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Sammanfattning 

Denna uppsats syftar till att analysera vikten av humankapital i alstrandet av ekonomisk till-
växt, genom dess effekt på kunskapsproduktionen i innovationsprocessen. Kunskap är en 
grundläggande förutsättning för innovation och teknologisk utveckling, vilket i sin tur är 
den huvudsakliga källan till långsiktig ekonomisk tillväxt. Uppsatsen beskriver kortfattat 
den miljö i vilken kunskap produceras samt faktorerna som påverkar denna produktion. 
Dessa faktorer antas utgöras av humankapital, tillgänglighet till universitets- och företags-
FoU samt anställningstäthet. Den funktionella regionen spelar en viktig roll i denna pro-
cess, bland annat genom dess koncentration av ekonomisk aktivitet vilket sammanhänger 
med agglomerationsfördelarna. 

För att analysera effekten på kunskapsproduktionen av ovan nämnda förklaringsvariabler 
genomförs en regressionsanalys där produktionen av ny kunskap mäts genom patent. Den-
na analys utförs på data på svensk kommunnivå och resultaten bekräftar uppsatsens hu-
vudsakliga hypotes; det vill säga att humankapital har en högst betydande inverkan på kun-
skapsproduktionen. Dessutom visar analysen att tillgänglighet till FoU även den har en be-
tydande inverkan, i synnerhet tillgänglighet till företags-FoU inom kommunen. Dessa resul-
tat överensstämmer därmed väl med slutsatserna i den teoretiska delen av uppsatsen; det 
vill säga att lokal tillgänglighet underlättar kunskapsöverföringen som krävs i innovations-
processen.  
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Abstract 

This thesis aims at analyzing the importance of human capital for generation of economic 
growth through its effect on knowledge production in the innovation process. Knowledge 
is a fundamental precondition of innovation and technological change, which in turn is the 
main generator of long run economic growth. The thesis briefly outlines the milieu in 
which knowledge is produced and the factors affecting this production, assumed to be es-
sentially human capital, accessibility to industry and university R&D and density of em-
ployment. The functional region is found to play a significant role in this process, partly 
due to its concentration of economic activity as a consequence of agglomeration effects.  
 
In order to analyze the effect on the knowledge production, measured through patents, a 
regression analysis including the variables specified above is performed on data of the 
Swedish municipalities.  The results of the analysis confirm the main hypothesis of the the-
sis; that human capital has a major impact on the knowledge production process. More-
over, accessibility to R&D is found to have a significant impact as well; particularly local 
accessibility to industry R&D. This corresponds well with the conclusions of the theoretical 
part of the thesis; that local accessibility facilitates the transmission of knowledge useful in 
the innovation process.      
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1  Introduction 

During the last few centuries the western economies have experienced an economic growth 
never before seen in history. This transformation has mainly been caused by knowledge, 
compared to previous history where land, natural resources, labor or machines were the 
factors determining economic growth and development. Long run economic performance 
during the last few decades, known as the knowledge economy or the information age, has 
consequently been driven by innovation and technological change instead, but once again; 
in order for these processes to occur, knowledge is a fundamental prerequisite. Further-
more, the emergence of an integrated set of information and communication technologies, 
together with the ongoing process of globalization, have reshaped both industrialized and 
industrializing economies by increasing employment levels and consumer spending, as well 
as implying significant productivity gains (Wolfe and Gertler 2002). The production of new 
knowledge thus plays an important role in economic growth, international trade and re-
gional development, the latter being the main focus of this thesis. 
 

In the past, the cost from producing manufactured goods came mainly from raw materials, 
such as plant and labor costs. Very little value was added through the highly standardized 
labor processes of the production line. Today, this has changed fundamentally. Intangible 
inputs that are dependent upon employee knowledge and skills, i.e. human capital, play a 
crucial role in the economy (Neef et al 1998).  Hence, knowledge, and thereby information 
and technology, constitute the very base of the era we are living in today, characterized by 
rapid economic and technological change. However, in order for technological change to 
occur, the production of new knowledge is a prerequisite. But how is knowledge produced? 
Obviously there are a number of theories regarding this problem, but a widely accepted 
one is that that new knowledge is a combination of existing knowledge (originally devel-
oped by Schumpeter, 1939). This is also the assumption concerning knowledge production 
which this thesis is based on. However, if we suppose that existing knowledge is spread 
among different individuals, it is essential that they are able to meet and interact face to 
face. The potential of interaction in different areas is measured by the notion of accessibil-
ity. We can quite reasonably make the assumption that education and knowledge are posi-
tively correlated; that is to say, the more education a person has, the more knowledge he 
also possesses. Hence, accessibility to individuals with higher education, and especially the 
possibility for these to interact, is crucial for the production of new knowledge. Thereby, 
the basic assumptions of this thesis can be established: in order for economic growth to 
occur, technological change is essential. This is turn requires new knowledge, which de-
pends on the accessibility to industry R&D and university research, together with human 
capital.  

In this thesis the connection between innovation and human capital will be emphasized. 
The importance of regional supply of services and accessibility to educated labor with re-
spect to regional development are emphasized by many researchers (Karlsson and Petters-
son 2005). Hence, it will be assumed that there is a positive correlation between these two 
factors; that is, an increase in the stock of human capital will bring about an increase in the 
rate of innovations, which in turn is likely to cause a rise in the production of patents. 
However, between these two factors it is rational to believe that a third one should be 
added; namely creativity. Innovation may also be enhanced by research and development 
invested by the private industry and universities. However, in order to explain the innova-
tion process and thereby the production of new knowledge, we need to determine the fac-
tors composing innovation. As mentioned earlier, it will be assumed in the thesis that new 
knowledge is a result of combining existing knowledge, referred to as “novelty by combina-
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tion” (based on Schumpeter’s definition). In this connection interaction, on a face-to-face 
basis, between relevant agents is a prerequisite, in order to exchange and combine tacit 
knowledge. This will be further discussed in section 3. 
 
However, despite the fact that innovation processes constitute a crucial element of eco-
nomic growth, the problem of measuring innovation has not yet been completely resolved 
(see e.g. Acs et al. 2002). An essential problem involved in such analysis is the measurement 
of economically useful new knowledge and technological change. Due to the lack of reli-
able innovation data a substituting measure is essential in the empirical analysis. In this the-
sis patent data, assumed to represent knowledge of economic significance, will be used as 
an indicator of innovation and technology creation as patents constitute a reliable and ex-
tensive data source. This will be further discussed in Section 5. 
 
The main ambition of this thesis, however, is to assess the factors relevant in the knowl-
edge production process, and the means by which new knowledge may arise. Generally, 
three ways can be identified in this process: 

(i) generated by the existing productive apparatus in the economy. This, in turn, is 
affected by the character and the extent of the production, the employees’ level 
of education and learning by doing or, alternatively, learning by using, resulting 
in new knowledge arisen as a by-product 

(ii) investments research and development (R&D) by mainly the private sector, 
universities and research institutes, i.e. intentional knowledge production  

(iii) knowledge and discoveries arisen unintentionally   

A common characteristic of the first two factors is the significance of the educational level 
of the employees, that is, the amount of human capital possessed by the labour force in the 
respective sectors. Human capital, in turn, is influenced by the educational system, which in 
turn is affected by the existing stock of knowledge in the region, as well as knowledge of 
other regions exchanged through migration from surrounding regions. However, not only 
the amount of human capital but also the number of employees is highly relevant in the 
knowledge production process. Thus, employment density will be discussed in the theoreti-
cal part of the thesis and also included in the empirical analysis.  

