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Abstract 

The Swedish population is rapidly increasing in educational level in the past two 

decades and educational level has long been a topic of interest for labor productivity. 

This increase in educational level brings up an interesting discussion of whether the 

remoteness of a university helps create productivity and if so by how much. This is a 

study that will try and explain the impact on regional productivity by having a 

university closer, using the distance to the closest university of each municipality in 

Sweden, and depending on what quality this university possess. Using simple OLS 

regressions results have shown some reasons for increased productivity, either positive 

or negative, while distance showed to not matter for regional productivity at all. This 

field is somewhat untouched, and with further research and by including other 

geographical economic theories, it could become an interesting study.  
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 Introduction 

We live in a country where education is becoming a necessity for almost every industry or 

business situation and the need for everyone to be able to follow an environment which 

constantly presents new technology and research is increasing. Employers need a guarantee 

that you are able to constantly stay up-to-date with modern times. As the world is evolving 

into this more advanced new environment, having the latest and most modern education is 

becoming vital to adapt to these new types of industries in order to not fall behind in 

economic growth.  

The importance of higher education for increasing economic growth and development has 

long been acknowledged as a tool for creating new companies and industries that leads to 

large economic effects (Hanushek & Woessman, 2010). Universities are widely seen as to 

help with the process of increased growth and productivity. There is a large amount of 

literature which has long sought to find the relationship between the potential of spillovers 

from knowledge and clustering by using the examples such as “Silicon Valley” (Brakman et 

al., 2009). Previous research tried explaining the knowledge-spillover with the help of the 

decentralization policy of higher education in Sweden. Andersson, Quigley and Wilhelmsson 

(2004, 2009) analyzed economic impact on productivity from the university-based 

investments and tried to provide evidence of these effects, and by obtaining knowledge and 

understanding regarding the influence of a university, it can be utilized in the best possible 

way for an increased regional growth.  

1.1 Purpose 

From the fact that universities are supposedly helping in creating more efficient human capital 

and knowledge spillover. My ambition is to study how a potential increase in regional output 

per worker can be affected by an increasing distance to a university. Therefore, the purpose of 

this study is to examine if distance to universities is important in the context of increased 

regional output per worker. To find this potential relationship, I will conduct my research 

using a quantitative method with cross-sectional data as main approach. The distance will be 

weighted based on qualitative measurements to try and explain if and to what extent the 

education from the specific university influence the effect of spillover and human capital 

which will also be my main theoretical framework for this research. 
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Current literature explains in many ways how spillover effects from increased knowledge and 

learning capacity in human capital can benefit the economy and the industries but there is 

barely any explanation to how much distance plays a role for the effects of spillover. With 

knowledge being one of the major factors of spillover (Brakman et al., 2009) I will try and 

address this with testing for increased productivity with distance from the municipality to the 

closest university. With Sweden having such a large educational level combined with the low 

population density of 22 inhabitants per square kilometer, it provides a good base for showing 

the significance of distance to an institution of higher educational level. 

1.2 Disposition 

The remainder of the paper is structured as follow. In section 2 of the paper the theoretical 

framework and the previous research in regards of clustering, the importance of universities, 

human capital and externality effects will be presented and discussed. In section 3 the 

hypothesis will be stated. Section 4 is where method, data and explanatory variables will be 

described and the functional form that will be used for throughout the paper will be stated. In 

section 5 the empirical results from the regression will be analyzed and discussed. Section 6 

provides a conclusion to the paper. 

 Theoretical framework 

When considering how much the economic impact of a higher level of education matters one 

must first discuss the different ways a university can potentially contribute to the economic 

development of the various municipalities. This section is intended to describe and give a 

basic background to the main theories and previous research for regional economics that is 

relevant to this paper. 

2.1 Clustering 

Porter (1990) describes clustering as when interconnected companies and institutions that 

produce similar products or provide services that are equivalent to on another are 

geographically concentrated. Typically, clustering includes companies of the same industries 

or suppliers from the same distribution network. These economic clusters have been a driving 

force in the growth of regional economics with examples such as the computer chip 

production in California’s Silicon Valley or the aircraft manufacturing in Orland Melbourne 

(Brakman et al., 2009). The most famous research on clustering was created by Michael 
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Porter where he statistically group businesses together in clusters. Porter helped communities 

to analyze their current industrial situation and build up their economy from its strengths 

(Porter, 1990). Having a competitor close sparks the need for innovation, and clustering help 

the city with recruitment and how to direct their economic development as it encourages the 

community to focus on the development of a specific industry. 

Argued for by Michael Porters (1990) in his research, clusters have the possibility to affects 

competitions in three different ways: it can increase the productivity of the companies located 

within the clusters, it can drive innovation with the help of knowledge spillover from human 

capital and it helps stimulating new businesses in the field. By clustering together, companies 

can benefit from each other’s pool of expertise and workers. They may also be able to benefit 

from having a supplier closer that can provide components, services for support or material. 

Together, these industries or supply chains may be able to evolve the current product or 

production to increase specialization in the industry. 

When considering recruiting efforts, clustering can help cities with direct economic 

development by attracting a labor force specific to that cluster of industries. Having the same 

type of industries around is one of the best ways to direct the economic development, and 

increase innovation from having this expertise of labor focusing all their efforts into evolving 

one industry (Harvey and Porter, 1988). It is also known for modern clusters to gather around 

universities to benefit from the knowledge and research that is produced from the university. 

One case of this is the famous case of Silicon Valley which is located near Stanford 

University (Paytas et al., 2004). 

Locating near competitors can be beneficial for smaller and growing industries as this may 

spur innovation and thus faster growth. Labor members in the cluster may discuss different 

products with each other, and companies have better access to a specialized labor pool. When 

switching labor, the knowledge from one company to another will also follow since it is hard 

to control this from spreading. 

