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Sammanfattning

Syftet med den hir uppsatsen ar att analysera effekten av humankapital i svensk ex-
port. Humankapitalet 4r uttryckt som antalet anstillda i den privata sektorn med uni-
versitetsutbildning pa minst tre ar per kommun. Tva regressionsmodeller testades
med aggregerat exportvirde/kommun och exportvirdet per kilo/kommun som be-
roende variabler. Humankapitalet liksom den totala tillgingligheten till FoU per
kommun antogs ha en positiv inverkan pa den svenska exportprestationen.

Stor vikt har under de senaste decennierna fists vid utbildning, kunskap och invester-
ingar i FoU 1 ekonomisk teori. Sverige dr generellt sett rikt pa humankapital och har
dven flertalet virldsledande foretag kiannetecknade av kunskapsintensiv produktion
och export. Enligt teorin om produktlivscykler borde Sverige fokusera pa den forsta
fasen som kinnetecknas av intensiv input av humankapital och produktkonkurrens
for att behalla konkurrenskraften pa den internationella marknaden.

Resultaten av studien visar mycket riktigt pa att tillgangen pa humankapital liksom
tillgdngligheten till FoU har en positiv paverkan pa svenskt aggregerat exportvarde
samt exportvirde per kilo. Antagandet om att humankapitalet skulle vara 4n mer be-
tydande i hogvirdig export kunde dock ej styrkas genom resultaten fran den i studien
testade modellen. Innovationsfrimjande investeringar samt fortgiende anstrangning-
ar for att forbittra innovationsnat och interaktionsmojligheter antas vara viktiga fak-
torer fOor svensk konkurrenskraft dven i framtiden.
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Abstract

The purpose of this thesis is to analyze the effect of human capital in Swedish ex-
port. Human capital is here expressed as the number of employees in the private sec-
tor per municipality with university education of at least three years. Two regression
models were tested with aggregated export value/municipality and export value per
kilo/municipality as dependent variables. Human capital as well as the total accessi-
bility to R&D was assumed to have a positive impact on the Swedish export per-
formance.

During the last decades many economists have attached great importance to educa-
tion, knowledge and investments in R&D. Sweden is in general abundant in human
capital and have also several world leading companies characterized by knowledge in-
tensive production and export. According to the Product Life Cycle Theory, Sweden
should focus on the first phase that requires high input of human capital and product
competition to maintain the competitiveness in the international market.

The results indicate as expected that the access to human capital as well as accessibil-
ity to R&D have a positive impact on the Swedish aggregated export value and ex-
port value per kilo. The assumption about human capital being even more important
in high value export could not be confirmed by the results. Innovation promoting
investments together with continuous efforts to improve innovation nets and interac-
tion possibilities are presumed to be important factors for Swedish competitiveness
also in the future.
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Introduction

1 Introduction

1.1 The Importance of Human Capital in the Swedish Export
Performance

Many economists have tried to answer the questions about export performance and inter-
national trade patterns throughout the years. This however, is everything but simple. In our
fast integrating world, the international market is of course very complex. There are several
factors playing important roles in the economic development and export processes in
countries and economic regions. The famous theory presented by Heckscher 1919, further
developed by Ohlin in 1924, (Flam & Flanders, 1991) explains the trade patterns referring
to factor abundance; the product exported is the one produced with the factor that is abun-
dant in the region; hence differences in comparative advantages arise from a variety in na-
tional factor endowments. Leontieff on the other hand showed that this was not always to
expect when he analyzed the market of the United States in 1953. His findings became
known as the Leontieff paradox as he discovered that US exports were less capital intensive
than imports despite capital abundance.

In the 1960’s pioneers like Becker and Schultz started to shed light on the importance of
human capital in economic growth. In the same decade, Vernon developed his well-known
Product Life Cycle Theory (1966) further developed by Hirsch (1967) that helped distin-
guish the advantages of different regions when producing goods and trading with each
other. Ever since, the role of human capital in economic growth and trade has been a fre-
quently investigated field.

The increased importance of human capital is most evident in the well developed econo-
mies where the structure has undergone considerable changes since the 1980’s. According
to Romer (1990) the output per worker increase that characterizes the western world dur-
ing the last decades is explained by both technological progress and a more effective labor
force. Some economists stress that a well functioning higher educational system is one of
the most important elements of the modern economies. Not only because of the develop-
ment and growth in the long run but also because of the necessity of being competitive in
the globalized world and international market of today (McConnell et. al., 2003).

The Swedish economy was no exception in the transition and as a logical result the demand
and need for a higher skilled labor force increased in the production processes. The acces-
sibility to high skilled workers has for decades been very important in the Swedish eco-
nomic development and there has been an obvious connection between the educational
level and export value (Johansson & Karlsson 1991, Johansson 1993). Sweden is a relatively
small country and the export has always been important for both growth and employment.
It is therefore crucial that the Swedish products are competitive in the international market
(Svenskt Naringsliv, 2002).

According to Hirsch (1967), we should expect the regions with high access to scientific and
engineering skills, often found in small developed countries with limited natural resources,
to have an advantage in the first innovative phase of the product life cycle. The human
capital is said to be most needed in this first creative phase before the production gets
standardized, hence in product competition. One could therefore expect to find that hu-
man capital does have an impact on the export performance. The question is; how do we
measure the human capital and its influence effectively?
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Human capital is an important factor when it comes to adopting to new techniques and
also for new innovations which are necessary in the export orientated nodes of Sweden to
preserve the advantages and to be competitive in today’s global markets (Johansson &
Karlsson, 1991). Sweden has in general a high number of educated workers but the differ-
ences between both sectors and municipalities are significant.

In the most significant exporting sectors, the total share of educated employees are surpris-
ingly small (25% in the industry sector and 40% in the private service sector in 1999) de-
spite the structural changes to more knowledge intensive production. However, a report
from Industriférbundet (2000, in Svenskt Naringsliv, 2001) shows that companies in the
private sector of later years tend to employ more and more well-educated workers'. Indus-
trins Ekonomiska Rad (2005) claims that the supply of educated labor is crucial for the in-
dustry, the private service sector and the necessary product development to maintain the
Swedish competitiveness and growth. The average age of the employed in the industry has
increased and the educational gap in comparison to other sectors still exist, which is why a
higher level of knowledge is vital for the industry’s competitiveness (Industrins Ekonomi-
ska Rad, 2005).

Most of the individuals with university degree are located in the three largest cities, Stock-
holm (30.6%), Gothenburg (10.5%) and Malmé (4.2%). These numbers refer to the per-
centage share of workers with a university education of at least three years employed in the
private sector. There are also significant differences between the municipalities in export
performance; can the access to human capital help explain this?

Recent research by Andersson, Quigley and Wilhemsson (2004) has aimed to analyze the
importance of human capital in regional output in Sweden. Their results show that the re-
gions with large investments in post-secondary education also show high productivity
numbers. In this paper, the human capital and its impact is measured in a different way.
The number of workers per municipality (with a university education of at least three years)
employed in the private sector are used to analyze the impact on the Swedish export per-
formance. Sweden is also the country spending the highest share of GDP on R&D in the
western world according to OECD (2005). Is the abundance of well educated workers and
accessibility to R&D important factors when explaining high export performance in Swe-
den? Does a price hierarchy of exports exist, where the highest access to well-educated
workers in a municipality generates higher export value per kilo?