Since density, as most other factors affecting innovation performance, varies widely across 
space it is important to keep in mind that regional dissimilarities result in different innova-
tion conditions. This thesis is based on the widely accepted assumption that the production 
of technological knowledge is localised and geographically concentrated (see e.g. Audretsch 
& Feldman 1996) and that functional regions play an important role in the knowledge pro-
duction process. A functional region constitutes an integrated local labor market and is dis-
tinguished by “its concentration of activities and of its infrastructure, which facilitates par-
ticularly high factor mobility within its borders” (Johansson and Karlsson, 2001 p161). 
However, these regions vary in terms of both the extent and the type of their knowledge 
production. This reasoning corresponds well with the theory labelled new economic geography 
(NEG), which assumes that economic activity is not evenly distributed across space, imply-
ing that functional urban regions, and not countries, constitute the natural units of eco-
nomic analysis (Karlsson and Johansson 2004). The NEG theory explains why economic 
activities concentrate in certain regions by using different versions of a general equilibrium 
model, in which the interrelations between three variables - increasing returns to scale, 
transport costs and the demand for manufacturing goods- constitute the basis (Karlsson 
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and Johansson 2004, Krugman 1991). The existence of scale economies is a fundamental 
reason for the existence of nodes and clusters, such as cities, and urban regions. Without 
scale economies production and other economic activities would be dispersed to reduce 
transportation costs (Karlsson and Johansson 2004, referring to Quigley 1998). The NEG 
models further presuppose that agglomeration due to external economies results in condi-
tions of supply and demand which are more advantageous in the cluster than in smaller re-
gions; thereby this agglomeration supports the growth of incumbent firms and attracts new 
firms to enter. Moreover, agglomeration also has the effect that once a clustering process 
has commenced it will tend to reinforce itself by attracting more firms. This tendency re-
sults in a growth spiral since the growth and entry of firms increase cluster strength, which 
in turn promotes further growth and entry (Karlsson and Johansson 2004). 
 

1.1 Purpose and hypothesis   

The central purpose of this thesis is to analyze the importance of human capital for genera-
tion of economic growth through its effect on knowledge production in the innovation 
process. The aim is to create a general understanding of the factors influencing the produc-
tion of new knowledge by assessing issues such as what is knowledge? How is it generated? How 
do communication and interaction affect the stock of human capital? Does access to an educated labour force 
affect the production of new knowledge? In order to analyze empirical data regarding the knowl-
edge production in Sweden, patent data has been used as a measure of newly produced 
knowledge. Furthermore, the thesis will connect the two concepts of human capital and 
patent production. Why is human capital important to produce new knowledge and hence patents? Are 
patents correlated to high accessibility of human capital? The ambition is thereby to analyze the role 
of human capital in the production of patents through an empirical analysis, performed by 
assessing the linkage between proximity and the probability of knowledge spillovers among 
Swedish municipalities. This is realized by including the factors believed to influence the 
knowledge production process, namely accessibility to research and development by private 
firms and universities respectively, access to an educated labour force, employment density 
and size of the municipality. The model thereby summarises the hypothesis underlying the 
thesis; that is, that a high degree of accessibility to R&D as well as an educated labour force 
will facilitate the innovation process. Moreover, employment density and a large municipal-
ity size are believed to have a positive impact on the knowledge production process as well 
and are therefore included in the estimated model.     

Hence, the purpose of the thesis is to explain the nature of knowledge and the importance 
of accessibility to human capital, using patent data as a proxy for innovation performance 
when presenting the empirical evidence.  

1.2 Outline  

The first section of the thesis assesses the knowledge production process by discussing the 
concept of knowledge as such and the nature of knowledge and innovation. As a second 
step the importance of knowledge in economic growth is emphasized. This is followed by 
assessing technology supply and its role in the innovation process. This leads to a discus-
sion concerning knowledge spillovers in Subsection 4, which is interlaced with the issue of 
industry localization.  
 
Section 3 deals with the accessibility concept and its role in the production of new knowl-
edge. In this context the impact of resources devoted to research and development is also 
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emphasized. The following part; Section 4, assesses the importance of human capital and 
employment density in the innovation process. The theoretical part of the thesis is ended 
by a discussion about patents as a measure of new knowledge (Section 5). 
 
The empirical part of the thesis, Section 6, is based on an estimation of a cross-section 
model using OLS. This model is based on the hypotheses discussed in the purpose, includ-
ing the explanatory variables assumed to affect the production of new knowledge. The re-
sults of the analysis are then discussed and connected to the theoretical framework. The 
thesis ends with a brief conclusion and suggestions for future research.  
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2 The Production of New Knowledge 

2.1 The nature of knowledge and innovation   

In general, knowledge can be divided into three broad categories: (i) scientific, which refers 
to the basic scientific principles that require formal training to access, (ii) engineering, which 
is comparable to blueprints, i.e. inventions directly applicable in production and (iii) entre-
preneurial, which stems from learning-by-doing (Karlsson and Manduchi, 2001).  

When assessing the nature of knowledge it is important to distinguish between knowledge 
and information. According to Karlsson and Johansson (2004, p 4) “information flows are 
characterised by low friction whereas the opposite applies to knowledge”. This is due to the 
fact that information consists of data that is easily codified and therefore can be transmit-
ted, received, transferred, and stored at low costs (ibid, referring to Kobayashi, 1995). 
Knowledge, on the other hand, consists of “organised or structured information that is dif-
ficult to codify and interpret, generally due to its intrinsic indivisibility” (Karlsson and Jo-
hansson, 2004, p 4). This implies that information transmission is close to invariant with 
respect to distance, whereas the transmission costs of knowledge increases with distance. 
Empirically, research shows that much of the knowledge relevant in innovation processes 
is hard to codify (Andersson and Karlsson, 2004). This type of knowledge is denominated 
tacit knowledge and requires direct contacts (i.e. face-to-face (FTF) contacts) since it does 
not exist in explicit forms (e.g. printed on paper), but are made up of experiences, know-
how, skills etc. Hence this deviates from explicit knowledge, which evolves from education 
and formal training and thereby is easily codified and transmitted. Due to this fact explicit 
knowledge can be transmitted through telecommunication technologies, whereas tacit 
knowledge demands interaction between relevant agents (Lorenzen, 1996 and Neef et al. 
1998). Despite this complicatedness “much knowledge germane to innovation is indeed 
tacit” (Karlsson, 2001). This fact, in turn, emphasises the role of accessibility, i.e. the possi-
bility for relevant actors to interact, as discussed in the following chapter.  
 
In general, technological knowledge is transmitted in either of three forms: (i) carried indi-
vidually, (ii) codified, and (iii) enclosed in equipment. Technology transmission carried in-
dividually arises when a person brings knowledge into a new organization, when changing 
place of work for instance. When this knowledge has reached a certain level of well 
worked-out systematics it can be codified; i.e. transmitted as a message through e.g. con-
structional drawings and instructions or human interaction. The third form; technological 
transmission enclosed in equipment, arises when equipment and machinery embodying 
technological solutions are installed in an organization. However, it is important to note 
that these three forms of technological transmission may be combined (Johansson, 1993 
p102).   
 
The concept of innovation has been discussed extensively in the literature but is often con-
nected to Schumpeter (1939) who defined innovation by means of the production func-
tion: “this function describes the way in which quantity of product varies if quantities of 
factors vary. If, instead of quantities of factors, we vary the form of the function, we have an 
innovation”. According to Schumpeter, an innovation is therefore the application of new 
ideas in technique and organization which effects result in changes of the production func-
tion. The strategic element is, according to Schumpeter, entrepreneurial activity, which in 
turn is a determining factor for change and growth. Hence, Schumpeter’s definition of in-
novation is the setting up of a new production function. His definition is therefore very 
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wide, compared to many other definitions that are narrow in the sense that they are re-
stricted to technical innovations (Edquist, 1997). However, it is this category of innovations 
that will be analysed in this thesis, with the assumption that it is this specific category that 
predominantly generates economic growth. Hence, new technology and economically use-
ful knowledge will be treated synonymously.  