2.2 Educational Institutions and Human Capital 

Sweden has seen an increased level of education in the population in the last couple of years, 

in 1990 it was at 11 percent of the population that have an education above 3 years in the 

university and now this number has risen to as much as 26 percent of all its population having 

a higher education (SCB, 2014). More people have a higher university education than people 
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having not graduated at any level today, as in 1990 it was 33 percent who did not have an 

education with only 11 percent who had one (SCB, 2014). 

Human capital is known as a measure of economic value of the skill set with an employee. It 

is a collection of all the talent, skills, judgment and knowledge in individuals in the 

population. This type of theory recognizes that all labor is not equal and have different 

possibilities. Thus, investing in labor, such as educating, may increase the economic value 

from a specific person to the employers, and the economy (Becker, 1975). The idea of 

investing in human capital through training and education was started by Theodore Schultz 

(1961) who claimed that a large of the difference in earnings was reflecting mainly the 

difference in education and health. He meant that education was not only something to 

consume, but also an investment that in the end will give back to both the society and the 

person. 

According to the human capital theory, worker who have acquired higher levels of human 

capital, with the help of education, are known to be more productive. Human capital is argued 

for being one of the more needed resources for development of innovation and gaining a 

competitive advantage (Millán et al., 2013). Weick (1996) found that knowledge which have 

previously been acquired will help with intellectual performance. This knowledge will then 

help with integrating innovation and accumulating new knowledge to help adapting in 

different situations. 

Human capital gained from education can also be a way of signaling productivity and the 

competence of the labor in the market where complete information is not available (Spence, 

1973). This may lead to that the person may seem more credible and may acquire more wage 

from an employer, or a better price from services (Spence, 1973) 

The biggest part of education is the value of human capital. Valera and Van Reenen (2016) 

started testing the economic impact of universities around the globe where they focused on 

the accelerated university expansion and then started looking at the trend of higher education 

being essential for economic and social progress. One of the first evidence of the impact from 

higher education is that the wages for higher educated people tends to be higher than for the 

non-graduates, as the education is an insurance that the graduate is willing to work hard for 

the employer compared to a non-graduate. Innovation is an obvious point to make, as has 

been seen in the clusters such as Silicon Valley, where the spillover of knowledge provides a 
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boost to innovation in both new products and processes (Brakman et al., 2009). Education can 

also help with transmission of understanding new information and how to successfully 

implement new technology which in itself promotes growth (Hanushek & Woessmann, 2010).  

It can also make a difference in developing institutions where knowledge helps with 

democratic dialogue where findings have been seen that over a longer time frame the presence 

of a university is associated with a pro-democracy view. This effect is not only concentrated 

to students but has a kind of spillover effect in the surrounding area (Valera & Van Reenen, 

2016). A university also boost in the way that they are big purchasers of local goods and 

services which is a big factor for the growth in a region. People also tend to move closer to 

where a university is located and thus the consumption of housing, food and services is 

increased, so an effect of population growth boosting economic growth from having a 

university in the area is present (SCB, 2010).   

One of the issues with existing research that is that it ignores the difference in quality of 

education and focuses on the current expansion of universities. This can become an issue in 

the fact that it distorts the outcome of economic growth depending on how well the specific 

education performs and the amount of years spent in school. This is the usual measurement 

for increased growth from education, which can vary quite significantly when considering that 

all education is not equivalent. This is argued by Hanushek and Woessmann (2010) in their 

paper Education and Economic Growth. They also argued for a measurement error in growth 

analysis when not considering factors from outside of school, social factors such as family, 

history and geographical location. In the end, most results shows that the presence of a 

university display some effect on the economic growth level. 

2.3 Externalities and Spillover effects 

Most of the variables in this paper will be based upon the theories of Marshall-Arrow-Romer 

externalities, the Jacob externalities and the Porter externalities. All of these three theories are 

based upon economies of scale, and the fact that an increase of industry-wide output gives a 

downward sloping average cost curve. They deal with the technological part of externalities 

where the productivity increases, innovation and other improvements in one firm will also 

increase the productivity of another firm without having to compensate one another (Glaeser 

et al., 1992). 
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The first, MAR externalities, is based upon the spillovers of knowledge in between firms in 

the same industry. It claims that concentration of firms in the same type of industry will help 

with spillover of knowledge in between firms and this will increase the growth of the industry 

as well as the economic growth in that city. Silicon Valley, which has been mentioned before, 

is a known example of this and is often used as an argument for this theory. Being close to the 

same type of industries means that the other firms are able to spy, imitate and also have a 

great labor mobility in between firms, and when the labor changes firm, the ideas will follow. 

(Glaeser et al., 1992) 

Porter on the other hand argues for local competition where MAR argues for local monopoly, 

but other than that he is in line with the argument of MAR that specialization and 

geographical concentration of an industry stimulates growth. Jacobs theories that the 

knowledge that is being transferred does not come from the same industry, but instead from 

complementary businesses as the ideas from one industry is not specific and can be adapted to 

another. Diversification in the local production structure is what he argued for being the main 

reason for growth when considering knowledge transfers amongst firms. (Van der Panne, 

2004). As Van der Panne (2004) explains in his report Agglomeration externalities: Marshall 

versus Jacobs, several studies show evidence of both specialization and diversification 

inducing growth, but the main part of all of them is the knowledge being the main factor for 

spillover. 

 Hypothesis 

I will state 4 hypothesis, each which will confront a different part of why a university may 

affect the area in which it resides. In previous studies, such as the one made by Goldstein and 

Drucker (2006), the economic impact on the location of a university has been shown to have 

an effect of increasing growth of production. On the spatial effect it may be that smaller 

regions have a larger effect where the university act as a medium for spillover and research, as 

well as producing human capital. The spillover generated by the presence of a university may 

not be specific to an area around the university, as the increased knowledge in production may 

spread across other regions as well. The reason for this may be that not everyone stays at one 

point their whole life as social factors matters for location as well. Research has so far been 

united in the fact that the presence of an educational institution increases regional growth 

which is where my first hypothesis originates from.  
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H1: The presence of a university has a positive effect on regional economic growth 

When looking at the effect of the distance and the spillover presented within the proximity of 

a university, the quality of the research will play a part in how much the research can be 

utilized and how well the knowledge can be distributed. Considering research and human 

capital may increase the productivity, a university with more research will then have a larger 

effect on the regional growth when considering the distance. 