One way of measuring the importance of human capital for Swedish exporting firms is to
use the number of employees with higher education in the private sector when analyzing
the export performance of different regions. The Swedish municipalities (288- Knivsta and
Nykvarn has been removed) are used as the type of regions and human capital will be ex-
pressed as the number of workers with a university education of at least three years em-
ployed (in the private sector) in them. Furthermore, is the importance of human capital
even more important in high value export? The hypothesis suggests that human capital has
a positive impact on the export and an even larger importance in the high value export.

! Almost 40%of the new employees in 1999 had a university education in the industry. The same was true for
the service sector; around 60% of the new employees in 1999 had a university education.
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1.2 Purpose

The purpose of this thesis is to analyze the importance of human capital for Swedish ex-
port. Is the importance of educated workers even more significant in high value export
than in aggregated export value? This is tested by analyzing the effect human capital in
both aggregated export value and export value per kilo. The total accessibility to private
and university R&D for each municipality will also be analyzed.

1.3 Outline

The following chapter describes the theoretical background and the increased importance
of human capital in economic theory. Furthermore it will explain the stages of the product
life cycle theory and the role of human capital in it, since that form the basis for the later
study and empirical analysis of the Swedish export performance. The third chapter illumi-
nates the role of human capital in Sweden and the differences between the municipalities in
both access to employed workers and export performance. The following chapter is dedi-
cated to the empirical analysis with the purpose of analyzing the impact of human capital
and total accessibility to both university and private R&D for each municipality’s export
performance. The thesis ends with conclusions and suggestions for future research.
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2 Human Capital- Development and Importance in
Economic Theory

This section describes the importance of human capital in economic growth with a special focus on interna-
tional trade. Furthermore, it explains the product cycle theory, its different stages and the role of human
capital in them.

21 Human Capital and International Trade

Pioneers like Schultz and Becker developed the Human Capital Theory by emphasizing the
importance of human capital in economic growth in the early sixties; it has been a fre-
quently investigated field of research ever since. Schultz refers to education as an invest-
ment in man since the consequences (referred to as a form of capital, and therefore called
human capital) becomes inseparable from the individual receiving it (1960). His work can
be called a first step to an analysis of human capital and its impact on economic growth.
Gary Becker was the first one to analyze the rate of return of investment in human capital
from a general viewpoint (1993). Becker has realized a multitude of studies including hu-
man capital, which has made him the economist strongest associated with the concept.

Another renowned theory is stated by Schumpeter who claimed that innovation, technical
change and organizational change make it possible for entrepreneurs to create a temporary
monopoly position. The Schumpeterian process of creative destruction implies that in-
creased competition extort new knowledge and investment in the educational structure.
The reason is that new knowledge depreciates the old and to maintain the competitiveness
and performance, focus on education is necessary. The competitiveness encourages inno-
vation but at the same time, it becomes old (Javary, 2002).

One of the most famous and more recent contributors is Paul M. Romer who states in his
well-known article “Endogenous Technological Change” (1990) that a growing population
is far from enough to generate growth. The main conclusions of his work are that the stock
of human capital is what determines the rate of growth and that the integration of the
world market increases growth rates. According to Romer the output per worker increase
that has characterized the western world during the last decades is explained by both tech-
nological progress and a more effective labor force. Another important contributor to eco-
nomic theory including human capital is Robert E. Lucas with his “On the mechanics of
economic development” from 1988. He developed the neo-classical growth model of So-
low and Denison by including the effects of human capital accumulation. Luigi Paganetto
and Pasquale L Scandizzo summarize in an article (2003) that “Lucas imagines an environ-
ment where economies of scale arise because new products are being introduced continu-
ously, and this innovation in turn causes a continuous upgrading of already accumulated
human capital. The skill level of human capital, inherited from the past, in other words, is
expanded continuously by the discovery of new products more able to utilize it”.

That international trade is important for economic growth and development is a well estab-
lished fact in economics. One of the most well known versions of Ricardo’s classical com-
parative advantage theory is the factor proportion theory by Heckscher (1919) further de-
veloped by Ohlin in 1924 (Flam & Flanders, 1991). It presupposes specialization in the
production of goods that use production factors that are abundant in the area. Hence, one
can assume that regions with high numbers of well educated workers will specialize in pro-
duction and export products that require a high input of knowledge (Andersson & Johans-
son 1984). This was contested by Leontieff in 1953 who through his famous analysis of the
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US trade patterns showed that; the US exports, unexpectedly, were less capital intensive
than US imports despite abundance in capital. A more dynamic approach to trade patterns
was presented by Posner (1961) who argued that technological changes and development
in different countries resulted in a temporary comparative advantage for the innovating
country before the other countries could use the new technology.

When it comes to technological improvements and innovation, import plays an important
role in the development process. The import stimulates the incentives to create new prod-
ucts and to improve the already existing ones. Within complex and differentiated product
areas one can often find intra-industry trade where the imported and exported products are
from the same category (Johansson 1993). Paul R. Krugman states in his “Rethinking in-
ternational trade” (1994) that international trade stimulates innovation and yields a higher
rate of return on the innovations than what would have been possible for any innovating
economy alone. He mentions the basic Shumpeterian framework describing firms’ willing-
ness to invest in knowledge, which in turn allows them to establish a temporary monopoly
position until the knowledge becomes public. Meanwhile, the technology continues to de-
velop by the innovators, creating new monopolies, and so the economy continues evolve.
Barro (2001) emphasizes the importance of workers with high educational level as an im-
portant factor when adapting to new advanced techniques from leading countries. He
claims this form of human capital (especially at the secondary and higher levels of educa-
tion) to be complementary with the new technologies and therefore significant in the “dif-
fusion of technology”.

211 Human Capital, Innovation Networks and Interaction

A field of research that has increased fast in importance during recent years is the spatial
dimension of trade and knowledge flows. Breschi and Palma (1999), referring to Grossman
and Helpman (1991), state that regional or national patterns of specialization and the reali-
zation of comparative advantages to a large extent may be explained by the geographical
concentration of knowledge spillovers. Furthermore they suggest that provided an initial
technological endowment, knowledge flows within regions, nations or other certain spatial
boundaries will generate a deeper specialization through cumulative processes. The interac-
tion between educated individuals can generate new products and innovation resulting in a
comparative advantage and also export. This implies that metropolitan regions with high
possibilities to interact, a well functioning infrastructure and many educated workers can
facilitate these processes.

More and more firms locate in areas where high skilled labor is available since the knowl-
edge production is now a natural part of the production. The technological innovations and
development of the production process is based on a need to reduce the production costs
to be able to compete for the consumers. Firms need to continuously add new knowledge
about technological systems to manage the necessary renewal of production processes (Jo-
hansson, 1993). Grossman and Helpman (1991) explain the chain that result in a market
power for a firm with R&D. The expenditures on R&D are justified by the profit possibil-
ity (temporary or continuous) that the developed products generate. The firm that imper-
fectly substitutes an existing brand can charge a price over the marginal cost and firms im-
proving their products can sell it to a price higher than the production cost since people are
willing to pay more for the improved product. The renewal process is a result of influences,
ideas and imitation within the industry which is all a part of the company’s innovation and
contact networks. These different ways of renewal can be a consequence of competitor’s
new solutions, the firm’s own experiments, ideas from consultants or suppliers etc. (Jo-
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hansson 1993). Innovation begins with an individual and the underlying knowledge diffuses
mainly through informal channels, such as interpersonal contacts, on-the-job training,
meetings, seminars etc. The effectiveness of these channels decreases with the distance be-
tween the agents (Pred 1966 and Feldman 1994 in Breschi & Palma, 1999). Andersson and
Karlsson (2004) list strategic actors in the innovation networks that through interaction are
important in the creation of new knowledge:

®  Producing firms

®  Subcontractors

®  Producer service suppliers

e  Costumers

e  Skilled labor

¢  Universities with a suitable research agenda

e R&D institutes

Source: Andersson & Karlsson (2004)

A prerequisite for domestic product development and innovation capability is the informa-
tion and contact networks linking the domestic regions to the continuous global techno-
logical/product development. Due to this, an economic region’s future is closely connected
to the import nodes and the capability of further distribution of the imported knowledge.
To be able to work with and use the novelties and combine those into new products that
can help maintain the export performance level, educated and highly skilled workers is a
prerequisite but also their possibilities to interact (Johansson, 1993).