2.2 The importance of knowledge 

Neef et al (1998) emphasize the importance of knowledge by stating that “excluding mo-
nopolistic policies and other market irregularities, there is no sustainable advantage other 
than what a firm knows, how it can utilize what it knows and fats it can learn something 
new!”  (ibid. p. ix) Furthermore, they mention four reasons to the increasing significance of 
knowledge;  

(i) the globalization of the economy, implying a massive pressure on firms for in-
creased adaptability, innovation and process speed 

(ii) the awareness of the value of specialized knowledge, as embedded in organiza-
tional processes and routines, in coping with the pressures of globalization 

(iii) the awareness of knowledge as a distinct factor of production and its role in the 
growing book value to market value ratios within knowledge-based industries 

(iv) cheap networked computing, which provides a tool for working with and learn-
ing from each other 

During recent years a lot of research has been devoted to the “system of innovation” ap-
proach. This concept is composed of the many factors that influence innovation processes; 
i.e. factors that occur in interaction between institutional and organizational elements. 
Technological change and other kinds of innovations have been almost universally ac-
cepted as the most important sources of productivity growth and increased welfare. Inno-
vations, i.e. new creations of economic significance, may be brand new but are more often 
new combinations of existing elements (Edquist 1997). There are various kinds of innova-
tions, such as technological and organizational. The one that this thesis will focus on is 
technological innovations since these are the one generating patents, which will be analyzed 
in the empirical part of the thesis. The process generating technological innovations is ex-
tremely complex since they include the emergence and diffusion of knowledge elements 
(i.e. with scientific and technological possibilities), as well as the “translation” of these into 
new products and production processes (Edquist 1997). This translation is characterized by 
complicated feedback mechanisms and interactive relations involving technology, learning, 
production, demand etc. (Edquist 1997). Due to the complexity of innovation processes 
firms almost never innovate in isolation. Instead they interact with other organizations to 
gain, develop and exchange resources such as knowledge and information. These organiza-
tions may constitute of other firms, universities, research institutes etc. Due to their inno-
vative activity firms often establish relations with other firms and other kinds of organiza-
tions, and due to this fact it is not rational to regard innovating firms as isolated, individual 
decision-making units (Edquist 1997). This fact, in turn, put emphasis on the importance 
on the concept of accessibility, which will be discussed in the following section.  
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2.3 Technology supply  

Many economists (e.g. Rees 2000, in Johansson, Karlsson and Stough) regards technology 
as a primary determinant of productivity and a major driving force of regional economic 
growth and development. During the past 20 years the concept of regional development 
has been devoted a lot of research, which has led to the conclusion that technology is di-
rectly related to the theories of agglomeration and human capital. However, in order to 
analyse the relation between technology and human capital a definition of the nature of 
technology is appropriate. According to Romer (1990), technology can be considered a 
nonrival, partially excludable, good or input. Nonrivalry implies that the use of the input by 
one firm does not limit its use by another. In the case of technology, it is nonrival since 
once the initial instructions for developing a new good has been incurred, they can be used 
over and over again at no additional cost. Excludability in the case of technology comes 
from the fact that technological change takes place due to the actions of profit-maximizing 
agents; hence improvements in the technology must imply benefits that are at least partially 
excludable. Moreover, growth is driven by technological change that in turn is a result of 
intentional investments made by profit-maximizing agents. The main conclusions of this 
model are that the rate of growth is determined by the stock of human capital, that having 
a large population is not sufficient to generate growth, that too little human capital is spent 
on research in equilibrium and that integration into world markets increases the rate of 
growth. Although factors such as an effective labour force and capital stock are still very 
important, the role of technological change has increased rapidly over the past century. 

Another interesting implication made by Romer (1990) is that a new design enables the 
production of a new good that can be used to produce output. Furthermore, this new de-
sign also implies an increase in the total stock of knowledge, which in turn increases pro-
ductivity of human capital in the research sector. The owner of a design has property rights 
over its use in the production of a new producer durable but not over its use in research. 
This implies that other inventors are free to study the patent application and by doing so 
learn knowledge that helps in the development of a new good (Romer 1990). However, this 
procedure brings about a causality implication in the sense that it creates an interdependency relation be-
tween research and patenting activity where research depends on earlier patents, while research is a funda-
mental prerequisite for patenting. According to Romer (1990), the benefits from the first pro-
ductive role of a new design are fully excludable, whereas the benefits from the second are 
fully non-excludable.  Taken as a whole, this implies that the nonrival design inputs are par-
tially excludable. The conclusion of this reasoning is that technology is not considered a 
pure public good in the sense that it is partially excludable, which means that other eco-
nomic agents cannot be fully denied access to technology. This, in turn, implies that if an 
agent has access to the knowledge behind a certain invention he can develop this further, 
into a new product. Technological change arises due to the presence of supply and demand 
forces, which means that if there are suppliers who can develop the knowledge behind a 
certain product, and demand for it, this will result in the production of new technology in 
form of the new product. Following this logic, the supply of technology and knowledge 
will foster technological change, and thus economic growth. The growth rate increases with 
the stock of human capital, but it does not depend on the total size of the labour force or 
the population. Hence, growth may not take place at all if the stock of human capital is too 
low. This idea may be relevant for poor countries or when making historical analyses. 
Moreover, technological change provides the incentive for capital accumulation, which to-
gether represents much of the increase in output per hour worked. 
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Furthermore, in his model Romer makes the assumption that technological change is en-
dogenous in nature, and that it therefore is caused by intentional actions taken by agents 
that response to market incentives. The most fundamental idea of this model, however, is 
that instructions for working with raw materials are essentially different from other eco-
nomic goods, since once the cost of creating a new set of instructions has been incurred, 
these instructions can be used over and over again at no additional cost. Following the 
same logic, developing new and better instructions is equivalent to incurring a fixed cost. 
This characteristic is, according to Romer, the defining feature of technology (Romer 
1990).  Another striking feature of Romer’s model is its assumption of knowledge as hav-
ing characteristics of a public good. Thereby an idea can cause a cumulative process, result-
ing in the creation of new ideas and inventions. However, although empirical evidence 
supports the existence of knowledge externalities, or spillover effects, its effectiveness has 
been found to dissolve with distance (Co 2002). This will be further discussed in the fol-
lowing section. 

2.4 Knowledge spillovers and industry localization 

This process of knowledge diffusion described above, in which new knowledge is gener-
ated on the basis on existing knowledge, can either be in the form of a formal transfer, 
where the original inventor is compensated, or in the form of informal knowledge spill-
overs which does not imply any compensation (Romer 1990). To what extent these spill-
over effects influence the geographic concentration of economic activity has been sub-
jected to extensive research. Both Marshall (1920) and Krugman (1991) assume that the lo-
calization decisions by firms can be influenced by external economies of scale, wherein 
knowledge spillovers constitute one of the factors. In general, Krugman assumes that eco-
nomic activity is localized and to a large extent concentrated (Krugman 1991). Thus he 
maintains that localization is crucial in the production of knowledge, and thereby economic 
growth, since the effects of externalities generated by knowledge spillovers will yield in-
creasing returns to scale. This is also confirmed by Jaffe, Trajtenberg and Henderson 
(1993), who find empirical evidence of geographical concentration in the production of 
new technology. This fact is explained by the cost of transmitting knowledge, which is 
positively correlated to distance, and localization patterns can therefore be explained by 
proximity motives. Hence, most research “generally asserts that knowledge spillovers have 
clear spatial boundaries since the communication between workers depends on their geo-
graphical proximity. The main message is that spillovers and transfers of knowledge are 
likely to be smooth in the presence of proximity” (Andersson and Karlsson 2004, p8). This 
is also confirmed in studies by Acs et al. (2002), who provide strong evidence for both the 
US and Europe which confirms that knowledge flows, measured by patent citations1, are 
bounded within a relatively constricted geographical area. Moreover, they argue that several 

                                                 

1 Citations are references to patents appearing in the patent documents themselves. They can be 
seen as indicators of technological importance and the economic value of innovations since they 
indicate the significance of a patent over time. Patents, on the other hand, are according to Jaffe 
and Trajtenberg (2002) indicative only of the input side, as reflected by R&D outlays. Thereby pat-
ent citations enlighten the scientific contributions of a patent. 
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recent studies indicate that “companies are indeed attracted to the close proximity of exter-
nal knowledge inputs such as universities” (Acs et al. 2002, p 1070). 

In general, advances in electronic communication technology may decrease the cost of 
transmitting information and knowledge (Feldman and Audretsch, 1996). However, the 
transmission of complex information still increases with distance. Therefore, returns to 
knowledge may be spatially bounded and consequently inventions would cluster spatially. 
This idea contrasts with immediate knowledge diffusion, which implies that technology 
gaps between regions do not exist. This assumption, made by the neoclassical growth 
model, suggests that invention activities will not cluster since there is no advantage from 
clustering. However, this approach has been rejected by recent research and we can thereby 
assume that productivity growth is influenced by localized knowledge spillovers (Co, C. 
1999). 