H2: Research plays a large role for how much distance between a region and a university 

affect regional economic growth 

Having teachers available for students on both advanced and graduate level will have an 

impact on the quality of the education, and the quality of the education will help student 

understand the research and information given. The amount of personnel on the university 

will help with increased amount of research which can then spillover to industries around it. 

This may then have an impact on the development of the industry thus affecting regional 

growth. This value is also used when The World University Ranking (2016) conducted their 

rankings of universities worldwide. 

H3: The amount of teachers available for students in a university have an impact on how 

much distance to a university affects the regional economic growth 

Having a large amount of graduates will increase the overall level of understanding within the 

industry and region, as the research and development will increase with the educational level. 

Human capital is one of the biggest reasons for education and a larger amount of graduates 

will increase the amount of human capital available from that area. Thus having a larger pool 

of graduates available will increase the overall knowledge and understanding of information 

given, which will in turn create a spillover-effect where information spreads faster. 

H4: The higher amount of graduates a school have will affect how much distance matters for 

regional economic growth 

 Method, data and functional form 

The main purpose for this study is to try and estimate if the distance to a university has an 

effect on the municipality production level. This is based on the theory of human capital, 

where an individual located closer to a university is said to be more productive than his or her 
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twin located distant from a university (Rudd, 2000). In order to do this I will try and separate 

the different functions in a university as much as it is possible while controlling for other 

factors that may influence the regions levels of productivity. An attempt to isolate the 

variables that usually are established from human capital and knowledge which are created 

from a university in order to help economic progress. It will be an attempt to isolate the parts 

that affect the human spillover effect in an economy. I will try and find variables that are 

essential for the well-being of a region and further expansion of the economy and also help 

spillover. 

The method will be quantitative and as the thesis will be presented on a municipality level it 

will contain all the 290 municipalities to have a sample size large enough to minimize the 

margin of error. The data upon the municipalities are found at large from Statistics Sweden, 

which is the statistical central for Swedish data, but some will also come from the Swedish 

Research Council. This is a government agency in Sweden that has the responsibility for basic 

scientific research, and the other variables come from Kolada which is the database for 

municipality activity in Sweden. This is because they are credible and have the largest data-

output available to the public. 

For the analysis I will be using Ordinary Least Squares (OLS) in the statistical program SPSS 

as this gives a simple overview of the result that are clear and understandable. A Least squares 

regression produces a solution which is easy to interpret. In the first step the dependent 

variables correlation with the independent will be tested, then I will test for testing the 

Pearson correlation for linear dependence in between the different variables. 

The data which will be used is from the year of 2013, as this was the only year available for 

me at this point thus the data used will be Cross-sectional which implies that the data 

analyzed will be collected from a subset in a specific point of time, which here is 2013. With 

a cross-sectional study it is possible to compare different population groups at a specific point 

in time and findings are drawn from whatever may fit the frame, and the fact that one can 

compare many different variables at the same time is one of the strengths of a cross-sectional 

study with no additional cost.  

The problem with doing a cross-sectional study is that it may not provide information 

regarding cause-and-effect relationships as there is no definition of what happened before or 

after the test. If one instead would consider using a longitudinal study, which is a research 
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conducted on the same subject over a longer period of time, one would instead be able to 

detect developments and changes in the target population at all levels. In my case the reason 

for using Cross-sectional data is mainly as extended data is unavailable for me to acquire in 

this specific field and that the longitudinal study is more time consuming. The data I have 

used is mostly based upon the variables that previous studies have used, with reservation to 

availability for me. 

In a study such as this multicollinearity is very likely to be present, as was argued by Guisan 

and Neira (2008) in their research Direct and Indirect Effects of Human Capital on World 

Development. Multicollinearity is when independent variables may be correlated to one 

another, and this may become an issue as many of the variables may interact with one another 

instead of just the dependent variable. Even though it may the case that they are somewhat 

related, it cannot be ignored and will thus be tested for by using Variance Inflating Factor 

(VIF). After testing for the Variance Inflation Factor and if some variables show 

multicollinearity it will be remedied by removing the specific variables that disturbs the 

regression. If multiple are showing multicollinearity one have to use careful consideration of 

what variable to remove. 

Shown in Table 1 is the different variable that will be used in the regression. The Bibliometric 

Index, Personnel and Graduates will be used as a weight for quality which impacts distance to 

the university with the use of these equations: 

• ( 1
Distance

)*Bibliometric index 

• ( 1
Distance

)*Teachers and Scientist 

• ( 1
Distance

)*Amount of Graduates  

Table 1. Variables 

RGDPPerEmployed* 

BibliometricIndex** 

Personnel* 

Graduates* 

Educated* 

Total Population* 
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Average Income* 

Average Age* 

Municipality Equalization* 

Sole-proprietorship** 

Net Commute** 

Net Investment Business** 

*Statistics Sweden’s Statistical database (2016). **Kolada (2016). 

4.1 Dependent variable 

The dependent variable is chosen from the smallest possible value of economic productivity, 

in order to specify productivity as closely as possible, which came down to the regional gross 

domestic product per employed on a municipality level in Sweden. The other variable which 

could have been chosen was regional gross domestic product but, according to Goldstein and 

Drucker (2006), when comparing the regional gross domestic product per employed with the 

one for per capita the per employed variable will only take the earned income into 

consideration and exclude other sources, such as dividends or interest, as these sources may 

skew the outcome of per capita income from having a lot of economically inactive residents. 

The data for the dependent variable is based on an amount of 290 municipalities which is the 

full population of municipalities in Sweden. The data for this part is collected from the 

database Statistics Sweden (SCB) and the year which it is based on is 2013. 