2.2 Human Capital in the Product Life Cycle

In 1966, Vernon published his Product Cycle Theory (PLC) which has been frequently
used in economic analyses. In accordance with Vernon’s theory all products undergo cer-
tain development. Sales tend to be small and the produced volume is modest in the first
phase as the products are introduced to the market. The first creative phase is characterized
by high unit cost, high input of professional knowledge and product competition while the
later stages imply a successive movement towards price competition (Hirsch, 1967). In an
article by Lutz and Green from 1993 they make clear that “new products are most likely to
appear in the more economically advanced nations with substantial technological skills
available and with public and private R&D efforts.” Furthermore they state that in the be-
ginning of a product’s life cycle, the innovating firm has an advantage when introducing a
product on the international market. With time, the product will be imitated and the firm
looses its initial advantage as the world market for the product increases. Forslund (1997)
also mentions highly skilled labor as an important factor when it comes to innovating
firms’ location. An area where firms can find high skilled labor, together with a well devel-
oped transportation system and easy communication will almost certainly attract firms
(Forslund, 1997). These are some of many factors that, when put together, create possibili-
ties for new product cycles and product development and hence, an export advantage for
certain municipalities and regions.
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As the life cycle process goes by, the need for educated labor decreases while the produc-
tion process becomes more and more standardized as the knowledge is spread. The second
phase is characterized by a sharp increase in volume with mass production and mass distri-
bution. The labot/capital ratio diminishes as the production becomes more capital inten-
sive. More and more firms are attracted to the expanding market and the consumer de-
mand becomes more elastic since they have more options to choose from (Hirsch, 1967).
The production is moved to more peripheral zones with lower production cost; the price
competition increases (Johansson, 1988).

The third phase, the mature state of the product life cycle, is characterized by standardiza-
tion, the proportion of skilled workers decreases and price competition is a fact (Hirsch,
1967). The product is exported to other regions when the production process has matured
and the market size has increased. The region that initiated the production gradually looses
its comparative advantage (Andersson & Johansson, 1984). The figure below shows the
product cycle development from product competition to price competition.

Figur 2-1 The transition of the product cycle from product to price competition

PRODUCT COMPETITION

A

* Growing market and market share

* Leader profits

4

* Large and saturated market

* Many sold units with small profit per
each

0

* Declining market and market share

* Unit price decreases so much that even if sales volume would increase, the
sales value would decrease

v

PRICE COMPETITION

Source: Johansson (1993)

221 First Phase Characteristics- a certain type of regions

According to the PLC, human capital is most important in the first creative phase. We
should expect the regions with high access to scientific and engineering skills, often small
developed countries with limited natural resources, to have an advantage in the first inno-
vative phase of the product life cycle (Hirsch, 1967). Hirsch claims that this type of coun-
tries “might possess a competitive potential in products less dependent on external econo-
mies and more dependent on extensive utilization of scientific and engineering inputs”.
This is a consequence of the diminishing competitiveness of these regions as the PLC de-
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velops due to high labor cost and increased price competition. Since the first phase is labor
intensive the producers need educated workers, communication facilities etc to create a
comparative advantage.

According to Johansson and Paulson (2004), following the PL.C theory by Vernon, the suc-
cess of the first phase of a new product depends on the accessibility to input suppliers and
consumers. This implies that new products are mostly introduced in regions where the ac-
cessibility to both well educated workers, input suppliers and consumers is high (Jacobs,
1984; Johansson and Andersson; 1998; Forslund, 1998 in Johansson & Paulsson, 2004).
Furthermore the authors stress that “the likelihood of a successful start of a novel industry
increases as the size and diversity of the host region increases”. For the region initiating
product cycles there is a constant need of replacing the falling cycles with new expanding
ones, which is the only way to maintain the level of comparative advantage. When the re-
newal process is successful, it results in temporary monopoly profits before the knowledge
becomes official after the patent phase (Johansson & Karlsson 1990, 1991).

2.2.2 The link between import and export nodes

As stated by Johansson and Karlsson (1991), the wealth of an economic region or nation
strongly depends on the development of the product cycles (Johansson & Karlsson, 1991).
According to Jane Jacobs, (in Johansson, 1993) it is the inventiveness and adaptability of a
country’s city regions that create the foundation for the future economic growth and ex-
port. This type of regions have the capacity to attract import of new products and services
and furthermore to quickly replace the new imports with domestic production. In the im-
porting nodes, the innovation and new product cycle processes are much more frequent,
which is also why these regions are very important in a national economic system. Accord-
ing to Johansson (1988), this frequent innovation presupposes;

1. Well developed networks to customer groups with a high propensity to accept new
products

2. Well developed systems for observing and assessing new technical solutions, and
organizations and a labor force with R&D competence

When the product cycles are successful and manage to expand, the production can succes-
sively be moved out to more peripheral locations in the import node’s network. The inter-
mediate and peripheral export nodes are characterized by a tendency of imitation of more
mature products and production techniques (large scale productions) and price competition
(Johansson 1988).

One crucial factor for a continuing product competition in an import node is easy access to
a labor force with high skills and R&D competence. Johansson (1988) states that the re-
gions that have universities normally specialize in product competition while the intermedi-
ate and peripheral export nodes are characterized by price competition and export oriented
production. The following figure shows the link between the importing and exporting
nodes.
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Figur 2-2 Innovation response to imports
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products

Source: Johansson (1988)

For these different steps to development of new product cycles, human capital plays an
important role. The processes that might generate export advantages for regions or coun-
tries with the characteristics described would be difficult to realize without educated work-
ers. To be able to compete in the international market, the developed economies with these
possibilities (educated labor and access to R&D) should logically have a comparative ad-
vantage in the development of new products and in product competition.
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3 The Case of Sweden and the Importance of Human
Capital

This chapter focuses on the case of Sweden. 1t gives a short description of the situation and importance of
human capital in the Swedish economy.

3.1 Human Capital as a Determining Factor of Swedish Ex-
port Performance

The Swedish economy was no exception in the world-structural change in the 80’s. As a
logical result of this, the demand and need for a higher skilled labor force increased essen-
tially in the production processes. The accessibility to high skilled labor was and is a pre-
requisite for the development of the Swedish economy (Johansson & Karlsson 1991). The
common trend for the Nordic countries has been a growing product competition rather
than price competition, which means a movement away from the traditional industrial soci-
ety. The sectors characterized by product competition show high numbers of qualified la-
bor and large and increasing R&D recourses (Johansson & Karlsson 1990).