In Andersson (1990), infrastructure is said to constitute the basis for, inter alia, the eco-
nomic systems and its structure will affect the organisation of production. Today, a favour-
able milieu for innovation activities is characterised by a multiplicity of networks and a high 
degree of information, knowledge and R&D activities. This development has implied that 
leading regions base their advantage partly on a dense location of contact intensive activi-
ties, which in turn facilitate the opportunities to face-to-face contacts. This kind of eco-
nomic density will influence the productivity of a region (Ciccone and Hall, 1996 and Fors-
lund, 1997). Local densities, which in turn influence geographic localization of economic 
activity, can thereby be assumed to be positively correlated to the production of technol-
ogy. Hence, there is an agglomerative causality between local employment densities and the 
production of new technology. Following this logic, it is rational to make the assumption 
that density is more relevant than the size of the city or region when analyzing agglomera-
tion economies. This is the assumption that Ciccone and Hall (1996) base their theories on, 
concluding that the output to input ratio rises with higher density and that labour produc-
tivity is positively correlated to density. When combining these tendencies, Ciccone and 
Hall draw the conclusion that density contributes to higher levels of specialization.  

Acknowledging the importance of industry localization to gain from knowledge spillovers 
emphasizes the significance of accessibility, which will be discussed in the following sec-
tion. The apparent connection between localization and accessibility accentuates the con-
cept of the functional region; i.e. a local labour market. This implies that “the boarders of a 
region are composed of the intensity of economic interaction, consisting of nodes, such as 
municipalities, connected by economic networks and networks of infrastructure” (Anders-
son and Karlsson, 2004, referring to Johansson, 1993). Functional regions thereby play an 
important role in the knowledge production process as discussed in the introduction. 
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3 The Role of Accessibility and R&D in the Produc-
tion of New Knowledge 

3.1 The importance of accessibility 

As described in the previous section localized knowledge spillovers have a positive effect 
on the production of new knowledge in a region. In this section, however, the emphasis 
lies on not only the physical distance between relevant agents in knowledge production, but 
on time distance. This is due to the fact that the transmission of knowledge is time and re-
source consuming; thus there is a positive correlation between cost and distance. “Another 
reason for using time distance is that it takes differences in regional infrastructure capacity 
and quality into account” (Andersson and Karlsson, 2004 p12). Instead of measuring the 
physical distance it is therefore rational to incorporate the concept of accessibility, which is 
negatively related to geographical distance. This concept can be defined as the sum of a 
municipality’s internal accessibility to a given opportunity and its accessibility to the same 
opportunity in all other municipalities (Andersson and Karlsson, 2004). According to Jo-
hansson, accessibility arises through networks which connect resource nodes and provide 
conditions to control e.g. knowledge flows and coordinate activities in time and space (Jo-
hansson, 1992). Thereby accessibility increases the possibility for relevant actors to interact, 
that is, to meet on a face-to-face basis and exchange ideas, which is particularly important 
in the transmission of tacit knowledge. This implies, ceteris paribus, that in a situation 
where two regions have the same geographical distance to a certain opportunity, but un-
equal time distances, the region with the highest accessibility to FTF-contacts will produce 
and diffuse new technology more efficiently (Andersson and Karlsson, 2004). In general, a 
high accessibility value to some relevant opportunity facilitates the innovation processes. 
Andersson and Karlsson (2004) show that there are two ways in which this value of acces-
sibility can be improved; either by a reduction of the time distance or by an increase of the 
size of the opportunity.  

This thesis is based on the assumption that spatial interaction between regions is a central 
factor in the production of new knowledge and technology. A common assumption in ear-
lier research (see e.g. Carlino, Chatterjee & Hunt, 2001) is that knowledge production de-
pends on geographically restricted spillovers, which in turn depends on distance. Thereby 
interaction between regions and accessibility to research is neglected. According to Edquist 
(1997), “interaction between various organizations operating in different institutional con-
texts is important for processes of innovation. The actors as well as these contextual fac-
tors are all elements of systems for the creation and use of knowledge for economic pur-
poses. Innovations emerge in such systems”. These systems, or networks, are also empha-
sized when considering Schumpeter’s “novelty through combination” approach, as it 
stresses the importance of economic networks, which provide individual firms and regions 
the prerequisites needed to share and capture enough novelties to be able to combine these 
into new inventions (Johansson, 1993). 

In general, there is a commonly accepted fact in the literature that a regional economic mi-
lieu characterized by proximity between relevant actors is appropriate for the establishment 
and maintenance of a successful regional innovation system (Andersson and Karlsson, 
2004). However, there might be reason to question the link between proximity and innova-
tion, and instead analyze to what extent accessibility affects regional innovative capacity. As 
discussed in the previous chapter, interaction is of major importance in the production of 
new knowledge. But more importantly, opportunities of interaction, and thereby the per-
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formance of regional innovation systems, is strongly related to accessibility. When applying 
the concept of accessibility to empirical analyses it is rational to distinguish between three 
types of accessibility:  

(i) local accessibility: 5-15 min, allowing for several unplanned contacts per day 

(ii) intraregional accessibility: 15-50 min, contacts made on a regular basis, once per 
day (communing) 

(iii) interregional accessibility: > 50 planned contacts, low frequency 

(Andersson and Karlsson, 2004). The accessibility estimates used in the empirical analysis 
are classified according to the above categorization to enable an analysis of what kind of 
accessibility is most important for different areas, as well as distinguishing the most signifi-
cant type of accessibility in patent production.     

Research performed by Forslund and Johansson (Forslund, 1997) shows that improved ac-
cessibility implies an increase in production potential of individual regions. Hence, one can 
assume that investments that improve accessibility within and between regions can influ-
ence the overall economic growth in a positive way, and thereby this idea can be related to 
the theory of endogenous economic growth. In general, standard cost-benefit approaches 
assume improvements in accessibility to bring about benefits to society, without including 
the growth effects emphasized in the theories of endogenous economic growth. 

When analyzing the link between accessibility and innovation, the connection between the 
human interaction network and the transportation network becomes apparent. “The acces-
sibility concept incorporates both elements. The accessibility value itself measures the po-
tential of interaction and hence the potential of human interaction networks. The transpor-
tation networks are reflected in the same time distance used to calculate the accessibility 
value” (Andersson and Karlsson 2004, p13). These two elements thereby create a demand 
for a well-developed infrastructure. According to Johansson (1992), the connection be-
tween infrastructure and transport possibilities on the one hand and economic efficiency 
and growth on the other takes the form of a mutual stimulus rather than plain causality. 
Through investments in the infrastructure of transport systems it is possible to improve ac-
cessibility, determined through time-saving or increased flows. 

Another important factor favouring innovations is the economic milieu of a region. A 
large, central and dense region is more likely to host a university and have a higher accessi-
bility value, whereas a small, peripheral and sparse region encounters difficulties in attract-
ing relevant actors and is subject to higher costs to establish high accessibility. Due to the 
small region’s difficulties to attract relevant actors, and its dependency on external re-
sources, the interregional accessibility is likely to be of major significance (Andersson and 
Karlsson, 2004). 

3.2 The influence of R&D on knowledge production 

As has been pointed out earlier, one of the fundamental assumptions underlying this thesis 
is that there is a positive relationship between innovative activity and industry R&D and 
university research. This tendency has been confirmed in research performed by, among 
others, Jaffe (1989) and Audretsch & Feldman, MP (1996), who show that university re-
search to a large extent affects the corporate patenting activity in the US. This pattern is 
also confirmed by Varga (2000) by providing empirical evidence of universities as being 
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important actors in local innovation systems, even when compared to other locally avail-
able external knowledge sources. Moreover, he concludes that “university research and 
commercial innovation follow similar tendencies of spatial distribution, suggesting a posi-
tive relationship between academic research and local innovative activity” (ibid. p 152). 

The importance of universities in innovating activity is also emphasized by Karlsson and 
Johansson (2004), who state that research universities constitute the major provider of new 
scientific and technological knowledge. Moreover, recent studies have provided strong evi-
dence of knowledge transfers and spillover flows between universities and the industry 
(Varga 2002, Karlsson and Johansson, 2004). A positive correlation between university 
knowledge and industry R&D is also detected by Acs, Anselin and Varga (1997). They 
thereby conclude that academic knowledge will generate a high level of R&D invested by 
firms, which in turn results in a clustering effect among companies and an increased de-
mand for more extensive university research. Moreover, they provide empirical evidence 
for the US that university research as well as industry R&D generate knowledge spillovers 
within a region (Acs, Anselin and Varga, 2002). 

Hence, the role of research and development (R&D) in economic growth is unambiguously 
recognized to be positive (Co, 2002). Nonetheless, the extent to which R&D affects growth 
remains controversial. One group of endogenous growth models, mentioned in e.g. Romer 
(1990), predicts that if the amount of resources spent on research, development and inven-
tion increases, the growth in per capita income will also increase. Thereby these models 
imply that economic polices, such as subsidies for R&D, can affect long-run economic 
growth. Although long-run economic growth is dependent on exogenous factors such as 
the population growth rate, which implies that economic growth is policy invariant, growth 
still arise endogenously from activities aiming to produce knowledge. Especially during the 
transition process growth is affected by changes in R&D (Co, 2002). As for Sweden, stud-
ies of patent data performed by Andersson and Wilhelsson (2003) have shown that the es-
tablishment or expansion of university research in a region adds to the innovative activity.  



  The Importance of Human Capital and Density 

 13

4 The Importance of Human Capital and Density 

During the past few hundred years most western economies have had continuing growth in 
per capita income, a fact that is likely to be caused by the expansion of scientific and tech-
nological knowledge, which in turn increases productivity of labour as well as other pro-
duction inputs. “The systematic application of scientific knowledge to production of goods 
has greatly increased the value of education and on-the-job training as the growth of 
knowledge has become embodied in people” (Becker, 1993).   

The importance of human capital in economic growth has been much emphasized during 
the last few decades. The traditional arguments go back to Lucas (1988), who regards hu-
man capital, in the sense of knowledge, as a central factor of production. Moreover, he 
claims that human capital enables sustained growth due to its nondecreasing returns (Lucas 
1988, Badinger and Tondl, 2003). However, it is important to distinguish between ideas 
and human capital: ideas can be seen of as the world’s pool of existing knowledge, whereas 
the level of human capital can be considered an indication of how well a country is capable 
of putting ideas into practice (Neef et al. 1998). 

The importance of human capital for generation of economic growth is also emphasized by 
Romer (1990), who states that a growing population is by no means enough to ensure eco-
nomic growth. Instead he emphasizes the stock of human capital, which is one of the main 
determinants of growth according to Romer, since it is a central prerequisite for innovation 
activity. He presents a “one-sector neoclassical model with technological change, aug-
mented to give an endogenous explanation of the source of technological change”, where 
“the most interesting positive implication is that an economy with a larger stock of human 
capital will experience faster growth” (Romer, 1990 p 99). Furthermore, he explains the in-
creased output per worker ratio that has characterized the western economies during the 
last decades by a combination of technological progress and a more effective and knowl-
edge-possessive labour force.  

An economic milieu with high proportion of qualified and knowledge-intensive labour, as 
well as a more developed transportation and communication system, has altered the condi-
tions of production in mainly two ways. Firstly, it has decreased the relative prices of pro-
duction inputs, and secondly, it has increased the possibilities to produce goods that de-
mand a high degree of both knowledge and information. A higher quality of products im-
plies a higher degree of complexity and increased value, which in turn leads to augmented 
demand for flexible and intensive contacts, as well as an increased need for quick and reli-
able interaction systems (Forslund, 1997). From this reasoning it becomes obvious that the 
amount of human capital in the economy has a significant impact on the production out-
put, and thereby the conditions for economic growth. What is even more interesting, 
though, is the need for reliable interaction systems, such as an effective infrastructure. As is 
emphasized by Becker (1993), you cannot separate a person from his knowledge or skills, 
which highlights the need for smooth mobility of specialized labour. 

An analysis performed by the Institute for European Affairs (Badinger and Tondl, 2003) 
suggests that growth of European regions is positively related to the accumulation of 
physical as well as human capital. They also state that innovation activity, together with in-
ternational technology transfer, are important to generate growth. Moreover, they conclude 
that the latter factor is “facilitated if a region is well endowed with human capital”.  Their 
empirical analysis, based on a large dataset of some 130 regions for the 1990s, indicates that 
“attainment levels of higher education and patenting are clearly associated with higher 
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growth. Higher education is also an important prerequisite of lagging regions for techno-
logical catching-up” (Badinger and Tondl, 2003, p3). They thereby conclude that “human 
capital plays an important role for EU regional growth”.  Furthermore, they claim that the 
possibility of technological transfer is influenced by several factors, where the social capac-
ity of the economy constitutes one of the most important ones. This factor is “largely de-
termined by the human capital available in the economy and its own engagement in R&D, 
since knowledge and expertise make it more likely to adopt technologies from abroad”.  

When it comes to assessing the effects of technological change on demand for human capi-
tal, it is rational to distinguish between technology-skill complementarity and technology-
skill substitutability (Kim and Lee, 1999). In the former case, technological progress in-
creases the relative demand for skilled and educated workers, thereby increasing invest-
ments in human capital. However, technological change can also occur in a direction to-
wards a decrease in the requirements for education and training, as is the case of technol-
ogy-skill substitutability. However, “empirical evidence seems to support that technology-
skill complementarity, rather than substitutability, is a dominant feature” (Kim and Lee, 
1999). This tendency illustrates the increasing importance of human capital in the produc-
tion process, which has also been confirmed empirically since industries with higher rates 
of technological change generally experience increases in the demand for more educated 
and skilled workers (see e.g. Bartel and Lichtenberg (1987), Autor, Katz and Krueger 
(1997) and Bartel and Sicherman (1998)).  Furthermore, Kim and Lee (1999) show that 
higher expected rates of a technological advance increase investments in human capital and 
thereby growth rates of income and human capital in the economy. 

Thus, we can conclude that the stock of human capital engaged in the generation of new 
ideas, innovations and technologies constitutes a major factor behind regional economic 
growth. This implies that “functional regions will differ not only in terms of their produc-
tion of and access to technological knowledge but the mix of technological knowledge will 
also be different between functional regions” (Karlsson and Johansson, 2004 p 9). This is 
an important aspect to take into consideration since it becomes clear that important ele-
ments of the production of technological knowledge will tend to be regional rather than 
national (ibid.). However, the regional stock of human capital is to a large extent deter-
mined by employment densities, which thereby constitute another important factor in the 
production of new technology. Density is defined as the amount of labor, as well as human 
and physical capital, per square kilometer. According to Karlsson and Pettersson (2005), 
“density is assumed to affect productivity in several ways: (i) if there are externalities, such 
as knowledge spillovers, associated with the physical proximity of production activities and 
human capital, then density will spur innovation and productivity; (ii) areas with a high 
density of economic activities offer opportunities for a higher degree of specialization, thus 
establishing a source of increasing returns; (iii) even if technologies have constant returns 
themselves, but the transportation of products from one stage of production to the next 
involves costs that rise with distance, then the technology for the production of all goods 
within a particular geographical area will still experience increasing returns” (Karlsson and 
Pettersson, 2005, p 5). Empirically, the role of employment density has been emphasized 
by, among others, Ciccone and Hall (1996), who show that productivity increases with den-
sity. Varga (2000) provides consistent results as he concludes that the major factor behind 
local academic knowledge transfers is concentration of high technology employment. The 
importance of employment and firm density has also been emphasized by Carlino, Chatter-
jee and Hunt (2001) who claim that a high spatial concentration promotes the transmission 
of ideas. Recent research of Swedish data also shows an important link between national 
economic growth and the concentration of people and firms in large urban regions (Jo-
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hansson and Karlsson, 2004). This concentration creates an environment favourable for 
knowledge transfers, both between firms and individuals. The implication of this is thereby 
that “large, dense locations encourage knowledge diffusion and knowledge exchange, thus 
facilitating the spread of new knowledge that underlies the creation of new goods and new 
ways of producing existing goods” (Karlsson and Johansson, 2004 p9). In the case of Swe-
den, this is demonstrated by the fact that the five largest municipalities, accounting for one 
fifth of the total population, also represent 28% of Sweden’s patent applications (Gråsjö 
2004). Moreover, analysing the number of patents per capita indicates a correlation with 
population density, establishing agglomeration benefits. This analysis, performed by 
Andersson and Wilhelmsson (2004) thereby confirms that agglomeration effects are an im-
portant explanation to differences in the patenting activity between municipalities and re-
gions. This result is also consistent with Varga’s (1998) corresponding analysis of the USA. 

Thus, density constitutes an important factor in the production of new knowledge and will 
therefore be included in the empirical model outlined in 6. 
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5 Patents as a Measure of New Knowledge 

As discussed in the Introduction, it is generally accepted among economists that knowl-
edge, technology and scientific discoveries drive the process of economic growth. How-
ever, historically it has been difficult to apply empirical evidence to these theories. One 
method when assessing the above intangibles, though, is analysing patent data, which 
makes it possible to create systematic measures of these factors. Patents thereby represent 
an intermediate measure of economic activity, by being a proxy for economic output.  
 
However, it is important to keep in mind that registered patents is not a fully reliable meas-
ure since not all new innovations are patented and they do not measure the economic value 
of these technologies (Acs et al. 2002). Still, patents are good indicators of new technology 
creation and innovative output2. This is best justified by considering the knowledge pro-
duction function, which is a stochastic relationship where current R&D investment, the 
firm’s existing stock of knowledge and knowledge from other sources combine to produce 
new knowledge. Patent applications can be regarded as an indicator of the success of this 
stochastic knowledge production process. The ratio of patents to the unobservable knowl-
edge production, i.e. the propensity to patent, can then give an idea of inventions in the 
economy and the fluctuations of knowledge production over time, location, policies and 
institutions (e.g. universities). Moreover, due to extensive registers, patents cover nearly 
every field of innovation in most developed countries over long periods of time (Jaffe and 
Trajtenberg, 2002). 
 
Thus, how to measure the output of knowledge production is a matter of dispute as there 
are various methods discussed, such as R&D expenditure or literature-based innovation 
output measures (Gråsjö 2004). In this thesis, however, patent data will be used as an indi-
cator of innovation and technology creation as patents constitute a reliable data source. 
Moreover, patents are widely considered a useful innovation indicator despite the fact that 
they do not measure the economic value of the technologies (see e.g. Gråsjö 2004 and Hall 
et al. 2001). It is important to emphasize, however, that patents cannot be seen as a measure 
of new knowledge; however, we can quite reasonably make the assumption that patents can 
be used as an indicator of the production of new knowledge. This is due to the fact that not 
all new knowledge produced is patented; yet a significant change of the pace at which new 
patents are registered might reflect or indicate a variation of the knowledge production. 
This variation, in turn, might be explained by changes in the economic milieu, affecting the 
factors that are believed to influence the knowledge production. These factors are dis-
cussed in the succeeding sections. 
 
Hence, patents constitute a very rich source of data when analysing innovation and techni-
cal change. Patents are registered roughly in proportion to investments in R&D, and ac-
cording to Jaffe and Trajtenberg (2002) it does not take much to get a patent once the firm 
has an established R&D facility. Moreover, a larger number of patents would most proba-
bly indicate that much research efforts have been invested in R&D. Thereby a pure patent 
count can be regarded as a more polished input measure than R&D input since it incorpo-
rates part of the differences in effort and nets out the influence of luck in the first stage of 
the innovative process. Using patents when empirically measuring advances in technology 

                                                 

2 Empirical evidence provided by among others Acs et al (2002) indicate that patent data provide a fairly reli-
able measure of innovative activity. 
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offer many advantages over alternative data sources. Firstly, patent data can easily be ob-
tained from the very beginning of a product class whereas conventional industry data usu-
ally starts when the product class is well established. Thereby patents allow studying the 
emergence of new products, i.e. the period when most of the important innovations occur. 
Secondly, patent data are more complex and have a wider coverage than analysing for in-
stance R&D expenditures (Jaffe and Trajtenberg, 2002).  

Patents also constitute a useful source of information when it comes to localizing knowl-
edge production and knowledge spillovers, due to the fact that they contain detailed geo-
graphic information about the inventors. Thereby patents can be used to analyze and map 
out knowledge flows, and thereby test whether the production of knowledge is concen-
trated (Jaffe et al. 2002). This kind of analysis was performed by Jaffe, Trajtenberg and 
Henderson (1993), in which they studied to what extent citations to patents, to both uni-
versities and corporations, were spatial phenomena between 1972 and 1980 in the US. 
They concluded that “citations to patents were more likely to come from the same region 
as the patents to which the citations were made” (Andersson and Karlsson, 2004 p9), 
thereby providing convincing evidence for the existence of knowledge spillovers as well as 
their spatial localization.   

Empirical studies show that research activities to a large extent explain a high growth per-
formance of rich countries or regions (Badinger and Tondl, 2003). Investments in research 
and development are an important source of high growth in rich EU countries, as has been 
shown by De la Fuente (1998). Moreover, a positive relation between the number of patent 
applications of a country and growth has been verified (Fagerberg 1987). This result has 
been reinforced by Paci and Pigliaru (2001), who detected a significant correlation between 
patent applications of European regions and productivity growth. These findings empha-
size the importance of research activity and innovations, implying a clear connection to 
patenting activity (Badinger and Tondl, 2003).  

To conclude, patent data offers a relatively suitable source of information, nonetheless it is 
important to bear in mind that it is not utterly reliable. This is mainly due to the facts that 
not all inventions are patented and that patents do not reflect the economic significance of 
the invention.  
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6 Empirical Analysis 

6.1 Model outline 

The study of technological change has long been hampered by the lack of data as empirical 
evidence of innovation. But having established that patent data represents an appropriate 
proxy or indicator of innovation and inventive activity, patents are used in this thesis to 
represent the amount of new knowledge produced, assuming that the output of the knowl-
edge production can be measured by the number patent applications in Swedish munici-
palities from 1994 to 1999. The patent data is collected from the European Patent Office, 
and due to the costs involved in the application process, we can quite reasonably make the 
assumption that the patented products represent ideas of substantial economic significance. 
In order to distinguish the economically significant new patents the public sector has been 
excluded from the empirical analysis. An underlying assumption behind this action is that 
the public sector does not favour economic growth and knowledge production to a larger 
extent, which implies that patenting activity is assumed to be non-present in this sector. 
 
By analyzing empirical data we can estimate the impact of the independent variables, ex-
pected to affect patenting activity, on the production of new knowledge. The main inde-
pendent variables used in the regression analysis are on the one hand human capital and on 
the other hand investments devoted to research and development by universities and com-
panies, respectively. As described in the purpose, the objective of this thesis is to analyze to 
what extent human capital may affect the production of new knowledge. According to the 
basic hypothesis of the thesis, human capital is one of the main determinants of the knowl-
edge production process. The variable chosen to reflect human capital is the number of 
employed with higher education3. In order to account for the importance of proximity as 
well as time-distances, the regressors representing R&D are expressed as accessibilities to 
university and company R&D. The total accessibility is then decomposed into local, intra-
regional and inter-regional accessibility to R&D to enable a distinction of the most signifi-
cant category of accessibility. Another assumption is that the strength of the spillover ef-
fects generated by university and industry R&D, respectively, depend on proximity and ac-
cessibility.  
 
A basic assumption of this thesis is that knowledge flows, and thereby patenting activities, 
originate from accessibility to human capital, while other factors, i.e. accessibility to indus-
try R&D and university research along with employment density, are believed to have a 
significant impact as well. The variable representing density is calculated by dividing the to-
tal employment of the municipality with the geographical area of the urbanized area of the 
municipality. However, due to the lack of data concerning employment in the urbanized 
area, it is assumed that the total employment is concentrated to the urbanized area of the 
municipality, which implies that the variable representing density will be somewhat over-
emphasized. Nevertheless, while density constitute an important factor for localization de-
cisions, accessibility to R&D is likely to be the most significant factor when generating new 
knowledge (Acs et al. 2002). Among the regressors a dummy variable is included as well, 
indicating if a municipality has a population larger than 100,000. The objective is to capture 
the expected positive influence on innovation performance that a larger urbanized area may 

                                                 

3 Defined as at least three years of university studies  
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have, due to agglomeration effects. However, these affects are incorporated in the variables 
representing employment density and accessibility as well and the dummy variable may 
therefore be omitted without altering the result significantly.       
 