4.2 Independent variables 

Bibliometric Index 

The main independent variable will be measure the way Andersson, Quigley and Wilhelmson 

(2004) did in their research on University decentralization. Using the distance measured from 

the middle point of the municipality directly to the closest university and this distance is 

measured in kilometers. However, only having distance will not tell us anything about the 

university. Having a measure of the quality in the education to explain how much the distance 

to the university will be essential. Thus three different variables have been collected in order 

to try and explain this quality of the university as a weight, or gravity which Andersson, 

Quigley and Wilhelmson (2004) called it, of the distance. The first variable used will be the 

bibliometric index of the university. This bibliometric index is a statistical analysis of written 

publications, such as articles, as a combination of total amount of publications and the amount 
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of times it has been used as citation. It is a good measurement for how well a university 

performs, that is used for this specific purpose by Ekonomistyrningsverket 

(Ekonomistyrningsverket, 2015), which is an institution working for the Swedish 

governments finance department. It can be seen as an indicator of the breakthroughs in 

science, and considering human capital, a scientific breakthrough may be an increase in 

knowledge that will lead to a spillover-effect. 

Teachers and Scientists 

The second variable that will be used in an effort to measure the quality of the university and 

the weight of the distance to the university will be the amount of teachers and scientist 

available for the students and for research. According to Andersson, Quigley and Wilhelmson 

(2004) the amount of researchers have a significant impact on productivity by the average 

worker at the municipality level and can be used as a measure of quality. It may be from the 

fact that teachers’ availability will be essential for students as they will be able to have access 

to help more often. Having a teacher available more often can become the difference in 

actually learning or just going through with the education. Also having more scientists 

available will increase the amount of research that can be done in the educational institution 

and thus increase the knowledge that will come from the education and university. 

Amount of Graduates 

The last variable used in order to measure the quality of the university and the weight of 

distance is the amount of graduates produced. This measure is chosen from the fact that the 

more graduates from a school, the more a region can gain knowledge from this specific 

university. This is the result of education and according to Goldstein and Drucker (2006) and 

it can be used as an argument for human capital creation from the university. The fact that 

distance will have an impact from this is the part where a student have to move further away 

from where they were studying, even to an urban area, and this could thus affect the choice of 

the graduate to move to a more distant location (Lovén et al., 2016). When a graduate stays 

closer to the university it will affect how much the region located further away from the 

university can benefit from the knowledge created from the education.   

Amount of educated in the population 
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When testing for how much the distance to a university may have an effect on the regional 

production growth the base educational level may be a good contributing factor for the 

success in the municipality. As I have discussed in the framework section, education helps to 

create spillover in the fact that it makes information travel easier and faster within the 

industry. This will become an essential variable for how well the region can grow. This 

variable is based upon people who have beyond three years of university education which 

resides in the specific municipality. 

The data on the educational level of the population was collected from Statistics Sweden 

(2016). 

Sole-proprietorship 

Entrepreneurial activity is often discussed to be essential for economic success as more 

entrepreneurship in a region, the more the overall production will increase. As I was unable to 

acquire any data on research and development I had to find another solution and this became 

the amount of self-employed in a municipality which can be seen as the main entrepreneurial 

activity on an industrial and business level. Self-employment has positive effects on both 

wage and employment level, and it also reduces poverty and increases the income of the 

region. This can help with further development in other businesses when considering a Jacob 

externality as it also may increase the diversity on the market. Although, the entrepreneurial 

activity has before been claimed to be hard to measure, especially when based on knowledge 

(Acs, 1996). 

The data on self-employment was collected from the database Kolada (2016). 

Economic equalization for local government 

The economic equalization is a tax that is distributed among Sweden’s municipalities. It is 

supposed to help the different municipalities to have an equal opportunity to provide services 

for its inhabitants independently of their initial condition. It is mainly supported from the 

government and a small amount may come from other municipalities that have larger amounts 

of revenues from taxation. 

The economic equalization given to a municipality is supposed to be used as an investment in 

order to increase the production on the municipalities businesses and industries which will 

make the living more attractive. The reason to include this tax is because the more benefits a 
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municipality gets, the better chance it should have in order to see economic success and 

growth. As it is distributed among the industries it should provide for research and 

development which in turn will increase the spillover within the municipality. (Brakman et 

al., 2009) 

The data for economic equalization for local government is collected from Statistics Sweden 

(2016). 

Net commute-inflow 

This is the amount of inflow in commutes into the municipality. The amount of workers in the 

workforce of the municipality will affect how much it can produce. This will in the end affect 

the amount of economic success the economy can attain. The amount of production that can 

be produced in the municipality affects the amount of spillover that can occur which is a 

result of production, which will be provided from more human capital available. A larger 

regional production will in the end reap larger gains if all the resources are used efficiently. 

This value is a percentage based value of inflow and outflow from the municipality. 

The data for Net commute-inflow is collected from the database Kolada (2016). 

Average Income 

The average income is meant to act as an indicator of the difference between separate 

municipalities income levels. When this value is high, one can assume that the productivity is 

higher, and it may be from the fact that the educational level of the population is higher. 

Spillover will then be higher as an effect from increased knowledge. Relatively low average 

income in a municipality may indicate that the business and firms requires a low educational 

level. The parts where the average income is higher the educational level required is also 

higher. They are most likely an effect of each other as well; since the educational level started 

the spillover effect which created the cluster that lead to specialization within industries that 

then requires higher education. This gives a higher wage from increased productivity. While 

education may be the cause of it, it is also an effect which attracts more educated members 

towards that specific region, as it can guarantee a relatively higher wage to the labor. Since it 

attracts more educated residence the spillover-effect will increase from increased knowledge. 

The data for Average Income is collected from Statistics Sweden (2016). 
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Net-cost for investments in business 

In order for a business to be able to move forward, it needs regional information and 

marketing. This variable is the total amount a municipality spend investing in their local 

productions and businesses to promote their product and services. This helps industries or 

business grow within the municipality with the help from this specific investment and can 

thus be seen as a municipalities’ way of trying to increase productivity. The more a 

municipality invest the more attractive the place will become for all types of industries. This 

may also help with diversity on industry level where Jacob externalities can take place and 

help with economic success (Glaeser et al., 1992). 

The data for Net-cost for investments in business is collected from Kolada (2016). 

Average Age 

Previous research has a lot of times discussed the impact of an increasing age among the 

population. The elder has become healthier in current times and are thus able to work longer 

before wanting to retire. While this is the case in most part, it is also the fact that an aging 

population where people leave work at the same age implies that a larger amount would be 

consumers for more products while not being a part of the workforce. It may also be the case 

of having a lot of younger citizens in the region would make the amount of lower paid and 

lower productive works which would cause a decline in the regional GDP per employed 

(Futagami and Nakajima, 2001). 

The data for average age is collected from Statistics Sweden (2016). 

 

Municipality Population Size 

The size of the area has proven before to matter for how much the area benefits from 

clustering and agglomeration (Liu, 2014) and the different sizes for a region shows a varied 

effect on the economic impact on regional output per worker with the help of the presence of 

a university as a medium of human capital and spillover from research. The fact that a larger 

base of people present will increase the chance of having knowledge for the specific research 

or production at the right time has also been argued for as a good reason to increase the 

spillover between firms (Brakman et al., 2009). Thus having a larger population size can be 

argued for to be beneficial for output and economic growth. 
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The data for Municipality Population Size is collected from Statistics Sweden (2016). 

4.3 Functional form 

The different functional forms have been tested and examined heavily in past studies from 

Goldstein and Drucker (2006), Liu (2014), Hanushek and Woessmann (2010) and they all 

have different types of weaknesses that may limit how to interpret the data in the model and 

the interpretation of the results. The functional form that I will be using in this model is a 

linear functional form.  

One issue with using a linear functional form is that there is a risk of obtaining 

heteroscedasticity. Heteroscedasticity describes a situation when the error term is the same 

across all the independent values and this is a violation of homoscedasticity. When 

heteroscedasticity is present the model will not become biased, however it will become 

inefficient. 

The equation for the regression is as follow:  

RGDPPerEmployed2013= 𝛼𝛼 + 𝛽𝛽1WeightedDistance + 𝛽𝛽2Educated + 𝛽𝛽3TotalPopulation + 

𝛽𝛽AverageIncome + 𝛽𝛽5AverageAge + 𝛽𝛽6MunicipalEqual + 𝛽𝛽7SoleProprietorship + 

𝛽𝛽8NetCommute + 𝛽𝛽9NetInvestmentBusiness + ε 

 Results 

5.1 Descriptive statistics  

In table 2, you find the descriptive statistics for all the variables used. From the descriptive of 

independent variables, it is observable that the Bibliometric index can vary a large amount 

between the different universities. It gives the indication of how much the index can differ 

between universities in producing research in combination with the times quoted. The same 

can be seen with the amount of graduates from the university and the amount of personnel on 

the university. These gives an indication for how large the specific university is and how 

much personnel available for research and education. Having a larger pool of personnel will 

aid with good quality of research according to The World University Ranking (2016) as well 

as the amount of graduates from a school shows the amount of degree completion which The 

World University Ranking (2016) uses as one of their values of quality, as having a larger 

pool of graduates indicates increased knowledge gained which can then be utilized. 
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The total size variation as well as the mean are for the 290 municipality samples. The details 

shows that Regional output per employed measured in thousands can differ from 377 all the 

way up till 2408 which means it can vary a lot between different municipalities. The 

population also show that different municipalities can have a large difference in the amount of 

human capital available. 

Table 2. Descriptive Statistics 

Descriptive Statistics 

 N Minimum Maximum Mean SD 

RGDPPerEmployed* 290 377 2408 774,50 185,484 

BibliometricIndex** 290 25,30 5654,40 1326,4479 1789,96193 

Personnel* 290 105,00 2955,00 1000,6000 906,80306 

Graduates* 290 217,00 6295,00 2859,6241 1815,61088 

Educated* 290 166 216176 4748,86 15139,903 

TotalPopulation* 290 1639 682081 24412,26 51574,531 

AverageIncome* 290 204 467 247,63 31,374 

AverageAge* 290 37 49 43,29 2,632 

MunicipEqual* 290 -12802 26982 9048,81 5238,530 

SoleProp** 290 148 57533 1643,49 3799,074 

NetCommute** 290 -61 89 -11,86 18,850 

NetInvBusiness*** 290 ,00 1811,00 247,3793 237,99943 

*Statistics Sweden’s Statistical database (2016). **Kolada (2016). 

5.2 Regression 

In this part I will show and discuss the output for each of the three regression which have 

been made with the three different independent variables for each of the weights of distance to 

the university. First off I will analyze the model fit and the focus variables, then move on to 

analyzing the control variables. 

Table 3. Simple regression. Multicollinearity removed 

Variables Model 1 - 

Bibliometric 

Model 2 - 

Graduates 

Model 3 - 

Personnel 
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R-Square 0,112 0,112 0,111 

 Β Β Β 

(1/Distance)*weight 0,014 

(0,025) 

-0,005 

(0,020) 

0,010 

(0,044) 

AverageIncome 3,297** 

(0,598) 

3,278** 

(0,601) 

3,301** 

(0,600) 

Educated 0,000 

(0,001) 

0,000 

(0,004) 

0,000 

(0,001) 

NetCommute 1,375** 

(0,614) 

1,455** 

(0,631) 

1,389** 

(0,619) 

AverageAge 14,038** 

(5,414) 

13,281** 

(5,606) 

13,951** 

(5,501) 

InvestmentBusiness -0,058 

(0,055) 

-0,056 

(0,055) 

-0,057 

(0,055) 

MunicipalityEqualization 0,011** 

(0,004) 

0,010** 

(0,004) 

0,011** 

(0,004) 

 

In Table 3 which is shown above, an R-square can be seen for each of the specific regression 

models and this value can be used to interpret the goodness of fit of the model and how much 

the independent variables is explaining the dependent variable. When observing the specific 

models it can be seen that model 1 has R-square of 0,148 so it can explain the regional gross 

domestic product by 14,8% when using the Bibliometric value as indicator of weight on the 

distance to a university. While the value of R-square for the model using the amount of 

graduates produced from a university as indicator of weight is 0,152 so this model explains 

15,2% of the regional GDP. The last variable used as an indicator of weight is the amount of 

scientists and teachers available for research and education on the university the R-square is 

0,151 which can be seen as the models explains the dependent variable by 15,1%. However, 

after looking at the values for VIF it can be seen that three of the control variables shows a 
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more than large value of VIF which indicates that these have multicollinearity with each 

other, and when remedied by removing these variables the outcome changed drastically. The 

R-square of the three models decreased to 0,113 for model 1, 0,111 for model 2 and 0,112 for 

model 3. These values can be seen as very low, and one of the major reasons for this being an 

issue may be that my sample size is too small. In order to get a better number for the 

regression I would have to use more years which in turn would help my model explain the 

relationship more efficiently. This data however is unavailable to me, and the study would be 

interesting to continue on a more advanced level with all the data available. 

5.3 Main independent variables 

The main focus of this paper are the variables for quality-weighted direct distance to the 

closest universities. I had predicted in my first hypothesis that an increase in distance to the 

university would be associated with a decrease in the regional output and thus suggest a 

negative relationship between the variables. This hypothesis was proven to be false, along 

with the second, third and fourth hypothesis. The fact that my regression show such a small 

R-square implies that my model explains very little of the regional output per employed, and 

the variables for weighted distance was all shown to be insignificant and not being of 

importance to my regression.  

Past research have shown different results. Some have shown a clear relationship between 

distance to the university and the regional output such as Goldstein and Drucker (2006) in 

their research paper The economic Development Impacts of Universities on Region: Do Size 

and Distance. They claimed that knowledge-based university activities have a positive effect 

on economic prowess, especially when distance is smaller, which suggests that universities is 

a possible substitute for agglomeration economies and also found empirical evidence of this 

matter in this research. It is also shown in the study which Andersson, Quigley and 

Wilhelmsson (2004) conducted which found evidence of the economic impact on productivity 

and innovation based on weighted distance to a university. Lundquist (2001) however, found 

barely any statistical evidence that the distance would have an impact.  

From my model it would have been seen as that the higher the value of weight, where the 

increase in distance decreases weight, the more productivity would increase. However, 

looking at this weight variable for the amount of graduates produced, it would show that the 
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increase in weight, or decrease in distance, would be followed by a decrease in output per 

employed.  

The fact that my variables show no significance may come down to how the distance is 

measured from the first place. As now it is based on direct distance to the closest university 

depending on strength, but it may have been wiser to go the route of trying to measure how 

far the specific university can reach depending on the quality measures instead of linking it 

directly to the specific municipality and this may have changed the outcome of the regression 

with both how well it explains the explanatory variable and the fact that the distance shows no 

significance in either of the models. For now, my model show that the distance to a university 

does barely matter output per employed in a region. 

5.4 Control Variables 

The variables of total population and Sole-Proprietorship had to be removed from the fact that 

they showed a large amount of multicollinearity, and was disrupting the results of the model. 

This was shown by the Variance Inflation Factor which was used in order to detect 

multicollinearity. The variables showed multicollinearity with the variable of Educational 

Level, and the reason for keeping this was because the educational level in a region was more 

suited. The human capital theory and spillover theory all argues for education being a large 

factor for knowledge and research which can heavily impact productivity, which makes this 

more suited to stay in the regression.  

Across all the three different models different variables that help characterize human capital 

and spillover, by having traits which helps increase local economic productivity in different 

ways, has been added as a control to help explain the effect from the university. The first, 

Average Income, is significant to the model at a 5% level in all of the three models, and the 

value differs very little between one another. The fact that wages are higher in more populated 

areas where higher productivity levels are present is vastly argued in empirical literature. For 

example Liu (2014) observed the increase of hourly wage rates in areas with an increased 

amount of the same college degrees present. In my study the effect of average income shows 

not only significance, but the value for each extra unit of wage, the regional production will 

increase with values close to 3,3 in all of the models, suggesting the impact of wage on 

economic productivity is large, but different values for quality of the university shows little 

impact on how much wage will differ.  
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The fact that the amount of educated people in the same location both increase productivity 

and wage follow with the variable Educational level. The variable for educational level 

however, showed no statistical significance to regional output per employed in my model. 

That education shows an increase of economic growth has also been argued for before by for 

example Hanushek and Woessmann (2010) in their study Education and Economic Growth, 

and but this was not be the case in my model. Human capital theory argues for educational 

level being a factor in which means that having a higher amount of educated population in the 

region, the productivity would be increased, and with each extra educated person it would 

increase further. These variables does not really differ between the three models when 

combined with the weights of the distance based on quality. 

Continuing on the explanation of the characteristics of population is the variable Average Age. 

After the multicollinearity had been remedied the outcome of this variable now shows 

significance on 5% level in all three models. The value is 13,8 in model 1, 13,3 in model 2 

and 13,8 in model 3. This now shows that a somewhat older population increases the regional 

output in the municipality. Following other studies, there has been a somewhat mixed result, 

but I included the variable based on the fact that age may vary on the education, and since 

elderly are becoming more healthy they may be able to be productive longer, which is also a 

factor in human capital (Becker, 1964) and the fact that a younger population are the most 

commonly educated of the population, they may play a part with the human capital spillover 

effect. As discussed before, this may be the case as younger tends to be more represented in 

studies or lacks the experience in an industry to help increase productivity. 

Looking at the variables which are factors for business instead of population, it can be seen 

that the variable Net Commute inflow shows significance at 5% level in all the models. This 

follows what has been said about increase in human capital by Goldin (2003).This shows that 

having an inflow of labor capital is significant for the regional output as with increase in 

commute inflow the higher productivity would be. However, the effect differs somewhat 

between the three models. The model where weight of distance to university is explained 

using the amount of graduates shows a somewhat larger number than both of my other two 

models implying that when more graduates are produced, the more importance the ability to 

commute into the region has on productivity level. Combined with distance to the university, 

it can help explain that the amount of graduates produced matters and can thus help increase 

productivity and increase spillover effect.  
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The tax that is distributed around the municipalities in Sweden to provide help with 

equalizing the conditions between the different municipalities is the variable Municipality 

Equalization. The variable shows a significance on a 5% level in all the three different 

models. The value also show a positive value where as one unit of this will increase the total 

productivity of labor, so the more a municipality may receive in order to equalize their 

economic differences the better the productivity level will be. The result is not surprising and 

shows that spending on the industries can help with productivity. When looking at the three 

different models though, it does not show a difference between the three, thus cannot help 

with showing how much the different types of weight of the distance matter depending on 

what type of quality measurement is used.  

The variable Net cost for investment in business shows no significant in any of the models and 

in the regression where the multicollinearity issue had been resolved this did not change. 

There is no statistical support for this variable to be able to impact the regional output per 

employed in any of the situations. It is not proof of that investment in the municipality does 

not matter, but it suggest that the fact that the region supports the industry does not mean it is 

the most efficient placement for it. It may be because of other factors interfering, such as 

other clusters of that type of industries are being more efficient following the Porterian cluster 

theory where other areas may have clusters that have a comparative advantage (Glaeser et al., 

1992). 

 Conclusion 

The aim of this study is to show the importance of the presence of a university for increased 

economic productivity, and also to research on to what extent an education for a university 

can impact the productivity level on municipalities, when acting as a medium of human 

capital, and this increase knowledge spillover from human capital in a cluster or a region. The 

result did however show that the distance does not matter in this study as all three values for 

distance was not significant after correcting for multicollinearity. This implies that distance to 

a university does not matter when calculating economic productivity in a region which falls in 

line with the study of Lundquist (2001) where the location of a university had no impact 

either. 

Two control variables had to be removed as a result of multicollinearity which then lead to the 

R-square of the model becoming even lower than before. The two variables removed, Total 
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Population and Sole-proprietorship are two variables that has been supported by a lot of 

studies before. The fact that they had to be removed was somewhat of a surprise, but in the 

end it cannot be ignored. Another way to counter this was to find more variables and then test 

again with the new ones. The variable for Entrepreneurial Activity is argued for being hard to 

measure, so finding new ways to find evidence of this specific value would be one way. Other 

control variables acted just the way that had been argued for before, such as Average Income, 

where the higher the income was presumed to be linked with higher output and this was also 

shown in the result. 

Overall the result is somewhat lacking with the R-square showing below an explanation of 

dependent variable of 12% for Bibliometric index and Graduates models and 11% for the 

model using Personnel. The reason may come down to having too little sample sizes and thus 

adding more years would open up for a very interesting research and quite possibly better 

results. Also testing different ways of measure the spillover from a university would come in 

hand and may result in a better explanation of how university help with regional productivity 

and how much it matters for knowledge spillover. 

From an economic perspective, the result shows that the distance barely, if at all, explains the 

regional productivity per employed. Studies, such as the one made by Guisan and Neira 

(2008), have shown before that the impact from education and human capital is hard to 

measure. This is from the fact that often a lot of the variables show multicollinearity with one 

another, which is the case I ran into here. In the end, my research shows that distance to the 

human capital and research that a university provides have little influence in the regional 

output per employed. 

  



 

 23 

 References 

 

Acs, Z. J. (1996). Small firms and economic growth. In P. H. Admiraal (Ed.), Small business 

in the modern economy (pp. 1- 62). Oxford, UK: Basil Blackwell.  

Aldo Geuna, 2015. The University and the Economy: Pathways to Growth and Economic 

Development. Edition. Edward Elgar Pub. 

Andersson, R., Quiggly, J. and Wilhelmsson, M. (2004). University decentralization as 

regional policy: the Swedish experiment. Journal of Economic Geography, 4(4), pp.371-388. 

Becker, G. S. (1964). Human Capital: A Theoretical and Empirical Analysis with Special 

Reference to Education. National Bureau of Economic Research. New York; 2nd edition, 

NBER, New York, 1975; 3rd edition, University of Chicago Press, Chicago, 1993. 

Birkinshaw, J. (2000). Upgrading of Industry Clusters and Foreign Investment. International 

Studies of Management & Organization, 30(2), pp.93-113. 

Brakman, S., Garretsen, H., and van Marrewijk, C. (2009), The new Introduction to 

Geographical Economics, Cambridge University Press, New York 

Breton, T. 2012, The Role of Education in Economic Development: Theory, History, and 

Current Returns, Federal Reserve Bank of St Louis, St. Louis. 

Detotto, C. and Otranto, E. (2010). Does Crime Affect Economic Growth?. Kyklos, 63(3), 

pp.330-345. 

Ekonomistyrningsverket. (2015). Regleringsbrev för budgetåret 2016 avseende 

Vetenskapsrådet. Acquired 1 December, from 

http://www.esv.se/statsliggaren/regleringsbrev/?RBID=16982 

Eriksson, R., & Lindgren, U. (2011). Agglomeration och ekonomisk utveckling: Betydelsen 

av arbetskraftsrörlighet för lärande och innovation. Geografiska Notiser Årgång 69. Retrieved 

from http://www.geografitorget.se/gn/nr/2011/bil/2-08.pdf 

Fafchamps, M. 2004, Manufacturing growth and agglomeration effects, Federal Reserve 

Bank of St Louis, St. Louis. 



 

 24 

Frenette, M. (2006). Too Far to Go On? Distance to School and University 

Participation. Education Economics, 14(1), pp.31-58. 

 Futagami, K. and Nakajima, T. (2001). Population aging and economic growth. Journal of 

Macroeconomics, 23(1), pp.31-44. 

Glaeser, E. (2008). Cities, agglomeration, and spatial equilibrium. 1st ed. Oxford: Oxford 

University Press. 

Glaeser, E., Gyourko, J. and Saks, R. (2005). Urban growth and housing supply. Journal of 

Economic Geography, 6(1), pp.71-89. 

Glaeser, E., Kallal, H., Scheinkman, J. and Shleifer, A. (1992). Growth in Cities. Journal of 

Political Economy, 100(6), pp.1126-1152.  

Goetz, S., Fleming, D. and Rupasingha, A. (2012). The Economic Impacts of Self-

Employment. Journal of Agricultural and Applied Economics, 44(03), pp.315-321. 

Goldin, C. 2003, "The Human Capital Century", Education Next, vol. 3, no. 1. 

Goldstein, H., Drucker, J. (2006). The Economic Development Impacts of Universities on 

Regions: Do Size and Distance Matter?. Economic Development Quarterly, 20(1), pp.22-43. 

Guisan, Maria-Carmen and Neira, Isabel, Direct and Indirect Effects of Human Capital on 

World Development, 1960-2004 (August 20, 2008). Applied Econometrics and International 

Development, Vol. 6, No. 1, 2006.  

Hanushek, E. Woessmann, L. (2010). Education and Economic Growth. International 

Encyclopedia of Education. Volume 2, pp. 245-252. 

Harvey, M. and Porter, M. (1988). Competition in Global Industries. Journal of Marketing, 

52(1), p.150. 

Holzer, S. 2007, The Expansion of Higher Education in Sweden and the Issue of Equality of 

Opportunity, Federal Reserve Bank of St Louis, St. Louis. 

I, Lovén. M, Nordin. C, Hammarlund. (2016). Vem stannar kvar? – Närhet till högskola och 

val av bostadsort. AgriFood-Rapport 2016:26, Lund. 



 

 25 

Kjellström, C. and Regnér, H. (1999). The Effects of Geographical Distance on the Decision 

to Enrol in University Education. Scandinavian Journal of Educational Research, 43(4), 

pp.335-348. 

Lundquist, K.-J. (2001). Universities and firms. Uddevalla Symposium 2000, Research 

Reports 01:2, Papers presented at the Uddevalla Symposium 2000, 15-17 June, Trollhättan, 

Sweden. 

MacPherson, A. and Krugman, P. (1992). Geography and Trade. Economic Geography, 68(2), 

p.216. 

Millán, J., Congregado, E., Roman, C., van Praag, M. and van Stel, A. (n.d.). The Value of an 

Educated Population for an Individual's Entrepreneurship Success. SSRN Electronic Journal. 

Lendel, I. (2010). The Impact of Research Universities on Regional Economies: The Concept 

of University Products. Economic Development Quarterly, 24(3), pp.210-230. 

Liu, S. (2014). Agglomeration Economies, Investment in Education, and Regional 

Development. Dissertations – ALL. Paper 94. 

Malmberg, A. and Power, D. (2005). (How) Do (Firms in) Clusters Create 

Knowledge?. Industry & Innovation, 12(4), pp.409-431. 

Porter, M. (1990). Competitive Advantage of Nations. Competitive Intelligence Review, 1(1), 

pp.14-14. 

Paytas, J., Gradeck, R., Andrews, L. (2005). Universities and the Development of Industry 

Clusters. Economic Development Administration. 

SCB (Statistiska Centralbyrån). (2010). Inrikes Omflyttning. Retrieved from 

http://www.scb.se/Statistik/BE/BE0101/2010A01b/Inrikes_omflyttning.pdf 

SCB (Statistiska Centralbyrån). (2014). Utbildningsstatistisk årsbok 2015. Retrieved from 

http://www.scb.se/Statistik/_Publikationer/UF0524_2014A01_BR_UF01BR1401.pdf 

Schubert, T. and Kroll, H. (2014). Universities’ effects on regional GDP and unemployment: 

The case of Germany. Papers in Regional Science, 95(3), pp.467-489. 

Schultz, T. W. (1961). Investment in Human Capital. American Economic Review, 51, 1- 17. 



 

 26 

Spiess, C. and Wrohlich, K. (2010). Does distance determine who attends a university in 

Germany?. Economics of Education Review, 29(3), pp.470-479. 

Steinacker, A. (2005). The economic effect of urban colleges on their surrounding 

communities. Urban Studies, 42(7), pp.1161-1175. 

Rudd, J. (2000). Empirical Evidence on Human Capital Spillovers. SSRN Electronic Journal. 

Valero, A. and Van Reenen, J. (2016). The Economic Impact of Universities: Evidence from 

Across the Globe. Retrieved from 

http://search.proquest.com.bibl.proxy.hj.se/docview/1809235422?accountid=11754&rfr_id=i

nfo%3Axri%2Fsid%3Aprimo 

Van der Panne, G. (2004). Agglomeration externalities: Marshall versus Jacobs. J. Evol. 

Econ., 14(5), pp.593-604. 

 



 

 27 

 Appendix 

Appendix 1. Variance Inflation Factors (VIF) 

 

Coefficients 

Model Collineari

ty 

Statistics 

VIF 

1 Netcommute 1,318 

Averageincome201

3 

3,526 

Averageage2013 2,411 

Soleprop 42,281 

netinvbusiness 1,606 

Municipequal2013 3,441 

Totalpopulation2013 47,036 

Educated2013 69,771 

a. Dependent Variable: LogRGDPE 
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Appendix 2. Pearson Correlation 
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Appendix 3. Scatterplots 
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