However, the structural change does not mean that the industry no longer is important for
the Swedish economy, but it has led to a more knowledge intensive production. According
to Industrins Ekonomiska Rad (2005) is the breadth of the Swedish industry almost
unique. Mechanical engineering industry, pharmaceuticals, telecom, vehicles and power sys-
tems are examples of complements to the ore and wooden industry. The industry domi-
nates the Swedish export and amount to almost 45% of the GDP (the share has grown
from 20% in 1950-60’s). The share of services in the export has also grown during the last
decades. The share of total export was 24% in 2004 compared to 17.5% (average) in the
1980’s (Industrins Ekonomiska Rad, 2005). The industry is closely connected to the private
service sector since the industry is an important buyer of services. The export has always
been important for both growth and employment and it is therefore crucial that the Swed-
ish products are competitive in the international market (Svenskt Naringsliv, 2002) Sweden
is also the country that spends the highest share of GDP on R&D today (OECD 2005)>.

Sweden in general is relatively abundant in human capital, in other words, the level of edu-
cation of the workers is high. According to OECD, among the individuals between 25 —64
years of age, 28,7 % had a university degree in Sweden’ in 2002 (McConnell et. al., 2003).
However, the amount of employees with higher education differs considerably between the
sectors. The most important exporting sectors did not show high numbers of educated
workers compared to the total amount employed in the end of the 1990’s. Only 25%of the
workers employed in the industry sector, and 40% in the private service sector had a uni-
versity education in 1999 (Svenskt Naringsliv, 2001). According to Svenskt Naringsliv
(2001) Sweden was last on the OECD list when comparing the share of young (25-34)
workers with technological and scientific education. Svenskt Naringsliv (Confederation of
Swedish Enterprises) suggests a closer cooperation between the universities and the private
sector since the supply of workers with education that meet the demand of the private sec-

2 www.resourceoecd.com, 2005

3 Sweden is found on the fifth place of the OECD- country ranking after Canada — 39.2% , The United States
- 35.8%, Japan - 31.6, and Finland - 31.3% (McConnell et. al, 2003).
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tor is vital for the future international competitiveness. However, a report from Indus-
triférbundet (2000, in Svenskt Naringsliv, 2001) shows that companies in the private sector
of later years tend to employ more and more well-educated workers.

The interest for the international technological development has been substantial in the
Swedish importing metropolitan regions that account for the further distribution of new
systems and mechanical equipment to the surrounding export nodes. (Stockholm has been
the most important import node throughout the postwar period, according to Johansson
1993). These distribution processes are dependent on access to human capital since it con-
cerns un-standardized commercial activities. Furthermore, the import can inspire to imita-
tions and new product development that can either complete or replace the imported
products. If the process is successful, it can result in a new product cycle and export spe-
cialization (Johansson 1993). As mentioned in the previous part, the first phase of a prod-
uct’s life cycle, the creative process, involves a big demand for specialized skilled labor. The
firms with high innovation numbers are attracted to agglomerations with high competence
and knowledge. It is therefore not surprising that the firms with a high frequency of inno-
vation are to be found in the urban areas in Sweden where most of the well educated work
force is available (Forslund, 1997).

The differences between the municipalities are significant, both regarding distribution of
educated workers and export performance. Most of the highly educated workers are living
and working in the metropolitan areas, that is Stockholm (30.61 %), Gothenburg (10.53 %)
and Malmo (4.76 %) as can be seen in table 3-1. Many educated individuals are also logi-
cally employed in the renowned university cities, like Uppsala, Lund and Linképing. Why
these university cities are found in the top ten ranking is not surprising even if the public
sector is removed from the sample. As mentioned earlier, many firms with R&D nowadays
locate where it is easy to find educated workers. The other cities in the ranking are either
located close to a metropolitan region, or have one or more multinational exporting com-
panies’ situated within the region, or both (Solna, Mélndal, Visteras and Sédertilje).

From the educated workers point of view it might also be considered a logical ranking.
Many individuals locate in the metropolitan regions for several reasons; the infrastructure is
well developed, there are more job options which imply possibilities of changing working
places within the region, the career possibilities are more extended because many of the
large and successful companies are located in these areas, easier access to health care etc.

4 Solna- Siemens and Skanska, Mélndal- Astra Zeneca Sverige AB, Astra Tech AB and Ericsson Microwave
Systems AB, Visteris-ABB Automation Technology AB and ABB Power Technology AB, Sédertilje-
Scania and Astra Zeneca
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Table 3-1 Distribution of higher educated workers® in the private sector

Rank | Municipality Employed workers | % share of total | % share of total
in the private sector | employed with population
with higher educa- | higher education (2000)
tion (2000) (2000)

1 Stockholm 97681 30.61 10.04

2 Gothenburg 33608 10.53 6.17

3 Malmi 13597 4.26 3.45

4 Uppsala 12457 3.90 2.17

5 Lund 8945 2.80 1.25

6 Solna 8488 2.66 0.76

7 Linkdping 7084 2.22 1.59

8 Miindal 5790 1.81 0.72

9 Visteras 5616 1.76 1.58

10 Sodertilje 4161 1.30 0.95

Source: Statistics Sweden

Table 3-2 with the highest ranked exporting municipalities also shows a more or less ex-
pected order. Again, Stockholm and Gothenburg are the two highest ranked municipalities.
They are followed by Sodertilje, Kumla, Trollhittan, Mélndal and Vixjo before Malmo.
This might be explained by the location of important multinational companies located in
these municipalities. Another characteristic that all the listed municipalities share is their
well developed infrastructure and closeness to both costumers and transport communica-
tion nodes of different types that are attractive to firms. Sédertilje is located in the crossing
of two European highways and also very close to Stockholm. Astra Zeneca and Scania are
naturally the most important employers. Kumla is the location for Ericsson Mobile Com-
munication, but also inherit a great variety of branches and reaches 6.8 million inhabitants
within a radius of 300 kilometers. It is also closely connected to the Katlstad and Oslo re-
gions. Trollhittan is characterized by high technology companies with the two most impoz-
tant (and world famous) ones being Saab Automobile AB and Volvo Aero Corporation.
Furthermore, several of the most R&D intensive companies in the country are located in
Molndal (Ericsson Microwave Systems, Astra Zeneca Sverige and Astra Tech for instance).
Almost 40% of the employees have some kind of university education, which might be ex-
plained by the closeness to Gothenburg where companies can easily find educated workers.
To be neighbors with Gothenburg also have its logical advantages when it comes to infra-
structure and attraction of firms. Vixjo6 is known for being a trading center. The services
dominate, but forest industry, engineering industry and high technology companies also
characterize the economic life. Sandviken and Avesta have each one extremely important
company in the international market; Outokumpu Stainless Avesta Works with the most

5> Workers with university education of at least three years
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modern and effective manufacturing process of stainless steel in the world and Sandvik
which is a high technology multinational company.

Table 3-2 The municipalities with highest aggregated export value

Rank | Municipality Export value year
2000 (billions)
1 Stockholm 142.99
2 Gothenburg 70.36
3 Sadertilje 43.20
4 Kumila 24.68
5 Trollhattan 23.94
6 Miindal 12.80
7 [ 11.41
Malmo 10.12
9 Sandyiken 9.80
10 Avesta 9.52

Source: Statistics Sweden

The picture changes dramatically when looking at table 3-3 ranking the municipalities with
highest export value per kilo. Only Kumla and Sodertilje from the aggregated export table
are found among the top ten. The rest of the municipalities are very small, and with some
exceptions located in relatively isolated areas. The column with export value per capita also
shows extremely varying numbers between the municipalities. This striking change might
be explained by the fact that one municipality can export an extremely small but still expen-
sive product due to higher production costs in a relatively limited production without
economies of scale characteristics.
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Table 3-3 Export value per kilo

Rank Municipality Export value per kilo Export value per capita
year 2000 (SEK) (year 2000)
1 Osterdker 1198.24 30 868.63
2 Gdillivare 672.15 4 531.18
3 Kumla 551.25 1 544 363.83
4 Salem 456.29 596.00
5 Vingdker 346.07 50 207.84
6 Grstorp 258.55 18 795.44
7 Robertsfors 232.20 134 707.77
8 Botkyrka 174.90 31 481.31
9 Osthammar 172.82 5 429.66
10 Sadertilje 153.55 609 598.55
Source: Statistics Sweden

The following chapter will include an empirical analysis of the importance of human capital
in the Swedish export performance. According to the product cycle theory, Swedish firms
and regions should have an advantage in specializing mostly in product competition, i.e. fo-
cusing on the first phase of the product cycle. This is due to the abundance of educated
workers, the significant investment in R&D and relatively high labor costs.
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4 Empirical Analysis

This chapter describes the data and models used to analyze the importance of human capital in Swedish ex-
port performance.

4.1 Description of Variables

There are of course many different factors that have an impact on the development of the
product cycles, their replacement and following export. This thesis focuses on the impact
of human capital and the accessibility to university and industry R&D. Human capital i.e.
education is carried within the individuals. Many of the well educated workers have studied
in other places than where they work which implies that the human capital is mobile. How-
ever, the assumption is that the individual is less mobile after employment’. The human
capital is here expressed as the number of employees in the private sector with higher edu-
cation’ per municipality. It is probably not until the human capital or knowledge is used in
practice that it has a considerable positive impact. A country can educate a great amount of
individuals but without the possibility to use the knowledge in the production process it is
difficult to measure the effect. This is why this variable is not expressed as the total number
of educated persons or the number or individuals educated in the municipalities, but actu-
ally the employed ones. The problem with this variable is that is does not take into account
the working experience or knowledge from other sources than university education. How-
ever, this kind of human capital is difficult to measure. It is therefore assumed that indi-
viduals (employed in the private sector) with a university education play an important role
in the advanced production processes that are a part of Sweden’s export.

It is also assumed that the possibility to interact is one important factor for development,
innovation and the possible export advantage. This is why the accessibility to university and
private R&D-variables are included. No special account is taken of the presence of univer-
sities and educational possibilities in the municipalities (because of the mobility earlier men-
tioned), the accessibility to R&D seem more appropriate to use in this model. Many of the
new innovations and ideas are results of meetings, face-to-face contacts and seminars etc.
that give the educated workers and also companies a chance to share knowledge and get
new ideas. A presumption is that this is easier in metropolitan areas where also the innova-
tion networks and contact nets are more extended than they might be in more isolated ar-
eas of Sweden. This is why a dummy is included for municipalities with a population larger
than 100 000. However, not all of the companies that invest in R&D report it. It is possible
that some of the efforts put on R&D in the country are not included in this particular sam-

ple.

The thesis focuses on the effect of total accessibility to university and private R&D for
each municipality®. The accessibility-variables are summaries of three levels; local, inter-
regional and national accessibility’. The local accessibility is the least time consuming of the

¢ Once employed, the tendency of mobility is assumed to decrease. After accomplished studies the individual
is assumed to seek a permanent employment

7 Employed individuals in the private sector with a university education of at least three years

8 For those who ate interested in seeing the effect of the variables separated, regression results can be found
in appendix 5. For more extended analyses see Bjerke (2005)or Nygardh (2005)

? For a more thorough definition see Andersson & Karlsson (2004)
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three which implies easy communication and several interpersonal contacts on a daily basis.
This regards accessibility within the municipality. The second definition regards intra re-
gional accessibility, which is more time consuming. The last definition is accessibility to all
other regions for each municipality, which is naturally the most time consuming kind (An-
dersson & Karlsson, 2004).

There are of course many other factors that have an impact on the Swedish export per-
formance, for example; employment density and patenting, but the purpose is mainly to see

the importance of human capital, which is why only the ones previously presented are in-
cluded.

The crosstabulation below show relatively high association between the aggregated export
value and human capital expressed as workers with higher education employed in the pri-
vate sector.

CROSSTABULATION FOR EDUCATED WORKERS AND AGGREGATED

EXPORT VALUE

Count
Educated workers

Low Medium High Total
Aggregated Low 57 31 8 96
export value  Medium 35 39 22 96

High 3 28 65 96

Total 95 98 95 288

N =288 %2 =104.274 Sig.=0.000 df. =4

The second crosstabulation show statistically significant association between export value
per kilo and the human capital variable. However, it is not as high as the association in the
previous crosstabulation. This is somewhat surprising since the human capital is presumed
to have a stronger impact on the export value per kilo than in aggregated export value. A
high export value per kilo is probably characterized by high technology goods, which im-
plies a higher demand for educated workers. (Crosstabulations testing the association be-
tween the independent variables included in the regressions can be found in Appendix 2)

>ROSSTABULATION FOR EDUCATED WORKERS AND EXPORT VALUE

PER KILO
Count
Educated workers
Low Medium High Total

Export Low 44 28 24 96
vglue per  Medium 25 41 30 96
kilo High 26 29 41 96
Total 95 98 95 288

N=288 y2 = 15.120 Sig. = 0.004 df. =4
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As can be seen in table 4-1, the standard deviation of “aggregated export value” is very
high. This is probably an effect of the differences between the larger regions with substan-
tial export that consist of a variety of products, and the smaller municipalities that some-
times only export a very small amount. The standard deviation of “employed educated
workers” is also high, which also might be due to the considerable differences between lar-
ger and smaller regions. The variations between mean and median values are also indica-

tions of a skewed distribution among the municipalities.

Table 4-1Descriptive Statistics

N Min Max Mean Median St. Dev
Aggregated export | 288 884663 142987247335 2503010375 587237022 9990601108
value
Export value per 288 0.32 1198 43 18 97
kilo
Employed educated | 288 13 97681 1108 175 6227
workers

Total accessibility | 288 0.15 3783 264 58 519
to university R&D
Total accessibility | 288 0.01 699 42 13 78

to industry R&D

4.2 Regression Analysis

Two models are tested. First, the dependent variable is the aggregated export value per
municipality where the independent variables are expected to have a positive impact. The
data is from year 2000 except from the accessibility data which is an average between 1993
and 1999". The municipalities Nykvarn and Knivsta were removed from the sample since
they did not exist before 2001. In the second model, the dependent variable used is the ex-
port value per kilo for each municipality while the same independent variables are included.
The importance of human capital is expected to be more significant in the second model
since a higher value per kilo is assumed to be characterized by high technology production
and hence, a higher demand for well-educated labor.

The models used are;
()in Exp,, =a, + B, n(EDU™ )+ B, n(TOTU ™ )+ B, n(TOTI ™ )+ D™ +¢,

(2)InKgExp. . =a, + B, n(EDU™ )+ B, n(TOTU ™ )+ B, In(TOTI™™ )+ D" + ¢,

10" The R&D is assumed to have a positive effect with a time lag
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Variables Description of variables

Exp,. Aggregated export value per municipality, year 2000

KgExp. Export value per kilo for each municipality, year 2000

o Constant

EDU™ Employees per municipality in the private sector' with university edu-
cation of three years or more, year 2000

TOTI™ Total accessibility to industrial R&D per municipality, average 1993-
1999

ToTU™" Total accessibility to university R&D per municipality, average 1993-
1999

D" Dummy for municipalities with a population of > 100 000

€ Stochastic error term; measurement of ignorance

Table 4-2 Regression results, model 1: Dependent variable “aggregated export value” (In)

VARIABLES REG (1) REG (2) REG (3) REG (4) REG(5) REG(6)
Constant 16.587 16.562 15.721 15.610 18.744 19.284
(47.183) (52.483) (54.538) (57.253) (87.394) (143.184)
Employees with 0.729 0.733 0.679 0.715 - -
higher education (In)
(13.093)** (14.743)** (13.292)** (17.275)** - -
Total accessibility to -0.635 -0.633 - - 0.397 -
university R&D (In)
(-5.402)** (-5.424)** - - (7.317)** -
Total accessibility to 0.626 0.623 0.061 - - 0.460
industrial R&D (In)
(5.395)** (5.438)** (1.187) - - (8.750)**
Dummy: Population -0.007 - - - - -
>100 000 (-0.163) - - - - -
Number of obs. 288 288 288 288 288 288
Adjusted R? 0.553 0.554 0.510 0.509 0.265 0.208

Remarks: Standardized beta values are used due to differences in regressor scales. The t-values are shown
within brackets.

** Denotes significance on the 0.01 level

11"The public sector is removed since it is not assumed to export
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Human capital showed positive signs and was significant no matter if the other variables
were included or not. This indicates that human capital has a considerable impact on the
aggregated export, which was also an expected result according to theory. The accessibility
to university R&D though, showed negative signs, which indicates statistical problems
(multicollinearity). A correlation matrix showing correlation with the dependent variables is
found in Appendix 1. The dummy showed a negative sign and was removed before the rest
of the regressions were run. As can be seen from the table, the R? values are high when in-
cluding the human capital variable, which implies a high explanatory level of the model.
When testing the accessibility variables separately, both show significant parameters but not
quite as high as human capital. This indicates that the human capital variable is the most
important even though the others still have a positive effect'”.

As stated previously the dependent variable in model 2 is changed with the intention of

analyzing the impact of human capital and R&D in high value export.

Table 4-3 Regression results, model 2: Dependent variable “export value per kilo” (In)

VARIABLES REG (1) | REG (2) REG (3) REG(4) | REG (5) | REG (6)
Constant 2.709 2.699 2.847 2.562 2.406 2.229
(7.713) (8.5601) (10.368) (25.358) (8.919) (14.297)
Employees with higher -0.094 -0.092 -0.078 - 0.123 -
education (In)
(-1.178) (-1.280) (-1.117) - (2.102)** -
Total accessibility to 0.159 0.160 - - - 0.292
University R&D (In)
(0.942) (0.956) - - - (5.172)**
Total accessibility to in- 0.202 0.201 0.343 0.297 - -
dustrial R&D (In)
(1.218) (1.223) (4.912)** (5.256)** - -
Dummy: Population of 0.004 - - - - -
>100 000 (0.060) - - - - -
Number of obs. 288 288 288 288 288 288
Adjusted R2 0.082 0.085 0.086 0.085 0.012 0.082

Remarks: Standardized beta values are used due to differences in regressor scales. The t-values are shown-
within brackets.

** Denotes significance on the 0.01 level * Denotes significance on the 0.05 level

12 The dummy was also tested alone against the dependent variable with a standardized beta value of 0.333
and a t-value of 5.918 respectively. The adjusted R? was 0.106 in model 1.

The model 2 regression results of the dummy tested alone; Standardized beta value 0.039, the t-value was —
0.658
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The regression results did not indicate the expected higher impact of human capital as was
found in the previous model. The negative sign on the human capital variable indicate sta-
tistical problems since it comes out positive when tested alone against the dependent vari-
able. A correlation matrix including all variables can be found in Appendix 1. Again, the
dummy shows the least significant value and was removed. When tested alone, all three in-
dependent variables show positive impact on the export value per kilo. The most signifi-
cant variable here is the accessibility to private R&D, closely followed by accessibility to
university R&D. The adjusted R*-values are continuously low in all six regressions, which
indicate that the regressors fail to explain a considerable part of the export value per kilo.

The results of the second regression might deserve some further discussion. The results
show statistical significant numbers but the lower R* values in this second model imply that
some more explanatory variables might be preferable. One reason for the lower explana-
tory level might be the fact that the model does not take into consideration the amount ex-
ported, only the value per kilo. The reason why the large cities are not represented in the
left column in the table below might be due to differentiated production and export. The
export from the metropolitan areas most likely consist of both high technology exports as
well as less valuable goods (many different companies exporting various kinds of goods
with different price levels might lower the average). On the contrary, the highest ranked,
and very small, municipalities when looking at the export value per kilo presumably have
one exporting company located in the area. This could for instance mean that some com-
pany in Osteriker exports one expensive product while no other company exports any-
thing that can bring down the average value. If the product is extremely valuable, the trans-
portation cost is not that important in the total value. This might explain the peripheral lo-
cation of some companies and the high value per kilo for some small municipalities.

Table 4-4 Export value per kilo compared with % share of total export (year 2000)

Rank | Municipality | Export value | % share of | Municipality | Export value | % share of total
per kilo total agg. per kilo agg. export

(SEK) export value (SEK) value

1 Osterifer 1198.24 0.13 Stockholm 12.63 19.84
2 Gdillivare 672.15 0.01 Gothenburg 28.04 9.76
3 Kumla 551.25 3.42 Sodertilje 17.13 5.99
4 Salen 456.29 0.01 Kumila 39.92 3.42
5 Vingaker 346.07 0.04 Trollhéttan 48.35 3.32
6 Gristorp 258.55 0.01 Molndal 8.1 1.78
7 Robertsfors 232.20 0.06 Vo 60.02 1.58
8 Botkyrka 174.90 0.31 Malmi 37.9 1.40
9 Osthammar 172.82 0.01 Sandviken 106.38 1.36
10 Sodertditje 153.55 5.99 Avesta 153.55 1.32

Fxnort value ner kilo: Median: 17.79 Mean value: 43.08
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As can be seen in table 4.3, the municipalities with highest export value per kilo are obvi-
ously not the ones exporting the highest % share of the total export value. The only ones
that ca be recognized from the other columns are Kumla and Sédertilje. As can be seen
from the square under the table, the highest ranked municipalities have an export value per
kilo considerably over the mean and median values but still a relatively low % share of the
total export value.

To test the reliability of the models, two additional regressions have been tested with the
human capital expressed as the share of employed workers in the private sector with the
same level of education in the municipalities. These slightly changed models showed more
or less the same results; the human capital variable was the most important one in the
model with aggregated export value as dependent variable. In the second model (with ex-
port value per kilo as dependent variable) the two accessibility variables showed higher sig-
nificance than the human capital. The results of these regressions can be found in Appen-

dix 4.
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5 Conclusions and Suggestion for Future Research

The importance of human capital in modern economies has grown significantly during the
last decades. This is the consequence of the development of the western world countries
from industrial to high technology economies. In line with the product life cycle theory de-
veloped by Vernon, and later Hirsch, the different types of regions have advantages in pro-
ducing in certain stages of the life cycle due to differences in qualifications and characteris-
tics.

Factors that might influence the introduction of new product cycles are among others the
possibilities for regions to adapt to new technology and quickly replace the imports with
domestic production (something that requires educated workers) and accessibility to input
suppliers and consumers. According to Jane Jacobs (in Johansson, 1993) it is the inventive-
ness and adaptability of a country’s city regions that creates the foundation for the future
economic growth and export. In the importing nodes, the innovation and new product cy-
cle processes are much more frequent, which is also why these regions are very important
in the national economic systems.

For a small and highly developed country like Sweden the link between education, re-
sources devoted to R&D and economic development is somewhat obvious. As stated by
Johansson & Karlsson (1991) “The accessibility to high skilled workers has for decades
been very important in the Swedish economic development and there have been an obvi-
ous connection between the educational level and export value”. This is also what the re-
sults in this thesis indicate.

The purpose was to analyze the impact of human capital and total accessibility to both
public and private R&D in the Swedish export performance. This was done by testing the
independent variables against the aggregated export value for each municipality and also
against the export value per kilo for each municipality. The human capital was expressed as
the number of workers with a university education of at least three years employed in the
private sector. From the first model, we can draw the conclusion that human capital is the
most important variable both when tested alone against the dependent variable and to-
gether with the other independent variables. In other words, the access to educated work-
ers is important for Swedish firms and probably something that influence their location de-
cisions. This was also the expected result referring to the product life cycle theory since
Sweden is one of the countries that due to high labor cost and abundance in educated
workers should focus on the first phase in the product cycle to maintain the advantages in
the international market. This implies a high demand for high skilled labor. The differences
in aggregated export value per municipality are significant, as well as expected, due to the
different characteristics of the regions. The highest shares of aggregated export are found
in Stockholm and Gothenburg, followed by municipalities where one or more important
exporting companies are located, or municipalities close to the large metropolitan areas.

The second model on the other hand showed results that were more surprising. The im-
portance of human capital was expected to be more significant in this model since a higher
value per kilo is characterized by high technology production and hence, a higher demand
for well-educated labor. However, total accessibility to industrial R&D was the variable
with highest impact on the export value per kilo, closely followed by the total accessibility
to public R&D. Human capital was the variable with least impact and did definitely not in-
dicate that the importance was greater in the second model as expected before the analysis.
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All three independent variables showed positive signs when tested separately against the re-
gressand.

The conclusion based on these results is that the second model was associated with some
statistical problems and needs to be revised. It would be interesting to see how the analysis
changes when instead using the share of the total export and export value per kilo. It would
also be interesting to test variations in importance of human capital in different exporting
sectors. Another variable that would be interesting to include when analyzing the Swedish
export performance is the quality of schooling (in line with the studies by Kinko & Ha-
nushek, 2000) compared to other countries. Due to the considerable differences in charac-
teristics between the Swedish municipalities, an analysis including European dynamic ex-
port regions instead, more similar to the largest municipalities (Stockholm and Gothen-
burg), would also be of interest.

The results indicate that the human capital is important for the Swedish production and
competitiveness in the world market. To maintain the competitiveness, focus on knowl-
edge based advantages is assumed to be of importance. As stated by “The confederation of
Swedish Enterprises”, a closer cooperation between the universities and the private sector
is important for the supply of workers with education that meet the demand of the private
sector for future international competitiveness. The positive impact of accessibility to R&D
implies that further investments in R&D as well as a continuous work to improve the in-
novation networks and interaction possibilities is preferable.

“Knowledge is the fundamental resource in onr contemporary economy and learning is the most important process”

Lundvall and Johnson, 1994
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Appendix 1

Appendix

Correlations

Correlations

Large pop
Invalexp Inedu Intoturd Intotird (>100 000)
Invalexp Pearson Correlation 1 715 , 3974 ,460™ ,330™
Sig. (2-tailed) ,000 ,000 ,000 ,000
N 288 288 288 288 288
Inedu Pearson Correlation , 715%™ 1 ,607* ,588* ,488*
Sig. (2-tailed) ,000 ,000 ,000 ,000
N 288 288 288 288 288
Intoturd Pearson Correlation ,397* ,607* 1 ,939*% ,251*
Sig. (2-tailed) ,000 ,000 ,000 ,000
N 288 288 288 288 288
Intotird Pearson Correlation 460 ,588*4 ,939*4 1 ,201*
Sig. (2-tailed) ,000 ,000 ,000 ,001
N 288 288 288 288 288
Large pop (>100 000) Pearson Correlation ,330* ,488™ ,251*1 ,201* 1
Sig. (2-tailed) ,000 ,000 ,000 ,001
N 288 288 288 288 288
**. Correlation is significant at the 0.01 level (2-tailed).
Correlations
Large pop
Invkg Inedu Intoturd Intotird (>100 000)
Invkg Pearson Correlation 1 ,123* ,292*4 ,297*4 ,039
Sig. (2-tailed) ,036 ,000 ,000 ,511
N 288 288 288 288 288
Inedu Pearson Correlation ,123* 1 607 ,588* ,488*
Sig. (2-tailed) ,036 ,000 ,000 ,000
N 288 288 288 288 288
Intoturd Pearson Correlation ,292*% ,607* 1 ,939%% ,251*
Sig. (2-tailed) ,000 ,000 ,000 ,000
N 288 288 288 288 288
Intotird Pearson Correlation ,297*% ,588* ,939*} 1 ,201*
Sig. (2-tailed) ,000 ,000 ,000 ,001
N 288 288 288 288 288
Large pop (>100 000) Pearson Correlation ,039 ,488* ,251* ,201% 1
Sig. (2-tailed) 511 ,000 ,000 ,001
N 288 288 288 288 288

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

**. Correlation is significant at the 0.01 level (2-tailed).
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Appendix

Appendix 2 Crosstabulations: Independent variables

'ROSSTABULATION FOR EMPLOYED EDUCATED WORKERS AND TOTAI
ACCESSIBILITY TO UNIVERSITY R&D

Count

Total access. to university R&D

Low Medium High Total
Employed Low 56 29 10 95
educated  Medium 32 37 29 98
workers  pigh 8 30 57 95
Total 96 96 96 288

N=288 y2= 72789 Sig.=0.000  df.=4

ROSSTABULATION FOR EMPLOYED EDUCATED WORKERS AND TOTA

ACCESSIBILITY TO INDUSTRY R&D

Count

Total access. to industry R&D

Low Medium High Total
Employed Low 60 23 12 95
educated  Medium 27 42 29 98
workers  pigh 9 31 55 95
Total 96 96 96 288

N=288 y2= 77430 Sig.=0.000  df. =4

CROSSTABULATION FOR TOTAL ACCESSIBILITY TO INDUSTRY AND

UNIVERSITY R&D
Count

Total access. to industry R&D

Low Medium High Total
Total access. Low 84 12 0 96
to university Medi
R&D unﬁd' 11 72 13 96

High 1 12 83 96
Total 96 96 96 288
N=288 %2= 327,875 Sig.=0.000 df. =4
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Appendix

Appendix 3 Regression results: Model 1&2 without
logarithmic values

()Exp,.. =a, + B.(EDU™ )+ B,(roTU™" )+ B,(TOTI™ )+ D" +¢,

Regression results, model 1: Dependent variable “aggregated export value”

VARIABLES REG (1) REG (2) REG (3) REG (4) REG(5) REG(6)
Constant 7E+008 7E+008 G6E+008 8E+008 -1E+008 -9E+008
(2.953) (3.041) (2.570) (3.948) (-0.224) (-1.816)
Employees with 0.886 0.893 0.901 0.935 - -
higher education
(31.789)** (35.679)** (32.570)** (44.423)** - -
Total accessibility to -0.391 -0.383 - - 0.518 -
university R&D
(-7.829)** (-8.001)** - - (10.233)** -
Total accessibility to 0.416 0.408 0.052 - - 0.640
industrial R&D
(7.864)** (7.995)** (1.884) - - (14,086)**
Dummy: Population 0.013 - - - - -
>100 000 (0.565) - - - - -
Number of obs. 288 288 288 288 288 288
Adjusted R? 0.897 0.897 0.874 0.873 0.265 0.408

Remarks: Standardized beta values are used due to differences in regressor scales. The t-values are shown

within brackets.

** Denotes significance on the 0.01 level * Denotes significance on the 0.05 level
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Appendix

(2)KgExp,,, =a, + B, (EDU™ )+ p.(roTU™" )+ B, (TOTI™ )+ D™ + ¢,
Regression results, model 2: Dependent variable “export value per kilo”
VARIABLES REG (1) REG (2) REG (3) REG 4) REG(5) REG(6)
Constant 35.907 35.834 35.764 43.385 39.162 38.099
(5.394) (5.429) (-5.420) (7.448) (6.104) (5.875)
Employees with -0.136 -0.140 -0.139 -0.017 - -
higher education
(-1.578) (-1.806) (-1.794) (-0.294) - -
Total accessibility to -0.058 -0.062 - - 0.079 -
university R&D
(-0.374) (0.418) - - (-1.347) -
Total accessibility to 0.240 0.244 0.186 - - 0.095
industrial R&D
(1.463) (1.541) (2.404)* - - (1.621)
Dummy: Population 0.007 - - - - -
>100 000 (-0.0906) - - - - -
Number of obs. 288 288 288 288 288 288
Adjusted R? 0.007 0.010 0.013 -0.003 0.003 0.006

Remarks: Standardized beta values are used due to differences in regressor scales. The t-values are shown
within brackets.

** Denotes significance on the 0.01 level
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Appendix

Appendix 4 Regression results: Share of educated
workers

(@)nExp,,. =a, + B, n(SHEDU™ )+ B, In(TOTU ™" )+ B, In(TOTI™" )+ D™ + ¢,

Regression results, model 4: Dependent variable “aggregated export value” (In)

VARIABLES REG (1) REG (2) REG (3) REG 4) REG(5) REG(6)
Constant 26.588 26.666 25.036 25.927 18.744 19.284
(44.145) (47.525) (51.447) (69.437) (87.394) | (143.184)
Share of employees 0.653 0.662 0.608 0.682 - -
with higher education
(In) (11.807)** (13.486)** (12.131)** (15.779)** - -
Total accessibility to -0.636 -0.632 - - 0.397 -
university R&D (In)
(-5.212)** (-5.209)** - - (7.317)%* -
Total accessibility to 0.711 0.706 0.141 - - 0.460
industrial R&D (In)
(5.941)** (5.950)** (2.807)* - - (8.750)**
Dummy: Population 0.017 - - - - -
>100 000 (0.362) - - - - -
Number of obs. 288 288 288 288 288 288
Adjusted R? 0.519 0.520 0.476 0.464 0.155 0.208

Remarks: Standardized beta values are used due to differences in regressor scales. The t-values are shown
within brackets.

** Denotes significance on the 0.01 level * Denotes significance on the 0.05 level
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()i Kerp,. = + B W{SHLEDU™ )1 6, WrOTU™)+ g WlrOTT ™)+ D" 1,

Regression results, model 5: Dependent variable “Export value per kilo” (In)

VARIABLES REG (1) REG (2) REG (3) REG 4) REG(5) REG(6)
Constant 1.741 1.763 2.058 3.544 2.229 2.562
(3.002) (3.204) (4.589) (9.999) (14.297) (25.358)
Share of employees -0.094 -0.090 -0.076 0.100 - -
with higher education
(In) (-1.232) (-1.333) (-1.153) (1.700) - -
Total accessibility to 0.162 0.164 - - 0.292 -
university R&D (In)
(0.960) 0.977) - - (5.172)** -
Total accessibility to 0.193 0.191 0.337 - - 0.297
industrial R&D (In)
(1.167) (1.165) (5.084)** - - (5.256)**
Dummy: Population 0.007 - - - - -
>100 000 (0.100) - - - - -
Number of obs. 288 288 288 288 288 288
Adjusted R? 0.083 0.086 0.086 0.007 0.082 0.085

Remarks: Standardized beta values are used due to differences in regressor scales. The t-values are shown
within brackets.

** Denotes significance on the 0.01 level
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Appendix 5 Regression results with accessibility
variables separated

Appendix

Regression results with accessibility vatiables separated: Dependent variable “aggregated export value”

VARIABLES REG (1) REG (2) REG (3) REG (4) REG (5) REG (6) REG (7)
Constant 8E+008 1E+009 2E+009 2E+009 9E+008 2E+009 2E+009
Employees with higher 0.669 - - - - - -
education
(14.338)** - - - - - -
Local accessibility to uni- -0.198 0.686 - - - - -
versity R&D
(-6.437)*¥* | (15.945)** - - - - -
Regional accessibility to -0.511 - 0.105 - - - -
university R&D
(-8.635)** - (1.792) - - - -
National accessibility to -0.071 - - 0.103 - - -
university R&D
(-2.179)** - - (1.756) - - -
Local accessibility to indus- [ 0.458%* - - - 0.892 - -
try R&D
9.767) - - - (33.429)** - -
Regional accessibility to 0.504** - - - - 0.143 -
industry R&D
(8.405) - - - - (2.448)* -
National accessibility to 0.058* - - - - - 0.052
industry R&D
(1.837) - - - - - (0.877)
Number of obs. 288 288 288 288 288 288 288

Remarks: Standardized beta values are used due to differences in regressor scales. The t-values are show

within brackets.

** Denotes significance on the 0.01 level

* Denotes significance on the 0.05 level
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Regression results with accessibility variables separated: Dependent variable “export value per kilo” (In)

VARIABLES REG (1) REG (2) REG (3) REG (4) REG (5) REG (6) REG (7)
Constant 0.426 3.014 2.934 2.396 3.080 2.989 2.683
Employees with higher 0.309 - - - - - -
education

(1.094) - - - - - -

Local accessibility to uni- -0.400 0.154 - - - - -
versity R&D (In)

(-1.662) (1.494) - - - - -

Regional accessibility to 0.253 - 0.207 - - - -

university R&D (In)
(0.782) - (2.985)* - - - -
National accessibility to 0.008 - - 0.318 - - -
university R&D (In)
(0.032) - - (5.670)** - - -
Local accessibility to indus- 0.037 - - - 0.054 - -
try R&D (In)

0.171) - - - (0.651) - -

Regional accessibility to -0.304 - - - - 0.251 -
industry R&D (In)

(-0.970) - - - - (3.897)** -

National accessibility to 0.488 - - - - - 0.308
industry R&D (In)
(1.979) - - - - - (5.474)**
Number of obs. 288 288 288 288 288 288 288

Remarks: Standardized beta values are used due to differences in regressor scales. The t-values are show

within brackets.

** Denotes significance on the 0.01 level

* Denotes significance on the 0.05 level

33




Appendix 6 Scatterplots: Aggregated export value &
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Appendix

Appendix 7 Comparison between Municipalities

Comparison between % share of total employed educated workers in the private sector; top ten ranked in ag-
gregated export value and export value per kilo

Rank |Municipality % shate of total | Municipality % share of total
employed employed
1 Stockbolm 30.61 Osteriker 0.15
2 Gothenburg 10.53 Gallivare 0.05
3 Saodertilje 4.26 Kumila 0.09
4 Kumila 3.90 Salem 0.03
5 Trollhittan 2.80 Vingdker 0.02
6 Molndal 2.66 Griistorp 0.01
7 Vg 222 Robertsfors 0.01
8 Malmi 1.81 Botkyrka 0.35
9 Sandyiken 1.76 Osthammar 0.11
10 Avesta 1.30 Sadertalje 1.30
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