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Sammanfattning 

Syftet med denna magisteruppsats är att studera huruvida en hög tillgänglighet till 
FoU vid företag respektive universitet genererar exporttillväxt. Denna tankegång 
grundar sig i produktcykelteorin varför även denna uppsats är en analys i dess validi-
tet.  Företag i en region som har stor tillgång till kunskap och forskning bör även 
vara i en frontposition inom export. Denna tillgänglighet har grupperats i forskning 
vi universitet och högskolor eller forskning inom företag. Därtill kan även denna till-
gänglighet indelas vid dess geografiska lokalisering.  

På grund av data som använts vid analysen och dess komplexitet är resultaten troliga-
re en indikation än exakta. Tillgängligheten är tveklöst av vikt för exporttillväxten 
men de olika underavdelningarna skiljer sig från varandra. Företagsforskning tycks 
påverka exporttillväxten positivt oavsett lokalisering. Därtill följer resultaten teorin 
eftersom den externa tillgängligheten till företagsforskningen har en betydligt större 
inverkan än den externa.  

Tillgängligheten till universitetsforskning ger de mest anmärkningsvärda resultaten. 
Utan en statistisk säkerhet kan endast en tendens utrönas. