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Abstract 

Three single-authored papers in this thesis will explore the role of knowledge and 
information in industrial clusters; and specifically, how knowledge plays a role in 
the emergence and persistence of clusters. This thesis places a major emphasis on 
spinoff firms.  

The first paper uses a computational model to describe how patterns of 
industrial clustering arise with respect to the size of an initial firm when measured 
in terms of innovation. Technology is qualitatively described using a code set 
mapped on a cognitive space. Assuming inheritability of networking skills, I seek 
to model how the size of an initial firm influences future patterns of cluster 
formation through a model of technical cognition and a mimicking of creativity. 
Replicating the stylized facts of entrepreneurial cluster formation, we find initial 
firm size has a lasting impact on clustering patterns through its influence on the 
level of cognitive distance of the underlying agents. 

The second paper turns to networks as a tool of analysis to explore the 
relationship between a spinoff’s network and its geographical location within an 
industrial cluster. Although recent literature infers that the transmission of 
organizational attributes in industrial clusters is accomplished via passive network 
ties, this has not been directly measured. After controlling for firm size, parent 
size and age, we find that there a statistically significant and negative relationship 
between network efficiency and geographic distance to a cluster’s core. 

The third and final paper extends the use of networks to examine how 
knowledge flows, as conduits for routines and skills, affect the survival prospects 
for firms in industrial clusters. We consider knowledge transmission via two 
channels: those from inherited linkages and those from geographic proximity. It 
is found that a firm’s historical links formed through parent-spinoff networks have 
a significant impact on survival, which differ depending on the motivations of the 
entrepreneur. Moreover, the gains with respect to location are found to be 
nonlinear.  
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Introduction and Summary        
of the Thesis 

1  Introduction 

“‘A market needed no longer be run by the Invisible Hand, but now could 
create itself – its own logic, momentum, style, from inside. Putting the 
control inside was ratifying what de facto had happened – that you had 
dispensed with God. But you had taken on a greater, and more harmful, 
illusion. The illusion of control. That A could do B. But that was false. 
Completely. No one can do. Things only happen, A and B are unreal, are 
names for parts that ought to be inseparable...’” 

–Thomas Pynchon, Gravity's Rainbow 

This thesis examines the role of knowledge and information in industrial clusters; 
and how they explain their emergence and persistence. Knowledge diffuses via 
learning, which has strong geographical, social and cognitive aspects. This thesis 
explores these elements to develop a deeper understanding of how and why 
industrial clusters embed into their economic landscapes, and what this means for 
the firm and the industrial sector as a whole. 

Recent research shows that industrial clusters are largely the result of an 
entrepreneurial spawning process. The geographic concentration of a certain 
industry is the outcome of multiple generations of spinoffs that can trace their 
lineage back to a single successful parent firm (Klepper 2007). New firms remain 
in the same region as their parent firm to take advantage of existing local assets, 
which includes information on workers, sources of finance and other aspects of 
industry-specific knowledge such as technological advances. Thus spinoff firms 
have a performance premium compared to other new firms in the same region. 
This inference is one side of the story. We can also infer that such spinoff firms 
carry a certain degree of embedded industry-specific knowledge, inherited from 
the parent firm. Thus, knowledge advantages of spinoffs have both and active and 
passive quality. They are active in the sense that an entrepreneur has an 
expectation of the knowledge potential of a geographic area, and passive in the 
sense that the entrepreneur establishes a firm with a pre-set familiarity of the skills 
and routines that pertain to the sector's market. 

We know that spinoffs are the result of disagreements between the innovator 
and the firm, as well as product scope and focus and self-selection. We also know 
that, in terms of performance, higher quality firms spawn higher quality spinoffs. 
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Furthermore, when measured per employee, larger firms spawn less often and 
smaller firms spawn more often. What remains is whether spawning patterns can 
be explained by market structure, the amount and distribution of knowledge, and 
networking. Can we explain clustering behavior and entrepreneurial spawning 
patterns as a product of cognition of various actors? Moreover, geography matters, 
as research shows that knowledge spillovers attenuate sharply with distance 
(Andersson et al. 2016). But does this tell the whole story? Spinoffs tend to 
perform better than other new firms, which accounts for the role of cognitive 
proximity in knowledge transfer. They also benefit from the flow of information 
via socially proximate relations, which may consist of parent firms as well as other 
entities in the sector. Both social and cognitive proximity may entail a certain 
geographic dimension. Each dimension embeds itself with one another. Thus, if 
we separate out network flows by taking into account historical parent-spinoff 
relationships, we may begin to shed light on how various paths of knowledge flow 
have a bearing on the nature of industrial clusters. If we could both identify and 
measure knowledge, and identify and measure the channels of knowledge, we 
would be equipped to answer some of these lingering questions. 

The papers in this thesis come together to address the role of knowledge in 
industrial clusters in a progressive and sequential manner. First, we begin by 
explaining how and why industrial clusters emerge using knowledge and ideas as 
units of analysis to explore what role existing industry structure plays in cluster 
formation. Moreover, we explain how clustering behavior is a product of the 
cognition of various actors. New firms within industrial clusters come into being 
via novel and radical ideas, a Schumpeterian notion where a novel idea is seen as 
a worthwhile pursuit, yet a poor fit for the parent firm's existing knowledge set. 
New ideas are a function of old ideas that come from both from within and outside 
the firm. As knowledge is difficult to quantify and measure, we use an abstract 
computational simulation as a tool. Second, we turn to empirical techniques to 
test the prevailing hypothesis that the performance premium of firms within 
industrial clusters is the result of knowledge transfers. So far, this has only been 
inferred in prior literature. Thus, the paper contributes by measuring the efficiency 
of firms' knowledge networks, that is, inherited networks of parent-spinoff 
relationships. These networks in-turn proxy for the inherited knowledge from 
parent to spinoff, and act as a passive social link enabling the transmission of 
information after a spinoff's foundation. In doing so, we measure and test the 
microfoundation of firm-level gains and whether network efficiency diminishes 
with geographic distance from a cluster. Third, we extend the proceeding 
empirical work of geographically-embedded passive networks to test the 
performance premium itself to seek how both networks and geography, in 
separation, impact the survival rate of spinoffs. 

This thesis therefore identifies and quantifies the origin of knowledge, 
information and ideas, and measures its routes of potential transmission to further 
understand the birth, life and death of firms in industrial clusters. I do so with the 
aim of introducing novelty to the existing literature on the mechanisms of 
knowledge transfer. In other words, I show how knowledge creates new firms in 
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clusters, how knowledge flows maintain the geographical make-up of clusters and 
how the structure of knowledge flows affect the survival rate of firms located in 
clusters. 

To give an account of knowledge flows and innovation, this thesis uses an 
evolutionary perspective, and specifically one of evolutionary economic 
geography. Knowledge embodies within individuals and firms, and thus, if an 
employee where to leave a firm and establish a spinoff, the knowledge follows 
the entrepreneur, who in turn applies such knowledge in her new surroundings. 
Hence, knowledge does not exist in isolation but diffuses, whether intentionally 
or not. Furthermore, it can accumulate when consumed. With accumulation, it 
may evolve according to the pertinence of the economic landscape. This is 
innovation, which is a path dependent process of experimentation, imitation, 
discovery and luck. Those that succeed at adapting to the economic landscape via 
innovation have a greater possibility of being selected by it, and the new 
knowledge they bring passes forward to other agents through cognitively, socially 
and geographically proximate relationships. Knowledge and innovation hence 
influences and is influenced by its economic and spatial landscapes, a feedback 
loop between agents and the environment they occupy. Knowledge, and 
especially tacit knowledge, is a prime determinant of the geography of innovative 
activity as “the process of learning-through-interacting tends to reinforce the local 
over the global” (Gertler 1983: 78). The evolutionary perspective also takes a 
different approach to many of the assumptions found in the traditional economics 
framework; namely those that pertain to profit maximization, general equilibrium, 
rational and homogeneous agents and perfect foresight. Evolutionary economics 
is a tool that can add to economics when discussing any analysis that applies to 
knowledge and innovation. 

This thesis uses a mixture of methods and techniques that can be viewed as 
both conventional and unconventional in general economic analysis. The 
unconventional methods are nonetheless on the increase in their usage as their 
necessity becomes increasingly recognized. In this thesis, these methods include 
computational models and network analysis, each of which we employ as a tool 
to answer a given problem. Computational models are useful for understanding 
observed aggregate patterns that result from the underlying behavior of agents. 
They are also useful for conceptualizing variables that in reality are difficult to 
measure. In our case, this is knowledge, information and ideas. Paper 1 thus uses 
a computational model as a tool for analysis. Thus, we create an artificial world 
that we can measure, and hence, explain emerging patterns that are difficult if not 
impossible with conventional variables and empirical techniques. 

The use of network analysis is becoming increasingly common with 
availability of comprehensive longitudinal data. Using Swedish data, papers 2 and 
3 of this thesis take the Stockholm ICT cluster as a subject of analysis. Figures 1 
and 2 compare the density of ICT firms in Stockholm county in 1990 and 2010 
respectively. It can be seen that there is not only a noticeable increase in the 
number of ICT firms in Stockholm during this time period, but its density within 
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the inner core of the city dramatically increases as well. This gives us a 
satisfactory reason to use this cluster as a subject of analysis, as this is a cluster in  

 
Figure 1. ICT firm density in Stockholm county, 1990 



Introduction and Summary of the Thesis 

15 

 
Figure 2. ICT firm density in Stockholm county, 2010 

its growth phase. Using an employer-employee matched data set, we may 
construct parent-spinoff linkages for the purpose of mapping knowledge flows 
throughout the Stockholm ICT cluster. 

This chapter, which forms an introduction to this thesis, is organized as 
follows. Section 2 introduces some of the theoretical foundations of this thesis. 
An overview of the evolutionary economics school of thought in section 2.1 gives 
an overview of concepts such as the Schumpeterian entrepreneur as well as path 
dependence, and an explanation on how these relate to knowledge and innovation 
and hence, why we need an evolutionary perspective. Section 2.1.1 extends this 
theoretical overview to include the spatial aspects of firms and innovation, while 
also giving an account of the language and metaphors used throughout this thesis. 
We then provide a more focused discussion of the flow of knowledge (section 
2.2), using both traditional and evolutionary perspectives. While I do not 
necessarily dispute the usefulness of traditional schools of thought, I provide a 
reasoning on how evolutionary perspectives may advance our understanding of 
knowledge flows between firms in industrial clusters. The three papers in this 
thesis place a heavy emphasis on the entrepreneurial spawning process and 
industrial dynamics, and section 2.3 provides of detailed overview of this. Section 
3 gives an overview of the various methods used in this thesis; including 
computational models, network analysis, as well as motivation for the selected  
geographic scale. Section 4 introduces and summarizes the longitudinal data used 
in this thesis, while also providing an overview of identification issues as well as 



Jönköping International Business School 

16 

the rules associated with network topology. The final section concludes with an 
overview of each subsequent paper in detail. 

2  The Geography of economic 
activities  

There are several empirical regularities of industrial clusters that pertain to the 
context of this thesis. We know that many industrial clusters are the result of an 
entrepreneurial spawning process where entrepreneurs leave incumbents and 
establish new firms in the form of spinoffs. Smaller firms tend to spawn more 
often, however the resulting spinoffs tend to be of lesser quality when measured 
in profitability or size. Larger firms tend to spawn less frequently, but, when they 
do, spinoffs tend to be of higher quality. Previous studies speculate many reasons 
for this pattern, which relate to the quantity and nature of knowledge and 
innovation. Knowledge is a quantitative attribute, and therefore ambiguous to 
quantify. Therefore, if we could identify and somehow measure knowledge, we 
may be able to explain how market structure and spinoff patterns are the result of 
the quantity and distribution of knowledge, and address the how clustering 
behavior is a product of knowledge cognition. We also know that firms in clusters 
have a performance premium compared to firms outside clusters. A prevailing 
hypothesis is that this is likely due to a greater level of inter-firm connectivity, 
which serves as a conduit for inter-firm knowledge transfer. The resulting 
knowledge network has been assumed to be a valid explanation of industrial 
clusters. Spinoffs in particular gain an advantage due to the historical parent-
spinoff linkages that result in the passive diffusion of tacit knowledge. However 
this network, so far, has only been inferred. Hence, if we could identify and 
measure these knowledge channels, we may be able to address a current research 
gap. 

This thesis thus takes an evolutionary approach to help resolve these issues. 
We view firms as heterogeneous, and guided by routines, seek out innovative 
solutions to improve their performance and to increase their chances at survival. 
The search process entails interaction within a competitive environment, and 
firms may not always succeed in the process. An evolutionary approach is 
therefore necessary when exploring the dynamics of knowledge creation and 
knowledge flow, and hence the impact of novelty as a source of endogenous 
economic change. 
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2.1  Evolutionary economics 

Evolutionary economics seeks to explain the “dynamic processes by which firm 
behavior and market outcomes are jointly determined over time” (Nelson and 
Winter 1982: 18). The school of thought draws a significantly on the writings of 
Thorstein Veblen (1898), Armen Alchian (1950), Edith Penrose (1959), and 
Joseph Schumpeter (1934). Joseph Schumpeter in particular critiqued the 
prevailing wisdom that economic systems should be viewed as long-run 
equilibria. Schumpeter showed that economic growth should be thought of as not 
an eventual pre-programmed endpoint, but a process that is a function of the 
economic system itself. Specifically, Schumpeter highlights the entrepreneur as a 
critical conduit for economic development, because it is the entrepreneur that 
leads markets to new goods and services while simultaneously upholding the 
circular flow of the economy (Schumpeter 1934). Schumpeter discussed 
entrepreneurs in a certain sense, and not simply as individuals opening new 
businesses. Instead, in what can be described as the Schumpeterian Entrepreneur, 
they are radical idea generators, i.e.:  

“It is the entrepreneur who carries out new combinations, who “leads’ the 
means of production into new channels”… “He also leads in a sense that 
he draws other producers in his branch after him. But as they are his 
competitors, who first reduce and then annihilate his profit, this is, as it 
were, leadership against one’s own will”  

(Schumpeter 1934: 89)  

In other words, entrepreneurs are individuals that combine factors of 
production in new ways. If this new combination is productive, it leads to further 
economic development via the production of a new product, the use of a new 
product, as well as a product's contribution and addition to the circular flow. This 
recombination manifests in five different ways; the production of new types of 
goods, an introduction of a new method of production, the opening of new 
markets, the use of new raw materials, or a new means of organizing production. 
Hence, Schumpeterian entrepreneurs tend to be of a certain nature, that exhibit a 
type of behavior that tends against the norm. They are those that are able to 
perceive a new product as innovative, and also have the tenacity to carry out its 
production. Such individuals have a desire to break with old traditions and 
conquer new realms, and enjoy creating and getting things done1.  

                                                        
1 It should be noted, however, that entrepreneurship, or entrepreneurial behavior, is not the 
only factor that Schumpeter notes as essential to economic development. He also lists credit, 
and ideal institutions that offer credit (in the name of banks), as important elements in the 
entrepreneurial process. An ‘entrepreneurial spirit’ is not enough to carry through a new 
innovation. Thus, banks serve a purpose by redistributing money from old producers to new 
entrepreneurs. It cannot be assumed that entrepreneurs also have access to free credit. Hence, 
banks serve as a bridge to provide credit to entrepreneurs, which in turn is a function of the 
reserves of the previous generation of firms. Banks hence act as a facilitator in innovation and 
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Thus, according to Schumpeter, economic transformation is an endogenous 
process, one that creates and transforms itself from within. The underlying 
mechanisms of this process is in-turn a key focus of evolutionary economics (Witt 
2003). Theories on economic evolution, according to Boschma and Martin 
(2010), must therefore satisfy three basic requirements. First, any theory must deal 
with novelty, which is the outcome of the Schumpeterian entrepreneur, acting as 
a conduit of economic evolution and adaptation via enterprise-driven innovation 
(Ramlogan and Metcalfe 2006). Second, they must by dynamical in the sense that 
they focus on economic change. Third, they must deal with irreversible processes. 
Historical events, which cannot be reversed, affect the decision-making processes 
of agents in the present and the future. Thus, consideration of equilibria, a focal 
point of neoclassical economics, becomes somewhat ambiguous. Instead, 
evolutionary economics gives more emphasis on trajectories seeded in historical 
circumstances, such as emergence, divergence and convergence.  

Knowledge is therefore treated not an exogenous factor but one that is 
endogenous to an economic system2. It is not simply a factor of production. 
Moreover, Nelson and Winter (1982) argue that the neoclassical framework does 
not consider that new knowledge created by R&D, even if codified, may 
externalize to some degree, whether formally (via patents, etc.) or informally (via 
experience). Even if the innovating firm attempts to restrict the spread of 
knowledge, successful innovations may not go unnoticed by other firms. This in 
turn impacts how other firms consider their own innovative behavior. We can 
argue that the innovating firm may inevitably leave enough clues for other firms 
to follow, and may even know that this is unavoidable, although not ideal. 

Any discussion of innovation implies a certain degree of uncertainty in an 
economic system, and such randomness runs counter to general equilibrium 
models. There are three main approaches in evolutionary economics; generalized 
Darwinism, complexity theory and path dependence3. Approaches in generalized 
Darwinism argue that regions can be thought of as selection environments. This 
resonates with Alchian (1950), who proposed that surviving firms are those that 
have been adopted by the environment. Generalized Darwinism uses biological 
and ecological metaphors of variety, selection and retention to argue how distinct 
economic regions arise out of competition between agents (Metcalfe 2005; 
Essletzbichler and Rigby 2005; Witt 2003). This approach focuses on the 
evolution of agents within a region or several regions, and the evolutionary 
trajectories of one population of agents may or may not affect the evolutionary 
dynamics of another.  

Complexity theory, are more specifically, complex adaptive systems, addresses 
economic structures as open systems that are in constant disequilibrium due to the 

                                                        
the generational transition from the old to the new. Schumpeter thus linked both the role of 
the entrepreneur as well as banks to the business cycle. 
2 A perspective that follows from endogenous growth theory, see Romer (1986; 1990) 
3 Path dependence is sometimes incorporated as a central concept in complexity theory (see 
Beinhocker (2006) for this perspective). Here, we take the point of view of Boschma and 
Martin (2010), with path dependence being treated as a separate core concept. 
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perpetual interaction of underlying agents (Martin and Sunley 2006). Self-
organization lends to an internal order that may give the appearance of 
equilibrium. As the field deals with emergence and change, and how economic 
relationships form and evolve, evolutionary metaphors also provide a good fit in 
complexity thinking. Arthur et al. (1997) list six features of an economy that a 
complexity framework can analyze, which the neoclassical synthesis fails to 
address; dispersed interaction (the outcome of the interaction of many 
heterogeneous agents in parallel), no global controller (instead of a single entity, 
economic actions are the result of competition and cooperation between agents), 
cross-cutting hierarchical organization (i.e. an economy operating on many levels 
of organization and interaction, with one level providing the 'building blocks' for 
the next), continual adaptation (where economic systems adapt to the evolving 
behaviors, actions, strategies and products, which in-turn is the result of the 
changing experiences of agents), perpetual novelty (the continual emergence of 
new niches) and out-of-equilibrium dynamics (which is the result of the previous 
five features. The economy is in a constant state of disequilibrium, and 
improvements are always possible and regularly happen). Common tools in 
complexity theory include cellular automata4 and agent-based models. More 
recent work in complexity economics include the use of network analysis, and 
specifically, the study of how social networks evolve and perform over time. 
Networks provide a system of knowledge flow that contribute to the innovation 
process, which is in-turn a kernel of evolutionary economic thinking. Network 
analysis in this light, however, is still in its infancy (Powell et al. 2005). 

Path dependence (Simon 1955b; David 1985; Arthur 1989) is the idea that an 
economic system does not tend toward some sort of predestined state or 
equilibrium point. Rather, the system is the result of its past development paths 
within an open system. These development paths are infinite in possibility, as the 
variables that shape them are unlimited in number and magnitude. Again, this 
approach has an affinity to biological concepts, specifically those that concern 
mutation and adaptation. Evolution is almost certainly a path dependent process. 
Martin and Sunley (2006) address some potential questions that may consequently 
arise. In evolutionary economics, does one consider firms, industries or regions 
as subjects of a path dependent process? How do new paths form? Do multiple 
paths exist? Do they decline? Martin and Sunley (2006) show that path dependent 
process may arise and fall endogenously and not due to external shocks to the 
system. Crucially, new paths may form out of old ones. Frenken and Boschma 
(2007)expand on previous studies of path dependence by viewing economic 
development as an evolutionary branching process of product innovations, while 
overcoming the problematic issues of using spatial entities as the unit of analysis. 
The unit of analysis is instead the firm, and the existing variety within firms and 
cities provide the scope of innovation that leads to an evolutionary process of 
economic growth. 

                                                        
4 Cellular automata are not covered in this thesis, but famous examples include Conway's 
Game of Life, Rule 30 and Rule 110. 
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Assumptions in economics exist to simplify analysis. However, in the context 
of this thesis, there are assumptions within the neoclassical synthesis that may 
actually hinder any study of industrial dynamics, which evolutionary economic 
thinking may rectify. The first of these is the idea of profit maximization, which 
is a central concept in many introductory microeconomics textbooks. However, 
profit maximization assumes that the firm has knowledge about its own profit 
function. This in turn implies that firms are knowledgeable about its relevant 
supply and demand functions, and the resulting diagrams these entail. Alchian 
(1950) argues that these models ignore uncertainty. Uncertainty may be the result 
of two reasons, both of which conflict with the assumption of the rational agent. 
The first of these is is the human inability to solve complex problems, especially 
when there are many variables involved. The second is imperfect foresight, or the 
inability to humanly predict future events5 that are largely the result of mechanics 
of chaos. Alchian (1950) suggests that, due to uncertainty, actions are not 
associated with a single outcome but with a distribution of potential outcomes. 
Therefore, as there is no such thing as maximizing a distribution; agents choose 
the optimum distribution. Uncertainty thus implies that it is meaningless for agents 
to make a decision in order to maximize profits. Instead, firms satisfice (Simon 
1956), that is, the searching through available alternatives until they meet an 
acceptable threshold. Rather than profit maximization, firms seek to survive. It is 
thus surviving firms that mark the characteristics of an economic system. Those 
that succeed continue to exist, while those that don't, die.  

Related to the fallacy of profit maximization is the fallacy of rational agents, 
i.e. firms make decisions according to a set of rules that lead to the maximization 
of technology or profit. Rational choice theory assumes that agents have full 
knowledge of all available information, and act upon that information using 
carefully constructed chains of deductive reasoning. These deductive chains can 
be as long as needed (perhaps even ad infinitum) in order to solve the agent's 
maximization problems. Simon (1955b), among others, criticized this as 
unrealistic and proposed that people should be modeled as boundedly rational, 
that is, limited in their cognitive abilities and thus in the degree to which they are 
able to optimize their utility (Kahneman 2003). Instead, markets adopt firms that 
behave, perhaps unintentionally, “as if” they were profit maximizing. In addition 
to rationality, the neoclassical framework also assumes agents to be 
homogeneous6, where firms and individuals are similar if not identical. A 'typical' 

                                                        
5 Future prediction is largely the material of science fiction, and Isaac Asimov's Foundation 
series deals with the social effects that would result. In reality, this would require an infinite 
computer that could process an infinite number of variables, implying a RAM the size of the 
universe. Knowledge of the future would also create a paradox where alternative actions in 
the present resulting from future predictions invalidate those predictions. Thus, when 
members of the media criticize economists for their inability to predict the future, their 
expectations are misaligned with reality as well as a misunderstanding of what economists 
actually do. 
6 The microfoundations behind the urban economics framework does address heterogeneity to 
some degree , chiefly with regard to the horizontal characteristics of the firm. Horizontal 
characteristics are somewhat difficult to measure empirically however, especially for 
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firm is said to be economically rational, and will hence follow similar or identical 
rules in its decision making processes. But every firm is unique, and the ideal 
technology set differs from firm to firm. Furthermore, a firm will only innovate if 
it perceives such innovation possible. But firms can only know as much as their 
own bounded knowledge set. If a firm thinks innovation in a certain industry has 
already run its course, it will have little incentive to do so itself until it discovers 
that a competitor has pursued innovation to its benefit.  

2.1.1  Evolutionary economic geography  

In any subject with an evolutionary consideration, or indeed any industrial study, 
it is impossible to discuss the nature of of industry without highlighting spatial 
aspects that serve an environmental role. Geographic configurations often change 
and influence economic processes.  

The crux of general economic geography is how “market interaction and 
factor mobility exacerbate regional disparities” (Thisse 2010: 288). If we were to 
drop the assumption of immobile factors (i.e. of individuals, firms and 
commodities), spatially imbalanced patterns of activity may emerge. These spatial 
imbalances compound with diverse infrastructure as well as market integration. 
Part of this stems from Krugman's (1991) 'New Economic Geography' (NEG) 
view that market integration increases the attractiveness of cities. Competition 
between regions may therefore provide some explanation of the location of firms 
and the organization of cities, which in-turn affect the interregional migration 
decisions of individuals. In contrast with urban economics, economic geography 
takes a more comprehensive approach by addressing the interaction between local 
and global economic systems. Whereas the urban economics framework is mostly 
focused on the study of cities, economic geography tends to address a more 
interregional context. This distinction may be somewhat vague as urban issues 
tend to dominate national economies.  

However, economic geography, in its own right, still has shortcomings of its 
own, especially in its ability in addressing innovation and knowledge. Knowledge 
(and by extension innovation), according to Metcalfe et al. (2006), is the propeller 
of any economic system:  

“The origins of restless capitalism lie in its unlimited capacity to generate 
knowledge and new behaviour from within, and it is the propensity for 
endogenous variation that makes it so dynamic and versatile, sufficiently 
so that economies may be completely transformed in structure over 
relatively short periods of historical time. Growth is not simply a result of 
calculation with known circumstances, but of human imagination and the 
                                                        

characteristics that go beyond firm size and productivity (Duranton and Puga 2004). In any 
case, its treatment is somewhat thin concerning agents and learning mechanisms, both at the 
individual and firm level. Models in urban economics also address incomplete information, 
but these tend not to extend to address limited cognition and bounded rationality of agents in a 
system. 
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search for novelty and competitive advantage. Moreover, every advance in 
knowledge creates the conditions for further advances; in the language of 
systems theory, economic growth is an autocatalytic process in which 
change begets change.”  

(Metcalfe et al. 2006: 9) 

Thus, evolutionary economic geography addresses how economic change 
differs across different regions, as the underlying mechanisms that drive these 
changes are not evenly distributed across space. In addition to evolutionary 
economic issues of novelty and adaptation, evolutionary economic geography 
deals with how spatial structures create themselves and feed back into the 
overarching economic system. The central questions of evolutionary economic 
geography therefore concern the mechanisms that both promote or hinder the 
adaptation of the economic landscape, coupled with how entrenched spatial and 
historical contexts interact with economic interests. In other words, the goal of 
evolutionary economic geography is to demonstrate how “geography matters in 
determining the nature and trajectory of evolution of the economic system” 
(Boschma and Martin 2010: 6), a premise that can be described as “the process 
by which the economic landscape – the spatial organization of economic 
production, circulation, exchange, distribution and consumption – is transformed 
from within over time” (Boschma and Martin 2010: 6-7). Processes of economic 
development, which include self-organization, path creation and path dependence 
in the absence of a central controller, are often spatially dependent. Thus, the 
spatial economic landscape is not simply a passive outcome. It has a prominent 
role. Furthermore, the economic mechanisms outlined in the previous section do 
not operate evenly throughout space. Thus, evolutionary economic geography 
adds to evolutionary economics by examining the adaptability and resilience of 
urban and regional economies along with shifts in technology, markets and policy; 
and “how spatial and historical contingency interact with systemic necessity” 
(Boschma and Martin 2010: 7). 

When one thinks about an evolutionary system, there is an implication of 
randomness. It should be stressed, however, that randomness does not imply 
disorder, or indeed a chaotic system. It does imply a complex adaptive system, a 
dynamic network of interactions, one in which the behavior of the system as a 
whole is not an aggregate prediction of the behavior of its individual components. 
It should be obvious that the existence of industrial clusters is the outcome of 
some degree of order. Firms from related industries locate in close proximity, they 
are not “randomly” scattered through space. Industrial clusters, or even cities, 
instead occupy the edge of chaos where they intuitively evolve toward a regime 
near the boundary between chaos and order. Firms adapt and self-adjust to an 
economic landscape that is constantly changing.  
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2.1.2  Evolutionary metaphors  

This thesis uses many biological and evolutionary metaphors to describe and 
explain various economic phenomena. Terms such as selection, inheritance, 
variety, phenotype, crossover and mutation occur frequently. The use of 
biological metaphors has been an issue of debate. While Alfred Marshall argued 
that “the Mecca of the economist lies in economic biology rather than economic 
dynamics”, Edith Penrose (1959) warned against the use of such metaphors: 

“In seeking the fundamental explanations of economic and social 
phenomena in human affairs the economist, and the social scientist in 
general, would be well advised to attack his problems directly and in their 
own terms rather than indirectly by imposing sweeping biological models 
on them.”  

(Penrose 1959: 812) 

I concur with both points of view. This thesis uses many of the theoretical 
underpinnings of evolution to describe the role of knowledge and knowledge 
flows on the workings of the firm. The behavioral routines of firms change over 
the long run; a result of learning, imitation, chance and profit-induced search. This 
is a process that can be described as adaptation to a changing economic 
environment. The firms that are most able to adapt to their environment survive, 
i.e. 'selected', a process that is characteristically evolutionary. The changes on the 
firm level in-turn aggregate to changes on the environmental level, which again 
has a biological parallel. It is therefore important to note that while this thesis 
makes extensive use of biological metaphors, the models and theories described 
in the next three chapters are not constrained by them7. There is no 'mandate' to 
strive for an evolutionary description. Rather, the models in this thesis use such 
metaphors as this language most accurately describes them, while also giving the 
reader an analogy that can be easily understood. Following from Metcalfe et al. 
(2006) and Witt (1999), this thesis takes the middle ground, as “biological 
concepts do not have to carry over strict biological connotations when used in 
economics but can be used to identify 'generic' features of evolution that can be 
given specific meaningful economic interpretation” (Martin and Sunley 2007).  

When discussing the geographic concentration of economic activity, this 
thesis will use the term industrial clustering to take into account this dynamic 
approach. The urban economics language of 'agglomeration economies' provides 
a static framework for studying industrial concentration. The evolutionary 
economic geography literature, on the other hand, while addressing the existence 
and nature of knowledge spillovers, the role of competition, and the role of history 

                                                        
7 The neoclassical synthesis arguably suffers from a philosophical lock-in due to the prism of 
its own language. The theoretical backbone of the neoclassical stream of thought was formed 
using analogies of the preeminent science of its day, i.e. thermodynamics. Thermodynamics 
deals with closed systems. Resource allocation is analogous to 'points of rest', price 
mechanisms are analogous to 'equations of state'. Molecules are homogeneous, and therefore 
so is the agent. 
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and path dependence, addresses a much more dynamic framework (Nathan and 
Overman 2013). 

2.2  The flow of knowledge 

Knowledge is generally considered a public good (Arrow 1962), i.e. one in “which 
all enjoy in common in the sense that each individual's consumption of such a 
good leads to no subtractions from any other individual's consumption of that 
good...” (Samuelson 1954). Firms also have a certain degree of absorptive 
capacity, which is the degree to which they are able to recognize new information, 
assimilate it, and apply it (Cohen and Levinthal 1989; 1990). However, 
knowledge differs from other public goods in a number of ways, and identifying 
these differences can provide us with a deeper insight on how knowledge and 
information form the foundation of the geography of innovative activity. This 
section introduces the core conceptual framework of the geography of knowledge, 
drawing primarily on the Marhsall-Arrow-Romer framework, as well as 
contributions by Jacobs (1969) and Porter (1990), building to an evolutionary 
economic perspective, which diverges from the neoclassical synthesis in a number 
of ways. Specifically, we seek to define knowledge in an evolutionary context, 
how it is created and how it diffuses in social, cognitive and geographical 
domains. 

2.2.1  Traditional perspectives  

The separation of localization and urbanization economies originated with Ohlin 
(1933). However, any discussion of the flow of knowledge within industrial 
clusters should ideally begin with Marshall (1890), who built and expanded upon 
the work of Adam Smith (1776) by showing that scale economies are not only 
internal to the firm. While Adam Smith focused on the increasing returns to scale 
that result from the division of labor, Marshall introduced scale economies 
inherent with the industry, or “secured by the concentration of many small 
businesses of similar character in particular localities: or, as is commonly said, by 
the localization of industry” (Marshall 1890: 221). These are today generally 
referred to as Marshallian externalities, and are geographic in character, but may 
be the result of other pecuniary, social and other economic forces. Marshall’s 
contribution was that industry localization gives rise to a more efficient local labor 
market and reduced transportation costs. Close geographic proximity also enables 
the [voluntary or involuntary] sharing of industry-specific knowledge, otherwise 
known as ‘knowledge spillovers’. Glaeser et al. (1992) used Marshall’s arguments 
and combined it with that of Arrow (1962) and Romer (1986) to formalize what 
is today generally known as Marshall-Arrow-Romer (MAR) externalities. 
Arrow’s (1962) work concerned the aspect of ‘learning-by-doing’, i.e. where 
increases in productivity is the result of practice, self-perfection and small, 
incremental innovations. Romer’s (1986) contribution was within the realm of 
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endogenous growth theory, which holds that innovation, human capital and 
knowledge are major contributors to economic growth. Together, MAR 
externalities imply that industry concentration within a city lends to increased 
knowledge spillovers. Knowledge spillovers in-turn contribute to the growth of a 
city via the diffusion of innovation. Local specialization leads to the transmission 
and exchange of ideas and knowledge which can be either tacit or codified, and 
transmission arises from business-to-business interaction, inter-firm trade and the 
circulation of skilled and specialized labor. Knowledge spillovers can refer to both 
products or processes. What is important to note is that MAR externalities are 
restricted to the same or similar industries. Due to the local concentration of 
industry, or what is also known as localization economies, there are a greater 
number of employment opportunities for a dismissed worker in his or her 
specialized field8. 

Thus, MAR externalities are external to the firm but not the firm’s industry 
and region. Jane Jacobs (1969), on the other hand, argued that externalities in a 
region may be found external to an industry also. While MAR externalities stress 
knowledge spillovers in related or semi-related industries, Jacobs makes the case 
for the spread of knowledge in diverse industries within a geographic region. But 
the discussion goes beyond mere knowledge spillovers. Jacobs externalities are 
those that entail innovation, something that MAR externalities also imply. Jacobs 
claim was that within cities, a diverse industrial fabric allows agents to combine 
disparate knowledge and information to arrive at new innovative breakthroughs 
that were not necessarily as forthcoming from a single industry alone. This is an 
environment of experimentation, which is arguably a prerequisite to innovation. 
Often, Jacobs externalities are enabled via a ‘bridge’, and this is often a city’s 
science base in the form of universities and academia. Such bridges serve as a 
basis of interaction. Silicon Valley, which is known today for its IT sector but 
began its life in semiconductors, has long enjoyed a knowledge network grounded 
in its own universities (Stanford, Berkeley) as well as its less formalized learning 
exchanges (e.g. organized technological social meetups). This diverse economy 
acts as a conduit for not only the advancement of established fields but the 
emergence of new ones. Thus, while MAR externalities sees specialization as a 
factor for growth, Jacobs externalities stresses diversity. Furthermore, while MAR 

                                                        
8 Thus, not all Marshallian externalities are necessarily positive. An area, along with its cities 
and towns, may easily become dependent on the hosted industry especially if such industry is 
undiversified. Geographic areas are therefore susceptible to the whims of macroeconomic 
forces and the changing nature of the markets. Several examples of this may be seen, 
including Detroit (and surrounding areas) and more generally the Rust Belt, which today 
suffer from population loss and urban decay resulting from the decline of the industrial sector. 
Furthermore, the increased demand for a specific area by a specific industry leads to increases 
in land rents. Combined with the availability of other (and cheaper) location choices, a 
localized industry could effectively fall victim to the market forces of its own creation. To the 
point of view of the worker, on the other hand, MAR externalities present a relatively low-
risk prospect, especially in the short- and medium-term. Demand shocks may adversely affect 
a single firm, but when many similar firms locate in the same area, the risks affecting 
employment rates diminish. 
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externalities imply that local monopolies are more desirable for local economic 
growth, Jacobs externalities, which is one factor which falls within urbanization 
economies9, imply the opposite. Rather, competition serves as a strong incentive 
for firms to innovate as it is required for survival in a ruthless playing field.  

Porter’s (1990) argument is similar Jacob’s (1969) in that competition, rather 
than monopoly, is beneficial to growth. Firms innovate to survive, and, on 
aggregate, the increased rate of innovation increases the rate of economic growth 
via increases in productivity. Firms thus spend a considerable portion of their 
profits on R&D, which one can view as a means to survive a competitive market. 
Furthermore, Porter states that knowledge spillovers are most prevalent in 
vertically integrated industries. In this regard, Porter externalities are more in-line 
with that of Marshall, as such spillovers occur within an industry, and not between 
industries as Jacobs stipulated.  

Thus, what unites MAR, Jacobs and Porter externalities is the geographical 
effects of economic externalities. The disagreements begin on specifically how 
industry concentration affects knowledge spillovers which lead to (and result 
from) this final geographic nature. Both MAR and Porter agree on the effects of 
specialization (unlike Jacobs), but disagree on the effects and benefits of 
competition (where Porter allies with Jacobs). Furthermore, MAR and Porter 
disagree on the effects of diversity while Jacobs promotes its role. However, while 
MAR, Jacobs and Porter externalities have diverging viewpoints, it is important 
to note that they should not be thought of as mutually exclusive. All three types 
of externalities could feasibly hold true, perhaps equally, or some more than 
others. It would depend entirely on the specific geographic locale in question. As 
the subjects are highly heterogeneous (it is, of course, difficult to conceive that 
there are two regions being identical in terms of industry type and balance); and 
as different industries exhibit different mechanisms and dynamics in terms of 
human capital, manufacturing, supply chains, and communications; employing 
one universal model to understand all geographic regions is highly problematic.  

Researchers in the urban economics stream of literature expand on MAR, 
Porter and Jacobs by focusing on the microeconomic mechanisms that form the 
backbone of city formation. Urban economists therefore view cities as a trade-off 
between agglomeration economies (i.e. the benefits that firms obtain by locating 
near one another), and the costs associated with co-location (e.g. urban 
congestion). Duranton and Puga (2004) outline three mechanisms of 
agglomeration economies that develop Marshall's (1890) central idea of localized 
aggregate increasing returns. These include sharing mechanisms (i.e. the sharing 
the fixed cost of indivisible facilities while incurring only marginal costs) and 
matching mechanisms (i.e. the returns incurred from larger local populations, 
including business partnerships and the coherence between employers and skills). 
The urban economics literature has dealt with both sharing and matching 
mechanisms to a large extent. A third mechanism is that of learning. 

                                                        
9 Other factors include urban size as well as urban density. 
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Learning mechanisms in urban settings continue with some of the core ideas 
of Marshall (1890) and Jacobs (1969), with some additional influence from Lucas 
(1988). Duranton and Puga (2004) separate learning mechanisms into two 
categories. The first of these is knowledge generation. This follows Jacobs 
(1969), in that the city facilitates experimentation and innovation. Duranton and 
Puga (2001) developed this into a microeconomic formalization, who modeled 
the agglomeration of firms at different stages of their lifecycle to justify the 
coexistence of diversified and specialized cities. It is assumed that young firms 
require periods of experimentation to test out different product designs and 
component combinations. Thus, young firms benefit from locating in diversified 
cities as this energizes the experimentation process. This comes with potential 
relocation costs for the firm. The second type of learning mechanism is knowledge 
diffusion. Microfoundations of the diffusion of information and knowledge 
include literature that model land use under spatial information externalities and 
the existence of central business districts (Fujita and Ogawa 1982; Imai 1982) as 
well as social learning models (Sobel (2000) provides a survey). Social learning 
models include concepts of inefficient herding and strategic delays, i.e. when 
firms wait for others to make a decision, ignoring their own information (Banerjee 
1992; Bikhchandani et al. 1992; Chamley and Gale 1994). Diffusion can also 
include the transmission of skills, as closer proximity to other individuals 
facilitates skills acquisition via face-to-face communication (Jovanovic and Rob 
1989; Jovanovic and Nyarko 1995; Glaeser 1999). From the perspective of the 
worker, relocating to a city entails a certain degree of risk as any increase in skills 
and therefore income comes at a higher cost of living. Nonetheless, with a larger 
city size, the number of interactions between skilled and unskilled workers 
increase (Glaeser 1999). A final knowledge mechanism pertains to the 
microfoundations of knowledge accumulation. This includes models of static 
externalities (Romer 1986; Palivos and Wang 1996), where growth derives from 
the city's production function alone, and dynamic externalities (Lucas 1988; Eaton 
and Eckstein 1997), where growth derives from the accumulation of human 
capital. The latter requires knowledge spillovers in order to sustain growth.  

The microfoundations that pertain to learning mechanisms are not as well 
developed as those that concern sharing and matching (Duranton and Puga 2004). 
This is likely due to the difficulties in measuring 'knowledge', which may be 
largely qualitative in nature. If knowledge is difficult to measure due to ambiguity, 
then it follows that measuring innovation is also problematic. As the Marshallian 
and Jacobsian framework give considerable weight to knowledge spillovers in its 
role of growth in urban settings, further research is necessary, even if this takes 
us away from the urban economics realm of thinking. Taken alone, one could 
view MAR externalities within a backdrop of static economic analysis. However, 
viewing the MAR framework through the prism of the neoclassical synthesis is 
erroneous as it doesn't tell the whole story, especially in terms of measuring 
innovation as well as the flow of knowledge. Arguably, innovation and knowledge 
are intrinsic to understanding industrial dynamics, especially with regard to the 
ideas put forward by the aforementioned literature. Furthermore, empirical studies 
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have found conflicting evidence that co-location of firms bring about MAR 
externalities (Frenken et al. 2015). Perhaps this is not due to a lack of such 
hypothetical returns to scale, but a result of a restrictive system of analysis. 
Perhaps localization and urbanization economies may only be unmasked if 
viewed in a more dynamic (rather than static) sense10. Furthermore, under the 
neoclassical microeconomic framework, firms choose from a range of 
technological possibilities to take full advantage of its production function. This 
implies that a firm has full knowledge of all available technologies, and will even 
carry out the use technology sets it has never even tried before. The route to 
achieving this is decisively simple. Firms, to gain a competitive edge in its market, 
naturally 'carries out innovation' to achieve its goals. Once innovation is complete, 
then the firm gains an advantage and enjoys the returns the innovation provides. 
Nelson and Winter (1982) criticize this approach on two grounds. First, such a 
framework ignores the possibility of uncertainty or the consideration of a range 
of feasible technology sets, and there is no discussion on the decision process of 
the firm. Investing in new technologies is costly, yet firms are assumed to 
approach innovation blindly with little consideration of what may or may not 
work. Second, traditional models carry a presumption that any research and 
development undertaken by the firm is internalized by that firm. Neoclassical 
models, therefore, fall short considering the transmission of knowledge and 
learning.  

It is important to note that while knowledge spillovers may be inferred, there 
is no actual proof that knowledge spillovers even exist. ‘Measuring’ a knowledge 
spillover is problematic, as it is purely a qualitative variable. Even recording their 
transmission is troublesome, as it would require constant and intrusive study of 
all subjects in question. And those that participate in a knowledge spillover may 
not consciously know that they have been a participant. This further adds to the 
inconsistency of studies documenting the existence of MAR, Jacobs and Porter 
externalities. Thus, the exact spillover mechanism, if it exists, is not yet fully 
understood. Beaudry and Schiffauerova (2009) compile and compare a range of 
peer-reviewed studies on the three types of externality. While these studies show 
that MAR, Jacobs and Porter externalities are all positive, there is no consensus 
to which one has the greatest impact. It is important to note that while such studies 

                                                        
10 Marshall (1890), although generally regarded as an antecedent of the neoclassical synthesis, 
at least in the sense that his analysis considered demand and supply, it is fallacious to contend 
that Marshall was a proponent of a static viewpoint. On the contrary, Marshall was an 
advocate of the dynamic analysis of economic systems, even going as far as saying so 
explicitly in Principles:“The Mecca of the economist lies in economic biology rather than in 
economic dynamics. But biological conceptions are more complex than those of mechanics; a 
volume on Foundations must therefore give a relatively large place to mechanical analogies; 
and frequent use is made of the term "equilibrium," which suggests something of statical 
analogy. This fact, combined with the predominant attention paid in the present volume to the 
normal conditions of life in the modern age, has suggested the notion that its central idea is 
"statical," rather than "dynamical." But in fact it is concerned throughout with the forces that 
cause movement: and its key-note is that of dynamics, rather than statics.” (Marshall 1920: 
xiv) 



Introduction and Summary of the Thesis 

29 

are unable to measure or identify actual knowledge spillovers, they can at least 
proxy for MAR, Jacobs or Porter externalities by gauging the level of diversity or 
specialization within a geographic locale. This comes with the weak assumption 
that the effects of all three externalities hold true. 

2.2.2  Evolutionary perspectives  

Knowledge can be said to embed itself in the form of skills (in individuals) or 
routines (in firms). Routines form when firms eject novel ways of doing things 
while retaining established, tried-and-tested formulas. Strong and established 
routines allow agents to process information and make decisions efficiently 
(Penrose 1959; Simon 1982) and influence a firm's adaptation to the environment 
(Nelson and Winter 1982). In the form of skills and routines, today's knowledge 
is the result of yesterday's knowledge, which in itself is a path dependent process 
(Arthur 1994) Thus, knowledge changes and evolves, via learning by experience 
(Arrow 1962), or by repetition (Scribner 1986) as firms discover improvements, 
which may be thought of as an innovation. These improvements, in turn, 
accumulate (Boldrin and Scheinkman 1988). Improvements that function well 
then become re-embedded in the routines of firms or skills of individuals. These 
improvements tends to be somewhat incremental as bounded rationality confines 
individuals to seek out a narrow range of alternatives. 

Knowledge spillovers require a certain degree of proximity, and in multiple 
dimensions. The French School of Proximity Dynamics (Gilly and Torre 2000; 
Torre and Rallet 2005) outlines five forms; cognitive, geographic, institutional 
and organizational proximity. While all relevant, this thesis places special focus 
on three of these dimensions when considering the flow of knowledge in industrial 
clusters: social, cognitive and geographic proximity.  

Socially proximate relations (Granovetter 1985) include friends and family, 
but in the context of the industrial lifecycle, they are based on experience. The 
key dimension here is relationships based on trust, as it reduces the risk of 
opportunistic behavior (Boschma 2005). As a result, social proximity can serve to 
stimulate learning. This relationship, however, is not necessarily linear. Too much 
social proximity may lead to innovation lock-in (due to too much trust) as well as 
opportunism (Uzzi 1997). Cognitive proximity, following from Nooteboom 
(1992; 2000), refers to the contiguity between partners in terms of knowledge and 
capabilities. As agents are subject to bounded rationality (Simon 1955a), and as a 
result, conduct routinized behavior (Nelson and Winter 1982), firms seek out new 
knowledge close to their existing knowledge set. Like social proximity, the 
relationship between the exchange of knowledge and cognitive proximity is said 
to be nonlinear. If agents were too cognitively proximate, then little information 
would be exchanged as their knowledge sets would be too similar. If agents were 
too cognitively distant, then they would have difficulty understanding each other. 
The relationship is thus said to be an inverse U.  

Geographic proximity, which is somewhat self-explanatory, describes the 
physical spatial distance between agents. Proximity of this sort is especially 
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relevant when one discusses the transmission of tacit knowledge, which can be 
difficult to spread verbally. Geographic proximity may also benefit the spread of 
codified knowledge that requires a certain level of tacit knowledge to understand 
(Howells 2002). Often, the transmission of such information requires the face-to-
face communication of agents. It can be difficult to isolate the effects of 
geographic proximity from other dimensions of proximity, as geographic 
proximity may often proxy for one of the other dimensions. For example, co-
location can entail high probability of social proximity. It is therefore important 
to control for other proximity variables when analyzing the effects of physical 
geography. Furthermore, there is no reason to assume that the various dimensions 
of proximity are not complimentary in nature. Two actors may be socially 
proximate, but may further require both cognitive and social proximity to 
facilitate the flow of knowledge.  

A notion that applies to all dimensions of proximity described above is that of 
variety, specifically that of related and unrelated variety11 as described by 
Frenken et al. (2007). The relatedness between actors, whether in a cognitive, 
social, organizational, institutional or geographic sense, is seen as an influence on 
how knowledge between those actors transmits. In the context of knowledge flows 
within the firm, the search for new knowledge is likely to be restricted to markets 
and technologies the firm is already familiar with, a result of fundamental 
uncertainty (Nelson and Winter 1982). Thus, to mitigate switching costs, firms 
will seek to expand upon knowledge it has previously dealt with in the past. Thus, 
any technological diversification taken on by the firm is one of related 
diversification, i.e. products that are technologically related to their current 
products (Penrose 1959). Related variety can thus be defined as the variety within 
a given industrial sector or realm of knowledge. Unrelated variety, on the other 
hand, concerns the differences between sectors12. Thus, when discussing new 
firms, and due the inherent uncertainty associated with new ventures, one would 
expect entrepreneurs to establish their firms within the bounds of their existing 
knowledge sets and competencies (Boschma and Frenken 2011b). The target 
industry and market of the new firm would hence need to be cognitively proximate 
to their existing knowledge of knowledge and routines. Furthermore, any further 
knowledge spillovers realized after establishing a new firm transmit via 
cognitively proximate channels. If an entrepreneur and/or the startup is to 
understand the ideas of others, there must be at least some degree of understanding 
of those ideas. Indeed, (Hausmann and Klinger 2007; Neffke et al. 2011) found 
that regions are more likely to expand and diversify into sectors that are related to 
their existing base of industrial activities.  

The evolutionary perspective thus tells us that knowledge and information are 
different from other public goods in a number of ways. Firstly, knowledge does 

                                                        
11 Developed from a concept from portfolio theory, as proposed by Montgomery (1994). 
12 How one defines an industrial sector or realm of knowledge is of course open to 
interpretation and may differ depending on the context of the argument. Related variety may 
also exist in relative magnitudes, and thus it is commonly measured using an entropy 
measure. 
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not exist in isolation. It is embodied in individuals in the form of skills, and in 
firms in the form of routines. Thus, if an employee were to leave a firm, 
knowledge follows. Secondly, knowledge evolves and accumulates when 
consumed. Thus, from a dynamic perspective, knowledge is cumulative and 
irreversible. When an actor consumes knowledge, it increases by replication, and 
knowledge replication over time brings about knowledge evolution via a path 
dependent process, or in other words, innovation. Third, knowledge and 
information suffers from entropy. It can be rendered obsolete or forgotten. Fourth, 
knowledge can only be transmitted, predominantly, via the five dimensions of 
proximity, each of which may enable the flow of knowledge in various degrees 
and may together act in a complimentary manner. New knowledge often arises in 
the first place in order to act as a practical solution to a specific problem (Maskell 
and Malmberg (1999)). It is then shared between two parties via 'learning-by-
doing' (Arrow 1962), i.e. it can be acquired only by experience.  

2.3  Entrepreneurial spawning and industrial 
dynamics 

The industrial lifecycle approach (Klepper 2007), focuses on the dynamics of firm 
entry and exit, and how industrial clusters may emerge from a single successful 
firm and subsequent generations of spinoffs. Localization economies, as detailed 
in section 2.2.1, although not automatically ruled out, do not necessarily play a 
role13. 

The process of the industrial lifecycle is as follows. The first generation of 
entrants in an industry comprises of experienced firms (those diversifying from a 
related industry), experienced entrepreneurs (those who previously worked for a 
firm in a related industry), and de novo firms (those without any relevant pre-entry 
industrial experience) (Klepper 2002). De novo firms are somewhat rare, with 
most first generation firms coming from related industries in the same region, a 
process that has been coined as the evolutionary branching process (Boschma and 
Frenken 2011a). Industry-specific studies have shown this branching process at 
work, for example with the television receiver industry (branching out from the 
radio industry) in Chicago, IL (Klepper 2006), and the environmental sector 
(branching out from the steel and coal sector) in the Ruhr area of Germany 
(Grabher 1993). Systematic studies have also found evidence for evolutionary 
branching; involving US regions (Essletzbichler 2015), Spanish regions 
(Boschma et al. 2013) and Swedish regions (Neffke et al. 2011). Thus, regions 
that host related industries are more likely to host more potential experienced 
firms and entrepreneurs, and therefore, are more likely to develop new industries 

                                                        
13 This is one of two main lifecycle approaches. The other is the spatial product lifecycle 
approach (Thompson 1968), where scale economies and increased market concentration 
follow product standardization. The industry lifecycle approach is the focus of this thesis. 
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(Feldman and Francis 2003), even though the emergence of such new industries 
is a chance event.  

Further generations of firms consist of a greater share of spinoffs, that is, firms 
established by entrepreneurs that worked for a firm in a related industry, often 
termed as the entrepreneurial spawning process. An employee may leave her firm 
to start a new establishment for a number of reasons. This may involve tenure or, 
conversely, the lack of perceived opportunities for future promotion (Andersson 
and Klepper 2013; Tåg et al. 2013; Elfenbein et al. 2010) or firm acquisition 
(Brittain and Freeman 1986). However, these reasons may be somewhat 
secondary, or an additional motivator. The essence of an entrepreneur's decision 
to leave an incumbent firm and establish a spinoff has often been suggested to be 
Schumpeterian in nature. Hvide (2009) proposed that this decision is a trade-off 
of pursuing a new idea, or keeping the idea within the incumbent firm. An 
employee may become an entrepreneur due to frustration with a new idea being 
rejected (Garvin 1983). Klepper (2007) found evidence of this in the automotive 
industry, especially with larger firms. The larger the firm, the greater the difficulty 
in recognizing talent among employees. Spinoff decisions may revolve around the 
idea itself, as a new idea may not fit in with the existing products or routines of 
the incumbent. Conversely, an entrepreneur may perceive an idea to be so 
profitable that this gives her an incentive to pursue it on her own. Spinoffs have 
an advantage over other types of entrant as they have more pre-entry experience 
in the industry. They are therefore able to overcome many entry barriers and 
compete with incumbent firms (Frenken et al. 2015).  

A cluster emerges as spinoff firms tend to locate in the same region as the 
parent firm. This may be due to the entrepreneur already established in the area 
along with her family and friends, and these relationships may also help the 
entrepreneur's existing knowledge of local and geographically proximate assets 
(including potential employees, sources of finance, etc.) (Dahl and Sorenson 
2009; 2012). Indeed, Carias and Klepper (2010) found that spinoffs in the same 
industry as their parent firm are more likely to locate in the same region and to 
hire workers from the founder's prior employer. Successful spinoffs give rise to 
the next generation of spinoffs, and so on. In time, as competition increases, exit 
rates rise. Firms with fitter capabilities survive while those with less fit 
capabilities, don't.  

Thus, the industrial lifecycle approach allows for firms that are heterogeneous 
in their capabilities due to their different pre-entry experience. Clusters are the 
result of the historical location choice of one or more successful first-generation 
firms, a consequence of 'regional path dependence' (Martin and Sunley 2006). The 
firms that are most capable of producing and delivering the products that happen 
to fit prevailing market demand are those that survive, grow, and in-turn produce 
the most successful spinoffs (Boschma and Frenken 2003), a process that is 
evolutionary in nature.  

Studies show that the emergence of industrial clusters are the result of the 
relatively superior capabilities of spinoff firms, inherited from incumbents. This 
has been shown empirically. Klepper (2007) found that spinoffs within the Detroit 
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automobile cluster outperformed spinoffs located outside the cluster. Once 
controlling for pre-entry experience, however, firms within Detroit did not have 
higher survival rates compared to firms outside Detroit, indicating the absence of 
agglomeration economies. This result was also found in the UK car industry 
(Boschma and Wenting 2007), the Akron, OH tire industry (Buenstorf and 
Klepper 2009), the US semiconductor industry (Klepper 2010), the global fashion 
industry (Wenting 2008), the German machine tool industry (Buenstorf and 
Guenther 2011), and the Dutch publishing industry (Heebels and Boschma 2011). 
Studies identify localization economies in two sectors only, both with extensive 
vertical division of labor; the global video game industry (De Vaan et al. 2013) 
and the plastic injection molds industry (Costa and Baptista 2012), and only after 
the cluster reached a certain size. The flow of knowledge between firms in an 
industrial cluster can therefore be said to be the result of the entrepreneurial 
spawning process itself. The transfer of knowledge and routines described in this 
section a passive process rather an active one. Discussing 'knowledge spillovers', 
in isolation, may be precarious when discussing the transmission of knowledge 
and ideas within industrial clusters. While spinoffs inherit the industry-specific 
knowledge and routines from their parent firms, this cannot be considered a 
knowledge spillover in the Marshallian sense. Knowledge transmission in this 
sense is more innate, or embedded. Moreover, further knowledge may flow via 
established inter-firm relationships that are both cognitively and geographically 
proximate in nature that may be mapped via networks that reveal socially 
proximate relations, that passively arise via parent-spinoff events.  

According to Boschma and Frenken (2011a), the resulting regional 
specialization of an industrial cluster thus fosters local related diversification, 
resulting from spinoffs locating near their parents and new divisions being 
established within incumbent firms. Furthermore, regional specialization acts as 
a selection mechanism for local firms as it provides opportunities for 
improvement for firms in related industries that are socially, cognitively and 
geographically proximate (Maskell and Malmberg 1999), while they are less 
likely to pursue new unrelated knowledge (Boschma 2004). This reinforces the 
local bias of the social networks that enable knowledge flows, and also explains 
how employees with specialized knowledge tend to change jobs within the same 
local labor market (Breschi et al. 2003; Carias and Klepper 2010). 

Recent work shows knowledge spillover externalities between firms, that is, 
those that are not associated with inherited knowledge flows from parents to 
spinoffs, operate on a finer geographic scale and attenuate sharply with distance. 
This follows from the idea that learning effects between individuals require a high 
degree of geographic proximity, which in turn operates on the spatial precision of 
neighborhoods, not metropolitan areas. Hence, any observed regional effects may 
in fact be the outcome of a number of neighborhood effects operating in parallel. 
Rosenthal and Strange (2008) found that, after drawing concentric radii around 
workplaces in the United States, attenuation of spillover effects was substantial 
after 8 km. Similarly, Van Soest et al. (2006) found that agglomeration effects are 
stronger within Dutch postcodes, which average 6 km2. Arzaghi and Henderson 
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(2008) assess neighborhood-level learning effects within cities, using data for 
Manhattan advertising agencies, and found that they occur within 500 m. 
Andersson et al. (2016) extended this analysis to multiple industries in the 
Stockholm area, and found that the different microfoundations outlined in section 
2.2.1 operate at different spatial scales, and found that there is a strong spatial 
decay of learning effects, especially for university-educated workers.  

Spinoffs can, in principle, be part of a completely different industrial sector 
from its parent, contributing toward a more diverse local economy. In this thesis, 
and according to the description earlier in this section, we consider spinoff firms 
within the same two-digit NACE classification1415 as its parent. A summary of 
these codes may be found in section 4. This allows for some firm diversity within 
an industrial cluster as well as specialty. This is to keep a certain degree of related 
variety. At the same time, extending the threshold of firm variety to include 
spinoffs of unrelated variety would be problematic as it removes our analysis 
away from a discussion of industrial clusters, and toward one of urbanization. We 
can further divide spinoffs into two types: pulled and pushed spinoffs. Pulled 
spinoffs are those that have surviving parents after the time of creation. Pushed 
spinoffs, on the other hand, do not. This distinction is important as it may highlight 
the underlying motives for establishing a new firm. Pulled spinoffs are typically 
the result of individuals with high entrepreneurial talent as well as Schumpeterian 
motivations. Pushed spinoffs, on the other hand, are often the result of necessity, 
i.e. to escape unemployment (due to the surplus of specialized skills) resulting 
from the closing of the incumbent firm (Bruneel et al. 2013; Cabral and Wang 
2009). 

3  Method and motivation  

3.1  Computational models 

Most forms of analysis in economics rely on variable-based models. Such models 
are acceptable in many circumstances, as their main purpose is to investigate an 
empirical relationship between economic forces. The predictive power of these 
models is usually measured by the degree to which the data fits the equation, even 
if the form equation itself is of little consequence (Gilbert 2008). However, 
econometric analysis falls short in representing the interactions between entities 
and the subsequent economic effects. Furthermore, unlike the natural sciences, 
there is little room for experimentation in the social sciences, due to the 
impossibility of isolating subjects as well as ethical considerations. Often, 

                                                        
14 With some exceptions, due to NACE code reclassification in 2002. 
15 An abbreviation of Nomenclature statistique des Activités économiques dans la 
Communauté Européenne, or the Statistical Classification of Economic Activities in the 
European Community, which is the industry standard classification of the European Union. 
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experimentation is the only way in which a researcher can uncloak the underlying 
dynamics of a system. Computational models are a relatively new class of 
modeling in economics, especially the sub-class known as agent-based models. 
Agent-based models allow for modeling heterogeneity in agents. This 
heterogeneity is not limited to external characteristics but also the decision rules 
of each actor. They model a somewhat simplified and artificial version of a 'social 
reality' that is thought to exist in the real world16 (Macy and Willer 2002). 
Moreover, adjusting the underlying parameters can alter and experiment on this 
artificial reality.  

Agent-based models consist of two aspects; agents and the environment. 
Agents tend to represent real-world actors such as individuals, firms or even 
whole countries. Each agent faces a set of rules which dictate how they interact, 
how they learn from that interaction, and how they transmit information. The 
transmission of information therefore not necessarily perfect, allowing for the 
possibility of incomplete or warped comprehension as well as corrupted 
dissemination. Agents interact with other agents as well as the environment they 
are placed in. Such an environment may itself change, either autonomously or due 
to actions taken by the agents themselves. An environment may also be 
characterized simply by the agents that populate it. Environments in agent-based 
models are often spatially explicit, meaning that they analogous to contiguous 
dimensions. This dimension may be geographical or nature or something more 
abstract such as those that describe a 'knowledge space' Gilbert et al. (2001). 

Such computational models offer several attributes that allow us to take into 
account the considerations employed in evolutionary economics and complex 
systems. This includes agent heterogeneity, as individual agents can operate 
according to their own preferences and decision-making rules, as suggested by 
Alchian (1950). Furthermore, computational models can capture boundedly 
rational agents (Simon 1955b; Kahneman 2003), i.e. those that are limited in 
cognitive abilities and their ability to optimize their own utility, as well as firms 
that are limited in their ability to maximize profits (Alchian 1950) and optimize 
production (Nelson and Winter 1982). Agents are thus heuristic in nature. The 
central aim is not to castrate agents per se but to program them in a manner that 
they reflect real-world human abilities. Crucially, and in the context of innovation 
and evolutionary economic geography, computational models can simulate agent 
learning at both the individual and population levels. Gilbert et al. (2006) 
illustrate that learning can be modeled in three ways; via an individual's 
experience, via social learning (where an individual agent's experience is 
distributed throughout the rest of the population) and via evolutionary learning, 
where inefficient agents are replaced by 'better' agents that are more adept at a 
given task or aim.  

Computational models in economics, including agent-based models, are used 
to examine how simple behavioral rules for interactions on a micro-scale 
aggregate to predict complex and emergent phenomena on the macro-level. The 

                                                        
16 This is known as ontological correspondence. 
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process is one from simplicity to complexity. Thus, such models are relatively 
uncomplicated in the design of behavioral rules, and hence the mantra “Keep it 
simple, stupid” (K.I.S.S.). Rules are generally not too complicated, and the 
number of variables and parameters kept to a minimum. The point is to arrive at 
a model where the whole is greater than the sum of its parts, and to compare a 
model's outcomes with observed real-world regularities, or what is often termed 
as stylized facts (Kaldor 1961).  

Frequently cited agent-based models used in economics include Schelling's 
(1971) segregation model, those on opinion dynamics (Deffuant et al. 2002), 
quality variability and consumer uncertainty (Izquierdo and Izquierdo 2007) and 
consumer behavior and product lock-in (Janssen and Jager 1999). Gilbert et al. 
(2001)built a simulation model of innovation networks featuring incremental and 
radical innovation to reproduce the characteristics of real-world innovation 
networks both in biotechnology and mobile communications. An often-cited 
model in innovation studies is the NK model (Kauffman and Levin 1987; 
Kauffman and Weinberger 1989) which uses a “tunably rugged” fitness 
landscape, a concept borrowed from evolutionary biology that visualizes the 
relationship between genotypes and reproductive success. In urban complexity 
thinking, Krugman's (1993) 'racetrack' model envisions a multi-region economy 
and uses a given set of parameters, or eigenvalues, to describe how the spatial 
economy evolves to an unevenly distributed steady state. Other models, including 
the one featured in this thesis, are much more analogical and abstract in nature, 
using an artificial world to analyze immeasurable real-world concepts. 

3.2  Network analysis 

Detailed longitudinal data may help us identify inherited pathways of knowledge 
spillovers via parent-spinoff linkages and social proximity. The use of networks 
in economic analysis allows for the inclusion of structural relations between 
various actors and entities (White et al. 1976). The purpose of network analysis is 
thus to measure and represent these structural relations in order to explain why 
they occur and the consequences they bring (Knoke and Yang 2008). Thus, 
network analysis can be instrumental in measuring the flow of knowledge 
between firms and individuals, which can in-turn develop our understanding of 
innovation and Schumpeterian entrepreneurship in the context of industrial 
dynamics. Knoke and Yang (2008) identifies three underlying assumptions about 
structural relations between entities. First, they are useful for understanding the 
behavior of actors more than discrete variables (such as income, age, gender, etc.). 
An often cited example is that of Padgett and Ansell (1993), who, in a study of 
15th century Florence, found that support for the Medici and rival elite families 
depended less on class and status and more on marital and economic relationships. 
Thus, network analysis in this context offers a more complete account of social 
action that one cannot otherwise gauge from descriptive measures of individuals 
in isolation. Second, structural relations affect the beliefs, and therefore actions, 
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of member entities. Hence, network analysis may reveal the mechanisms in how 
relationships affect the behavior of actors in an economic system, and under which 
conditions. For example, gossip is a powerful tool used by Homo Sapiens to create 
stable social groups. Knowing one's position in a network influences an 
individual's strategy in using such a tool. Third, structural relations are dynamic, 
rather than static, processes. They constantly change via the interactions of 
entities, and these interactions on the micro-level influence macro-level structure. 
Macro-level structure is therefore in a state of constant flux.  

Once often visualizes networks using two types of component: nodes (which 
represent entities) and links (which describe their interconnections) (Wellman and 
Berkowitz 1988). A visualized network can employ a number of different classes 
of nodes and links, describing different types of entities and relationships 
respectively. Resulting network structures vary greatly, ranging from dense, 
closely connected sets of nodes, to loose configurations of multiple cliques, to 
sparse and barely-connected networks. An adequate network measurement not 
only takes into account the presence of links between nodes, but also their absence 
as well. Furthermore, one can use measure a node's position within an overall 
network structure, both on a global level (such as a node's level of connectivity to 
anywhere in the network) as well as a local one (e.g. cliques). Thus, in order to 
accurately reflect real-world relationships, network analysis requires accurate 
relational data (Knoke and Yang 2008).  

Network analysis, according to Knoke and Yang (2008), is composed of three 
research design elements: sampling units, relational form and context, and the 
level of data analysis. The second and third papers in this thesis, which use 
network analysis, consider firms (or more specifically, establishments) as a 
sampling unit. Using longitudinal data regarding employee history, both papers 
use kinship and descent relations as a relational form (referred to as genealogical 
ties). These are networks that are passive in nature, i.e. those that arise due to 
historical consequence of employer-employee relations. Thus, when constructing 
such networks and measuring a firm's relationship to them, we use data recorded 
by government statistics, rather than relying on potentially unreliable and 
subjective surveys and questionnaires regarding an individual's connections. With 
any network, however, one needs to specify a boundary at where the network ends 
(as connections between entities could conceivably continue to the infinite). 
Following Laumann et al. (1983) we employ a nominalist strategy, where a 
“researcher reaches network closure by imposing an a priori conceptual 
framework that serves an analytic or theoretical purpose for a particular project” 
(Knoke and Yang 2008: 16). We thus draw the line to include all of Sweden (due 
to data availability) and at the ICT sector. As we consider the sector-specific 
knowledge and information of the ICT sector (which one can deem as somewhat 
research-intensive), we limit the network to links that only consider knowledge 
flows of such a nature.  
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3.3  Geographic scale 

The transmission of knowledge from firm to firm may also arise via face-to-face 
contacts, outside of hereditary networks. Personal contact enables the 
transmission of ideas and values via sight and hearing (Glaeser 2000). Such 
transmission mechanisms require geographic proximity, which, in addition to 
easing the transfer of industry-specific knowledge, may also serve to bring firms 
closer to prospective clients, a Marshallian externality that arises from locating 
close to similar firms. Geographic proximity may also work in a complimentary 
manner with network effects; as an 'enabler' for knowledge flows that may not 
otherwise realize via established channels. Thus, geographic proximity allows for 
maintaining existing relationships as well as forming new ones.  

Prior studies that use geographic variables have, for the most part, relied on 
aggregate areal geographic units17. This is a largely binary affair, as such studies 
use them to compare firms inside or outside industrial clusters. Such an approach, 
which is usually due to the lack of precise geographic data, can be problematic 
for a number of reasons. Firstly, defining an industrial cluster in a geographic 
sense can be ambiguous, as defining a border is arbitrary. A true industrial cluster 
may not, in fact, be limited to a certain city but may extend further to other 
metropolitan areas. Conversely, an industrial cluster may 'end' well within the 
limits of the defined boundary. Secondly, any learning effects may decay sharply 
with distance, which, in this case, is the reason for analyzing geographic proximity 
in the first place (Wennberg and Lindqvist 2010; Rosenthal and Strange 2001). 
Studies have shown that, in certain industries, learning and knowledge spillovers 
tend to occur at shorter distances. Learning facilitates at the neighborhood level 
rather than the city level, and thus any associated benefits and returns from 
learning quickly fall away with increased distance (Durlauf 2004; Arzaghi and 
Henderson 2008; Rosenthal and Strange 2001; Rosenthal and Strange 2008; 
Andersson et al. 2016). Thirdly, geographic proximity may act as a cost as well 
as a benefit. Some knowledge spillovers may be unintentional and damaging to 
the firm (Alcécer and Chung 2014; Da Silva and McComb 2012). Geographic 
proximity may also bring about competition effects, resulting in the least 
productive companies exiting the market (Combes et al. 2012). Thus, as the 
returns to geographic proximity may be nonlinear, a more precise geographic 
measure is necessary to consider this possibility. Instead of defining a 'boundary' 
of an industrial cluster, we find the cluster's centroid. Thus, a firm's geographic 
relation to the industrial cluster is its geographic distance to the cluster's centroid 
“as the crow flies”. We may then deconstruct this continuity to examine the effect 
of location on the firm. 

                                                        
17 Counties, metropolitan areas, etc. 



Introduction and Summary of the Thesis 

39 

4  Data  

Papers 2 and 3 in this thesis make use of empirical techniques (paper 1 uses a 
computational model as a tool of analysis). This section describes the data used 
in each of these two papers.  

Sweden uses a civil registration system maintained by the Swedish Tax 
Agency (Skatteverket). A personal number (personnummer) links information 
such as birth, death, address, employment and civil status. For this reason, 
Swedish data is longitudinal and very comprehensive. The latter two papers in 
this thesis draw upon the Swedish matched employer – employee data set 
(maintained by Statistics Sweden) for the period 1990-2010, which comprises of 
all employed individuals, establishments and firms in the country. While an 
establishment is a singular entity, a firm may consist of multiple establishments. 
The employer (in terms of establishment and firm) for each individual is recorded 
every November of each year, including the 5-digit level NACE code. The NACE 
codes for the ICT sector, and those that comprise the population data in this thesis, 
may be seen in Table 1.  

For individuals; gender, professional status (including founder, entrepreneur, 
or employee), place of employment (i.e. establishment), education, and years of 
study are reported. For establishments; in addition to NACE codes, the number of 
employees and geographic coordinates are reported. The longitudinal nature of 
the data is intrinsic to two critical themes covered in this thesis; the identification 
of spinoffs and the identification of networks.  
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Table 1. Classification for the ICT sector 

NACE 
(2002) 

NACE 
(1992) 

Activity 

72100 72100 Hardware consultancy 
72210 72202 Software consultancy and supply 
72220 72201/ 

74841 
Data processing 

72300 72300 Other software consultancy and supply 
72400 72400 Database activities 
72500 72500 Maintenance and repair of office, accounting and 

computing machinery 
72600 72600 Other computer related activities 

4.1  Identification of spinoff – parent network 

To identify spinoffs, we begin by identifying new firms, recorded as such in the 
data set, which also identifies the nature of a new firm's creation. As new firms 
can be the result of a split or merger of a previous firm, we further narrow down 
our selection to new firms outside these two categories. Then, using data for 
individuals' place of work (i.e new establishments), we match all employees with 
their employers. The next step is to identify employee flows at the establishment 
level, so we also identify individuals' place of work in the year prior to 
commencing employment at the new firm. As information for founders is limited, 
we identify parents and spinoffs following three criteria: 

1. If there is only one employee at the firm and establishment level, then we 
consider that single employee as the firm's founder. It then follows that 
the founder's previous establishment is considered the spinoff's parent.  

2. If any individual at a new establishment has a professional status 
recorded as 'entrepreneur', then that individual is   considered the founder 
of the new firm and the parent-spinoff relationship is identified using the 
entrepreneur's previous workplace.  

3. We identify the parent-spinoff relationship by the largest contingent of 
employees in the new firm that have the same employer.  

We follow these criteria in order, i.e. if the first criteria is met, then we identify 
the spinoff and parent, and no further steps are taken. If, after exhausting these 
three criteria, the new firm is not identified as a spinoff. A further identification 
concerns pulled and pushed spinoffs. Using the same criteria as Andersson and 
Klepper (2013) and Eriksson and Kuhn (2006), if a spinoff comes into existence 
the same year the parent firm exited, then it is considered a pushed spinoff. We 
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identify pulled spinoffs if the parent continues to operate. Once we have identified 
spinoffs and parents, then constructing a network based on those relationships is 
easy. A link between a parent establishment and spinoff establishment marks that 
relationship. There are several additional network rules, including those that 
pertain to splits, mergers, and multi-establishment firms. Furthermore, there are 
network rules that govern the relationships between spinoffs with a common 
parent. Further detail of these rules can be found in the second and third papers of 
this thesis. Not all establishments may be connected to a component using these 
rules, but are nonetheless considered for empirical purposes, especially for the 
third paper. For any networks used in this thesis, we do so for NACE codes as 
listed in Table 1, for all establishments in Sweden.  

After identifying a network, we use two network measurements in this thesis. 
Both network measurements consider individual nodes (which represent 
establishments). Each are based on different assumptions of network topography. 
The measurement used in the second paper of this thesis is a novel one, which we 
call the small world metric, which considers the small world attributes of each 
establishment in relation to the rest of the network. Small world networks (Watts 
and Strogatz 1998), which are explained in further detail in paper 2, carry an 
expectation of a network in which most, if not all, nodes are connected. The 
purpose of small world network analysis is to examine how nodes are connected 
to a given network. For this reason, we restrict analysis to the largest connected 
component of the network only and any nodes that are not connected to the largest 
component are dropped from analysis. Paper 3 on the other hand uses closeness 
centrality (Bavelas (1950)) as a measurement, which measures the importance of 
nodes, irrespective of network topography. Thus, all observations are considered 
for further analysis in that paper.  

4.2  The sample 

Once we have assembled a network according to the rules in section 4.1, we may 
then select our sample, which includes all spinoff ICT establishments within the 
boundaries of Stockholm county. Depending on the paper and subject of study, 
further criteria may apply18. This leaves a total of 1,155 observations for analysis 
in paper 2 and 3,050 observations in paper 3. Statistics Sweden provides 
coordinate data for firms at a precision of 10 meters. Coordinate data allows for 
the calculation of cluster centroids, or the mean x- and y-coordinates for all ICT 
establishments (not only spinoff firms) every year. One may then be able to 
calculate an establishment's distance to the cluster centroid in a Pythagorean 
manner. With the use of radii, we may reveal any suspected nonlinearity of the 
effects of geographic distance. Using individual-, establishment- and firm-level 
data we accompany distance and network measures with further variables such as 

                                                        
18 This is in addition to the network criteria in paper 2, which narrows the sample down even 
further to include observations in the largest connected component only. 
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the size of the establishment measured in the number of employees (both in a 
given year and at the time of spawning), the percentage of employees with a 
university education, whether or not the spinoff has a different NACE 
classification from the parent firm, and so on. In this thesis, a beta regression and 
a Cox proportional hazard model are the main econometric methods used for 
analysis. 

5  Summary and contribution of 
each paper  

5.1  Paper 1: A simulation of entrepreneurial 
spawning 

The first of the three papers in this thesis addresses the consolidation of the effects 
of initial industrial structure and technical cognition on entrepreneurial spawning 
patterns. The paper adheres to three empirical regularities as summarized by 
Klepper (2011). First, entrepreneurs inherit the knowledge and routines of their 
former workplaces, or parent firms. Second, entrepreneurs have an incentive to 
locate in the same area as their parent firms, to take advantage of locally 
embedded networks of industry-specific knowledge. Both of these regularities 
give new spinoffs a performance premium. Third, the birth of industrial clusters 
coincides with evolutionary industrial branching and new technologies. 
Therefore, to explain the emergence of industrial clusters, and subsequently their 
patterns of entrepreneurial spawning as well as resulting market structure, we look 
at the region's initial conditions. These initial conditions purely consist of a 
region's composition of firms, measured in size and number. 

Firm size is measured abstractly, in terms of kens19, which are elements of 
knowledge or ideas. As clusters emerge via advances in innovation, the 
knowledge and ideas that lead to both incremental and radical innovation must in 
some way be defined. Thus, the model used in this paper is a computational one. 
As agents are not directly represented, the simulation isn't strictly an agent-based 
model as described in section 3.1. However, it does conform to many of the 
underlying principles of agent-based modeling, that is, to model a simplified an 
artificial 'social reality' and to examine how phenomena emerge on the macro-
level resulting from micro-level interactions. Even if interactions are random, the 
resulting path dependent outcome should be broadly predictable. The model also 
incorporates bounded rationality and heuristic decision-making, as well as 
heterogeneous actors. Learning is also addressed and incorporated into the model, 

                                                        
19 Ken is the Scots English word for “to know, perceive or understand” or “a piece of 
knowledge” 
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which is not only a critical element for studies in innovation but also for agent-
based models in general. The model is also abstract in terms of environment, 
which is a three-dimensional cognitive space. Overall, the simulation incorporates 
the 'interaction' of kens and the resulting formation of new kens, as new ideas are 
a function of old ones. New firms arise out of Schumpeterian motivations, that is, 
the result of an innovation that is perceived to be radical in nature. The perception 
of novelty is a function of the overall market structure of firms, and hence, those 
firms' existing knowledge sets. The aim is to explain technological diversity 
between regions by the size of the initial firm.  

The model replicates a number of stylized facts of industrial clusters. First, 
when measured per employee, larger firms tend to spawn less frequently, while 
smaller firms tend to spawn more frequently (Gompers et al. 2005). Second, when 
measured in terms of performance, larger firms tend to spawn firms of higher 
quality, while smaller firms spawn firms of lesser quality (see Klepper (2009) for 
a survey). The third stylized fact concerns Zipf's law. Irrespective of how one 
defines firms size, the rank-size distribution of firms follows a Zipf distribution 
with a coefficient close to or equal to one (Axtell 2001). The novelty of this paper 
is that it replicates these stylized facts with a supply-side model of technical 
cognition. Furthermore, the model predicts future market structure based on initial 
conditions alone. Specific patterns of industrial clustering are a result of the 
characteristics of entrepreneurs themselves, modeled via differences in their own 
cognitive perception.  

5.2  Paper 2: Networks in clusters 

This paper examines the relationship between a firm's genealogical network and 
its geographic location within an industrial cluster. I define a genealogical 
network as a passive one that emerges out of parent-spinoff linkages. These 
networks map the transfer of embedded knowledge (as described in section 2.2) 
as well as future knowledge spillovers via social proximity. We hypothesize that 
there is a negative relationship between a spinoff's network efficiency and it's 
distance from the industrial cluster's centroid. The subject of study are spinoffs in 
the Stockholm ICT cluster from 1990 to 2010, a research-intensive and 
knowledge-demanding sector. Although recent literature infers that the 
transmission of knowledge in industrial clusters is accomplished via passive 
network ties which in turn gives such firms a performance premium) these 
network ties have not been directly measured. This paper aims to fill that research 
gap.  

Network efficiency is centered around the idea of small world networks (as 
formally described by Watts and Strogatz (1998)), in which nodes (in this case, 
representing establishments) are linked by a short chain of acquaintances. A 
network that can be described as small world is one that has a high degree of 
reachability (the ease of reaching one part of the network to another) and 
cliquishness (local groups of nodes with a high familiarity of one another). Thus, 



Jönköping International Business School 

44 

it is a network that is both globally and locally efficient, and we introduce a small 
world measure that takes into account both of these properties. Restricting our 
analysis to individual nodes (rather than the network as a whole), one can say that 
firms that exhibit higher small world properties will supposedly have a better 
understanding of their industry, as they have better and wider-reaching knowledge 
of other firms. But crucially, the efficiency of the knowledge pathway does not 
fall away upon minor structural changes to that industry (which in-turn has an 
impact on the industry's network). Thus, firms with small world properties have 
networks that are also robust.  

Using the principles of network topology as described in section 4.1, we find 
that, after controlling for firm size, parent size and age, there is indeed a 
statistically significant and negative relationship between network efficiency and 
geographic distance to a cluster's core. Thus, the paper fills a research gap by 
showing that firms with more efficient networks are more likely to be located 
within a geographic cluster of firms from the same industry. This implies that 
surviving firms that locate within the core of an industrial cluster are those that 
have the endowments associated with the inherited organizational abilities of their 
parents. Therefore, the relationship between geography and knowledge exists 
irrespective of any externalities gained purely by location choice. Instead, the 
firm's genealogical background can serve explain this relationship alone. 

5.3  Paper 3: Networks, geography and the 
survival of the firm 

The final paper extends the themes in paper 2 by examining the effects of 
networks and geography on firm survival. Whereas paper 2 addresses the 
relationship between network efficiency and firm location in industrial clusters, 
this paper seeks to investigate their effect on spinoff firm prospects. The central 
aim of this paper is to separate the networks effects from geography, which 
together proxy for two different mechanisms of knowledge transfer. While the 
former may proxy for inherited knowledge and gains from social proximity, the 
latter, when separated, provides an insight to any potential effects gained from 
social proximity and hence localization economies. 

Similar to paper 2, we use the Stockholm ICT cluster from 1990 to 2010 as the 
subject of analysis. Network topology also uses a very similar algorithm. As the 
lack of geographic precision in previous research has led to conflicting results for 
evidence of returns from location, we also make use of a continuous geographic 
measure as these return may not be linear, and may attenuate sharply with distance 
(Andersson et al. 2016; Arzaghi and Henderson 2008). It is for this reason that we 
separate continuous geographic distance into three concentric rings that emanate 
from the cluster's core. Geographic proximity and network effects may also be 
complementary in nature, and this is tested for as well. In terms of network 
measurement, this paper takes a different approach to that in paper 2. Instead of 
the small world metric, we use closeness centrality (Bavelas 1950), a somewhat 
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simpler measurement that takes into account a node's position relative to the rest 
of the network. This allows us to consider a much larger sample; a network of 
disconnected components, i.e. one which considers nodes that are not connected 
to the largest connected part. While the small world metric infers that nodes are 
part of one network component, paper 2 considers such a network. Closeness 
centrality allows for the consideration of all firms, irrespective their connectivity. 
This give us a much bigger picture when examining how networks impact firm 
survival. A Cox proportional hazard model is used for regression analysis.  

Along with paper 2, this paper adds to the existing research by not only 
identifying and measuring a genealogical network, but also by separating the 
returns gained by the background of the entrepreneur from those that derive purely 
from co-location. The paper arrives at four conclusions that are novel to the 
literature. First, it was found that firms with efficient realized knowledge channels 
derived via stronger multi-generational linkages had a better chance of survival 
over the study period. Hence, firms are heavily influenced by inherited 
organizational routines and knowledge. Second, the returns from geographic 
proximity are non-linear, with gains from co-location falling away at intermediate 
distances due to competition effects. Third, the gains from inherited knowledge 
and routines as well as geographic proximity have different effects depending on 
the background of the entrepreneur. Entrepreneurs that establish firms out of 
necessity (e.g. when the parent firm exits) rely more on inherited routines than 
those that establish firms due to Schumpeterian motivations (i.e. due to a novel 
idea). Fourth, the effects of networks and geography are complimentary in nature, 
which adds to the ideas put forward in section 2.2. Geographic distance may thus 
serve as an enabler for firms that wish to exploit their existing inter-firm 
relationships. 
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