The model specified below is a cross-section model  although “it is well known that cross-
section regressions suffer from an omitted variable bias as they do not take duly into ac-
count differences in individual production functions” (Badinger and Tondl, 2003 p20).  
However, limited data availability for the specific set of factors used in this analysis does 
not allow a panel approach or a time-series analysis. 

Having established that patent data constitutes a suitable proxy for innovation perform-
ance, a model explaining patenting activity as a function of certain explanatory variables 
can be set up. The initial form of the model includes the variables specified below. The 
sample consists of 2884 Swedish municipalities and the equation, which at this theoretical 
stage, is subject to estimation takes the following form: 
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where 

α  = constant 

 PATi  = number of patents as an average in municipality i (1994-1999) 

HCi   = numbers of employed with higher education (>3 yrs) in municipality i, excluding 
the public sector (2001) 

IAMi  = local accessibility to industry R&D in municipality i (average 1993-1999) 

IARi  = intra-regional industry accessibility, i.e. municipality i’s accessibility to industry 
R&Di from the region in which it is located (average 1993-1999) 

IAOi  = inter-regional industry accessibility; i.e. municipality i’s accessibility to industry 
R&Di from outside the region (average 1993-1999) 

UAMi  = local accessibility to university R&D in municipality i (average. 1993-1999) 

UARi  = intra-regional university accessibility; i.e. municipality i’s accessibility to university 
R&D from the region in which it is located (average 1993-1999) 

UAOi  = inter-regional university accessibility; i.e. municipality i’s accessibility to university 
R&D from outside the region (average 1993-1999) 

DENi  = density of employment in the municipalities’ urbanized area (1999) 

D1i  = dummy variable of value 1 if municipality i has a population larger than 100,000 

                                                 

4 There are 290 municipalities in Sweden (2005); in the sample, however, 288 municipalities are included since 
some of the sample data is collected from years before 1999 (when Nykvarn formed an own municipality). 
Knivsta became an own municipality in 2003 and is therefore not included for the same reason.  
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ε i = stochastic error term, supposed to have a normal distribution. The impact of other 
variables than the ones mentioned above on the production of patents will be captured by 
the error term.  
 

6.2 Discussion of data 

The proposed model is expected to confirm the main findings discussed in the theoretical 
part of the thesis; that is, that the explanatory variables specified above have a positive ef-
fect on innovation performance, expressed as patents. As the theory suggests, larger mu-
nicipalities are expected to exhibit a larger patenting rate than smaller ones. Moreover, hu-
man capital and accessibility to R&D are supposed to have the largest impact on the patent 
production. By observing the correlation matrix depicted in the Appendix, it is apparent 
that human capital is the variable affecting patent production the most (0,980), closely fol-
lowed by accessibility to industry R&D within the municipality (0,916). Accessibility to uni-
versity research within the municipality has a relatively large impact on the regressand as 
well (0,743). Hence this result corresponds very well with the theoretical conclusions from 
previous sections. When comparing the three accessibility categories (local, intra-regional 
and inter-regional), it is apparent that local accessibility has a substantially higher signifi-
cance than inter-regional and intra-regional accessibility, respectively. This holds for acces-
sibility to both industry and university R&D. This may be explained by pure proximity; that 
is, the advantages associated with local access to research, of both local universities as well 
as nearby firms. However, it is important to notice that some of the accessibility variables 
correlate relatively strongly with each other and the result should therefore be interpreted 
with caution. Again it is worth emphasizing the strikingly high correlation of the variable 
representing human capital, which well justifies the main hypothesis of the thesis; that is, 
that the innovating activity of a municipality is strongly affected by its accessibility to hu-
man capital. This is also confirmed by the crosstabulation displayed below. 
 

Table 6-1: Crosstabulation  

Crosstabulation for patent production and human capital

Count

67 22 3 92

27 56 16 99

1 20 76 97

95 98 95 288

Low

Medium

High

PATENTS

Total

Low Medium High

HC; employed with education

Total

 
N=288  χ 2 = 191,601  Sig.0.000   df=4 
 
In accordance with the findings in the theoretical part of the thesis it is rational to expect a 
higher rate of registered patents in metropolitan municipalities, mainly due to clustering ef-
fects, employment density and local accessibility to R&D. This pattern is confirmed when 
ranking the municipalities in terms of their innovation performance, measured through 
patents, where the two largest Swedish cities have a significantly higher value of patents. 
Moreover, one could reasonably expect that municipalities hosting research universities are 
more likely to present a higher value of registered patents. This expectation also turns out 
to be correct, as the main Swedish research universities rank among the top ten patent pro-
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ducing municipalities (Stockholm, Göteborg, Uppsala and Lund). Finally, municipalities 
hosting larger companies with considerable corporate R&D activity also rank among the 
top ten of the list (Västerås, Södertälje, Sandviken, Solna and Järfälla). This ranking pro-
vides a first indication of the importance of local accessibility to R&D (private as well as 
public), employment density and/or clustering advantages. 
 

Table 6-2: Rank of municipalities in terms of patenting performance 

Rank Municipality Patent average 1994-1999 Percentage  share  

of patent average 

1 Stockholm 838,67 28,05 
2 Göteborg 272,5 9,11 
3 Västerås 136,5 4,57 
4 Södertälje 112,17 3,75 
5 Uppsala 102,5 3,43 
6 Lund 100,33 3,36 
7 Sandviken 80,5 2,69 
8 Solna 61 2,04 
9 Järfälla 55,5 1,86 
10 Malmö 55 1,84 
 
   

6.3 Regression analysis 

Having established the main determinants of patenting activity, the next step aims at find-
ing the relative importance of the independent variables expected to affect innovation per-
formance by estimating the linear OLS regression model displayed in the previous section. 
The results from the analysis are presented in the table below. However, it is important to 
keep in mind that multicollinearity is likely to arise as the explanatory variables may corre-
late with each other. This is confirmed by the correlation matrix, where specifically human 
capital and local accessibility exhibit a remarkable high degree of reciprocal correlation. 
This may be explained by the fact that a significant part of the stock of human capital 
within a municipality is engaged in local R&D activity, both public and private; i.e. that 
employees with higher education to a large extent operate in innovating activity on a local 
basis. 

From this matrix it is also evident that the variables expressing accessibilities within the 
same geographical area correlate strongly with each other; i.e. local accessibility to public 
and private R&D correlate, which is also the case of inter-regional as well as intra-regional 
accessibilities.  

As a first step a regression analysis is performed of the basic model outlined in the previous 
section where all regressors are included, despite the suspicion of multicollinearity. Al-
though this initial form is expected to be altered, it still provides a useful general view of 
the variables expected to influence innovation performance:  
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Table 6-3: Regression results. Dependent variable = patent 
 

Variables REG (1) REG (2) REG (3) REG (4) 

Constant 
 

2,924 

(2,203) 

-3,646 

(-1,402) 

1,161 

(1,822) 

-1,033 

(-0,068) 

Human capital 
 

0,831** 

(29,424) 

 

- 

0,995 

(74,059)** 

 

- 

Accessibility to university R&D 
within the municipality 
 

-0,046* 

(-2,407) 

0,153 

(4,578)** 

 

- 

0,400 

(9,432)** 

Accessibility to university R&D 
within the region 
 

-0,160** 

(-4,558) 

 

- 

 

- 

 

- 

Accessibility to university R&D 
from outside the region 
 

0,027 

(1,387) 

 

- 

 

- 

 

- 

Accessibility to industry R&D 
within the municipality 
 

0,228** 

(8,216) 

0,775 

(22,844)** 

 

- 

0,466 

(11,066)** 

Accessibility to industry R&D 
within the region 
 

0,148** 

(4,176) 

 

- 

 

- 

 

- 

Accessibility to industry R&D 
from outside the region 
 

-0,005 

(-0,293) 

 

- 

 

- 

 

- 

Density 
 

-0,026 

(-1,847) 

0,560 

(2,074)* 

 

- 

0,112 

(3,023)** 

Dummy: Large pop (>100 000) 
 

-0,020 

(-1,557) 

0,23 

(0,838) 

0,029 

(2,192)* 

 

- 

Adjusted R2 0,969 0,853 0,961 0,669 

Number of observations 
 

288 288 288 285 

Standardized beta coefficients displayed over t-values within parentheses. (The standardized, rather  
than unstandardized betacoefficients, are used since the regressors are measured on different scales). 
** Denotes that the variable is significant on the 0.01 level. 
* Denotes that the variable is significant on the 0.05 level. 
 
As expected, the first regression, REG 1, does not present an overall high degree of signifi-
cance. Moreover, it provides an indication of the expected multicollinearity as local and in-
ter-regional accessibility to university R&D exhibit negative impacts on patenting perform-
ance; which is also the case of inter-regional accessibility to industrial R&D, density and the 
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dummy variable. Nevertheless, the model confirms the discussed significance of human 
capital, as well as local accessibility to industry R&D, which well corresponds to the find-
ings based on the correlation matrix.  It is also worth noting that the model presents a re-
markably high goodness of fit, as the adjusted R2 value amounts to 0,969 which implies that 
the explanatory variables seize a significant part of the variation in patent performance. 
 
With the objective to reduce the problem of multicollinearity, models 2 and 3 are set up. In 
REG 2 the variables representing local accessibility, both public and private, are included 
together with density. These variables are chosen due to their high correlation value with 
the regressand as seen in the correlation matrix. However, the variable representing human 
capital is excluded due to the conceivable presence of multicollinearity with local accessi-
bilities, since they exhibit remarkably high reciprocal correlation as depicted in the correla-
tion matrix. Moreover, excluding the variables representing inter and intra regional accessi-
bilities seems to be a justified action due to their low correlation values with the regressand. 
The results, depicted in the table above, yields a relatively high R2 value of 0,853. Further-
more, the explanatory variables present the expected sign; that is, they all have a positive 
impact on patenting performance, with the exception of the dummy variable. However, it 
is rational to believe that this results from a correlation with the density variable. REG 3, 
on the other hand, includes the human capital variable and the dummy variable represent-
ing large cities. None of the accessibility variables are included due to their apparent corre-
lation with human capital (local accessibility) and the fact that none of the other accessibil-
ity measures become significant. The dummy variable is included as a control variable and 
turns out significant and positive; most likely due to the absence of the density variable. 
These both regressions propose that the variables most influential in patenting perform-
ance are human capital, which is outstanding concerning patenting influence, and local ac-
cessibilities, to both industry and university R&D. In particular, accessibility to industry 
R&D exhibits a significant influence on innovation performance among the Swedish mu-
nicipalities.  

To adjust for the remarkably high value of patents presented by Stockholm, Göteborg and 
Västerås, as seen in table 6-1, these cities have been excluded in REG 4 as they are likely to 
provide misleading results due to their outlier- characteristics. When this exclusion is made, 
both local accessibilities, i.e. to university and corporate R&D, become significant and dis-
play a positive impact on patenting performance. However, the influence of local accessi-
bility to industry R&D decreases significantly (from 0,775 to 0,446), which is an expected 
result considering the fact that many of Sweden’s largest and innovation investing private 
firms are located in those cities. The influence of accessibility to university research, on the 
other hand, has increased considerably (from 0,153 to 0,400) which also in expected result 
due to the same reason. Another explanation to this phenomenon is likely to be the de-
creased significance of density (from 0,560 to 0,112). Human capital still remains significant 
and positive, although its effect on the patenting performance decreases from 0,995 to 
0,882. This model, however, is only intended to constitute a basis of discussion, showing 
the vast significance of the mentioned cities and the effect of outliers in the data material.  
It should also be pointed out that the goodness of fit has decreased significantly, from 
0,853 to 0,669.  

As regards the data material, it should be pointed out that the variables are not expressed as 
logarithms. This is deliberately the case, despite the benefits of variables expressed as elas-
ticities. The simple reason behind this action is that many municipalities present a value of 
0; both regarding accessibility (mainly to local university R&D) and average patent data. 
This implies that many municipalities are excluded from the analysis, which decreases the 
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number of observations included in the analysis drastically. This in turn makes the result 
less reliable. Moreover, the data used in the empirical analysis is collected over a time span 
of a few years, which hypothetically might have an impact on the regression results. How-
ever, as changes of the regressors are expected not to vary substantially from one year to 
another this should not be considered a reason for concern.   
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7 Conclusion  

The significance of knowledge and innovation on economic growth has been widely em-
phasized by economists during the last decades. However, the effect of the stock of human 
capital on an economy’s innovation performance has not been subject to equal attention.  

The purpose of this thesis was to analyze the importance of human capital for generation 
of economic growth through its effect on knowledge production in the innovation process, 
by assessing data of the Swedish municipalities. A fundamental presupposition was that 
patent data constitutes a relatively reliable indicator of innovation performance, as has been 
established by previous research. However, as a first step the nature and the importance of 
knowledge were assessed; where knowledge was determined a fundamental precondition of 
innovation and technological change, which in turn is the main generator of long run eco-
nomic growth. An important aspect to be pointed out, however, is the importance of an in-
tegrated set of information and communication, which has been much facilitated during 
the last century’s transformation of communication technologies. Nevertheless, the impor-
tance of face-to-face contacts when transmitting specifically tacit knowledge has been em-
phasized in the thesis and a variable representing accessibility was therefore included in the 
empirical analysis assessing innovation performance. Furthermore, human capital and ac-
cessibility to public and private R&D, together with employment density, were identified as 
important factors of innovation performance. In this aspect the functional region play an 
important role in the knowledge production process as accessibility to R&D, human capital 
and agglomeration effects are main determinants of industry localization patterns. These 
factors are concentrated to the functional region as they are distinguished by its infrastruc-
ture and high factor mobility, which in turn facilitates the knowledge production process.      

In order to assess the relative importance of the variables supposed to affect the innovation 
performance, measured through patent production, a regression analysis was performed 
where accessibility to research and development by private firms and universities respec-
tively, access to an educated labour force, employment density and size of the municipality 
were assumed to affect the patent production. The analysis well confirmed the main hy-
pothesis of the thesis; i.e. that human capital is a main determinant of innovation perform-
ance. Moreover, local accessibility to R&D was also found to have a significant impact on 
patent production, where particularly accessibility to industry R&D turned out to be of ma-
jor importance as shown by its dominance over local accessibility to university research. It 
may thereby be established that local accessibility well dominates over both inter and intra 
regional accessibility, which is fully in line with the theoretical conclusions concerning ac-
cessibility measures. Employment density was also found to have a positive impact on in-
novation performance. However, it should be emphasized that the conclusions of the re-
gression analyses are very influenced by the cities presenting the highest patenting value, 
which implies that the presence of these cities alter the results somewhat. Nevertheless, the 
main findings recently discussed still remain the same.  

The focus of this thesis has been concentrated to the regional level; however the findings 
discussed above can be applied on a larger scale as the accessibility to R&D and other 
forms of information has increased due to advanced communication technologies. This, 
however, is left as an area of future research. Moreover, it has been argued that knowledge 
intense production is likely to increase patenting activity, but to what extent yet remains un-
explored. This is left as another suggestion for future research. 
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Appendix  
 
 

Descriptive Statistics

288 13 97681 1108,17 6226,803

288 ,00 838,67 10,3808 53,83168

288 ,00 3012,26 52,5254 320,82356

288 ,00 1990,38 114,9097 300,98408

288 ,00 1022,65 96,4920 164,14587

288 ,00 643,80 8,3385 46,33785

288 ,00 383,32 19,4739 50,91126

288 ,00 168,15 13,8888 19,33645
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Patent average
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Correlations
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,000 ,000 ,000 ,783 ,040 ,000 ,722 ,016 ,000

288 288 288 288 288 288 288 288 288 288

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation
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N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation
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N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation
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N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation
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N

Patent average
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Accessbility to universtiy
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Correlation is significant at the 0.01 level (2-tailed).**. 

Correlation is significant at the 0.05 level (2-tailed).*. 


