstein, 2002). As per Boot (1992) switching costs also relate to exit barriers, sunk

capital costs and customer commitments which can often prevent entrepreneurs from changing

occupation.
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7.2.3 Policy impact

What is the role of policy instruments in supporting Rural Entrepreneurship?

To explore the role of policy impact on rural entrepreneurship various scenarios are tested in

the agent-based model developed in Chapter 5. The results from each scenario are then used

to conduct experiments and prescribe policies which would particularly help encourage en-

trepreneurship in rural areas. To determine which scenarios are important in the occupational

choice model, comparative statics approach is adopted to assess the impact of endogenous

variables on the overall utility derived by an agent. The comparative statics approach reveals

three model variables which affect the utility derived by an agent, the variables are land pro-

ductivity, land units and operating costs. Policy experiments are then built around scenarios

where these variables are assigned various values. Apart from these experiments which emerge

from scenarios created with regard to the static model comparative statics, the role of broad-

band availability and role of γ (education/general skills) is also examined. The results from

the experiments highlight which policy must be prescribed to increase the overall growth rate

in rural entrepreneurship.

Results highlight that policies encouraging improvement in land productivity and farm pro-

ductivity for land based businesses and generalising the result would imply policies which

focus upon improving the total factor productivity of rural businesses would be conducive to

rural entrepreneurship. Currently there are schemes put in place by the government which

are aimed at improving the countryside productivity. As per (Department for Environment,

Food and Rural Affairs, 2018) currently the RDPE (Rural Development programme for Eng-

land) countryside productivity scheme under CAP pillar 2, provides funding for businesses

in the farming and forestry sector which help improve their productivity which further helps

in creating growth and jobs for the rural economy. These grants are helpful for improving

the land productivity of rural land based farm businesses, the grants are given mainly for the

use of robotic equipment, increasing use of renewable energy which further helps in improving

storage of energy and its distribution, use of LED wavelength and efficient use of manures and

slurries which help improve land productivity. Improved productivity increases turnover and

profitability of these businesses and hence encourages rural entrepreneurship.
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The impact of broadband coverage policy scenario was also positive and significant highlighting

the importance of broadband for rural entrepreneurs. Despite the importance of broadband

infrastructure for rural businesses there are only few studies which have explored the role

of broadband in encouraging and supporting entrepreneurship (Conley & Whitacre, 2016).

Hence this thesis makes a contribution to the literature by studying the role of broadband in

encouraging entrepreneurship in rural areas.

Conley and Whitacre (2016) in their research find that high level of access to broadband is pos-

itively associated with attracting entrepreneurs relocating to rural areas and also encouraging

current residents who are looking to start new businesses. Thus their research suggests that

high levels of broadband access is linked with high levels of entrepreneurial activity. Further

Whitacre et al. (2014) and Henderson et al. (2007) also found a positive association between

entrepreneurship rates and use of broadband facilities in rural areas. Availability of broadband

is particularly important for rural entrepreneurs as broadband enables them to overcome the

problem of both social and physical isolation (Townsend et al., 2013). In order for rural busi-

nesses to remain viable rural areas require a decent broadband infrastructure as broadband

connectivity potentially reduces the barriers of distance by providing communities access to

important resources (Premkumar & Roberts, 1999).

Despite its importance rural areas typically have a poorer broadband infrastructure as com-

pared with their urban counterparts Hindman (2000); Skerratt and Warren (2004); Conley and

Whitacre (2016). According to (The Office of Communications, 2018) report 12% of the rural

areas rural areas in the UK do not have a broadband connection as compared with 1% of urban

areas. Further (Department for Environment, Food and Rural Affairs, 2019c) highlight that

availability of broadband significantly differs within rural areas itself. Just 46% of the premises

have broadband availability in rural hamlet and isolated sparse rural areas as compared with

97% of premises in rural town and fringe areas (Department for Environment, Food and Rural

Affairs, 2019c). Making broadband available in rural areas is critical and the government has

invested £780m to achieve 95% of broadband coverage in rural areas. Further around £13.5m

have been invested under the Rural Community Broadband Fund to deliver broadband in less

accessible rural areas. A further £200m UK wide RGC (Rural Gigabit Connectivity) pro-
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gramme focussing on providing high speed broadband to rural areas has been rolled out in

May 2019.

Further the results from the policy experiment highlighted the importance of skill sets and

found a positive association between the education/general skill sets of an agent. Often ru-

ral areas suffer from shortages of skilled staff due to limited size of rural labour markets

which makes it harder for rural businesses to recruit employees (Smallbone et al., 2003). The

policy implication which follows from this result is that government should launch training

programmes to improve skills of people in rural areas. Currently as per Department for En-

vironment, Food and Rural Affairs (2016) a range of rural business training events, courses,

workshops, seminars and conferences have been made available for entrepreneurs. These train-

ing programmes are partly funded by RDPE (Rural Development Programme for England) and

they are managed by DEFRA (Department for Environment Food and Rural Affairs). Under

the programme 70% of the cost of the training course is covered by DEFRA. The courses in-

clude subjects such as business and management, information technology, skills in agriculture

and forestry and advanced technical skills.

7.3 Contribution to Literature

Apart from the model results, which have made a significant contribution to the literature of

rural entrepreneurship. This section further highlights the overall contributions made by this

thesis. This thesis makes several contributions to the literature of entrepreneurship, compu-

tational social sciences and economics of entrepreneurship. First of all the thesis addresses

the gap in literature of entrepreneurship where most of the studies done concentrate on urban

entrepreneurship. In the last two decades although entrepreneurship has become a popular

field of research, however rural entrepreneurship is largely under represented Pato and Teix-

eira (2016); Stathopoulou et al. (2004). This thesis addresses this gap and contributes to the

research on rural entrepreneurship. Secondly this thesis adds to the economics of entrepreneur-

ship literature which mainly focuses on insights about how entrepreneurship and the economy

interact. Most of the work in the economics literature of entrepreneurship has focussed on

entrepreneurship in general, ignoring the role of rural entrepreneurs. However this thesis has
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extended the occupational choice model to include rural entrepreneurship hence bridging the

gap between existing research and the how entrepreneurial outcomes are reached in a rural

context.

Thirdly the dynamic behaviour of the occupational choice model in this thesis has been anal-

ysed using agent-based models. Although agent-based modelling as a methodology has recently

gained recognition in entrepreneurship literature Crawford et al. (2015); McMullen and Dimov

(2013); McKelvey (2004); Yang and Chandra (2013). However the use of agent-based modelling

has been limited in entrepreneurship research Shim et al. (2017) and there exists a method-

ological gap in this field (Yang & Chandra, 2013). Even though agent-based modelling is an

up-and-coming methodology in entrepreneurship research itself, there is only a limited amount

of published literature of applied agent-based models in this field so far (McDonald et al.,

2015). A majority of research done in the field of rural entrepreneurship has mostly employed

the use of qualitative empirical methods. As per Pato and Teixeira (2016), 51% of the jour-

nal articles in rural entrepreneurship literature have utilized qualitative methods rather than

quantitative. However this thesis has employed the use of agent-based modelling to explore

rural entrepreneurship. ABM is a particularly useful tool for studying entrepreneurship where

the phenomenon cannot be well explained using conventional methods and it is hard to obtain

data across various contexts in this area (Shim et al., 2017). In the rural entrepreneurship

model presented in this thesis, agents interaction sheds a light on the factors which contribute

towards the overall growth rate of entrepreneurship in the economy which further leads to

important policy implications. Hence this thesis makes a contribution to the field of rural

entrepreneurship and computational social sciences by extending the mixed methods method-

ology by using both agent-based models and the quantitative method approach and fulfilling

this methodological gap.

Fourthly this thesis extends the agent-based models to include the role of networking and insti-

tutional support for rural entrepreneurs. The thesis shows experiments with various different

network structures and studies how entrepreneurial ecosystems can be helpful in promoting

rural entrepreneurship. There are methodological constraints when it comes to defining and

demonstrating the importance of networking activities (Chell & Baines, 2000). Entrepreneur-
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ship still largely remains an under researched field in the rural context and this is particularly

true for research around the role of specific factors like social capital and how it influences

a rural businesses ability to exploit institutional assistance (Meccheri & Pelloni, 2006). The

results and findings from the experiments in this thesis are intuitive and make a very good con-

tribution to both the literature on rural entrepreneurship and computational social sciences.

Thus contributing to the existing knowledge and research around entrepreneurial networks in

a rural context.

7.4 Limitations and Future Research Suggestions

The agent-based model proposed in the thesis is an occupational choice model which is based

on the utility-maximization principle. However this model only focusses upon the economic

incentives which arise from pursuing an occupation, but there are other factors such as being

innovative, pursuit of self-employment and family traditions which influence an agents decision

to pursue rural entrepreneurship. These factors could be incorporated in future qualitative

research projects. For the agent-based model validation, the data used is from selected regions

in the UK. The agent-based model is validated using data from East of England in Chapter

4 and also by using data from county Durham, Cumbria county, Warwick county, Wiltshire,

Devon county and Somerset county in Chapter 6. However for future research data can be

used from other rural counties in the UK, especially covering rural counties from Scotland,

Wales and Northern Ireland hence overcoming this limitation.

Further the model assumes that information acquired by agents in a network structure always

results in their enhancement of their knowledge and business skills. However this is not always

the case as information acquired sometimes may not target the exact knowledge gap an agent

is looking to fill and hence this information may not used by an agent. Additionally, the social

capital derived from the links in a network has two major components: structural (which is

related to the quantity, quality and diversity of information through the network) and relational

(which is related to trust, previous experiences with other agents in the network). However

the agent-based network models only capture the structural component of the social capital by

separating formal institutional links and informal links between agents. However to overcome
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this limitation for future research projects, it would be interesting to capture the relational

aspects of social capital which influence the agents occupational choice decision, as relational

aspects can have a significant influence upon the value of social capital acquired through

interactions in a network.

This study uses quantitative methodology of agent-based modelling to identify the drivers

and motivation of individuals behind rural entrepreneurship. The focus is specifically upon

the rural labour market conditions, rural business environment, factors of production and

policy which all have an impact on the occupational choice of an individual. However for

future research, studies must focus upon the psychological factors which motivate and drives

individuals to pursue rural entrepreneurship. Future research focussing upon the identification

of psychological factors which motivate rural entrepreneurs would make a good contribution

to the literature.

Although the thesis was able to employ agent-based modelling to shed light on some of the

factors which are drivers of rural entrepreneurship however research in this field is still limited

in literature. Despite recognizing the importance of rural entrepreneurship for economic de-

velopment of the rural economy, empirical research in this arena is limited. Hence there is a

need to understand the process of rural entrepreneurship and more future research is needed

in this direction.

Currently there is a lack of big data availability in this field which further restricts the method-

ological choice for constructing models of rural entrepreneurship. Big data methodology could

have been employed in this thesis if there was sufficient big data available in this field. Fu-

ture research using big data methodology would be instrumental in further understanding the

granularity of rural entrepreneurship. Using big data methods can also help in identifying the

psychological and personal factors which drive rural entrepreneurship. There is also a scope

for developing sophisticated agent-based models with the help of big data for future research.

As any model the agent-based model constructed in this thesis was a simplification of the

reality. The model considered land and labour as the only two factors of production and the

focus of this thesis was specifically upon the land-based rural entrepreneurs, however for future
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research purposes agent-based model can be extended and developed for rural businesses which

are not land-based and are part of the services sector of the rural economy. Further a more

detailed application of agent-based models which has links with GIS (Geographical Information

Systems) can be developed which would then allow agents to be studied in a spatial context.

Such agent-based models linked with GIS can then be further geared towards studying regional

specific characteristics of an area and also to study the impact of land use patterns upon rural

entrepreneurship.
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Appendix A

Additional Results and Charts

A.1 Risk Aversion

Another important factor which can influence the growth rate in entrepreneurship is risk

aversion. In the occupational choice agent-based model presented in chapter 4, the model is

extended further to incorporate risk aversion. The aim of introducing risk aversion was to

assess how presence of risk aversion amongst rural entrepreneurs can have an impact on their

occupational choice. In the model set-up all agents possess risk aversion variable and it is

drawn from a uniform distribution. Risk aversion is set at random-float 1. The occupational

switch threshold is higher for agents with high levels of risk aversion in comparison with agents

who have a lower level of risk aversion. This implies that agents who are highly risk averse

observe the expected utility and utility from a particular occupation for longer periods of time

than agents who are less risk averse. The model is set up with risk aversion and experiments

are run using the BehaviorSpace tool of NetLogo. The experiments produce a large amount

of data which is used to analyse the impact of risk aversion on the overall growth rate of rural

entrepreneurship.
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A.2 Results with Risk Aversion

Figure A.1: BOXPLOT - Comparison- Low Vs High Risk aversion

Simulation results are analysed using box plot comparisons between agents who are highly risk

averse and who switch to being a new entrepreneur and agents who are low risk averse and

who switch their occupation to being a new entrepreneur. Box-plot A.1 shows the comparison

between new entrepreneurs who are highly risk averse and new entrepreneurs who are less

risk averse. Box plot A.1 compares low risk averse and high risk averse new entrepreneurs.

According to the plot it can be seen that the median number of new entrepreneurs is much

higher at every wage level when agents are low risk averse in comparison with when agents

are highly risk averse. This result implies that when agents are highly risk averse they would

rather choose employment over entrepreneurship.
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A.3 Chapters: Model Visualisations

Figure A.2: Network Structure: Partially Connected Network Model (Ch 4)



A.3. CHAPTERS: MODEL VISUALISATIONS 190

Figure A.3: Fully Connected Network Model: Model 3 (Ch 6)
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Figure A.4: Fully Connected Network Model: Model 2 (Ch 6)
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Figure A.5: Fully Connected Network Model: Model 1 (Ch 6)
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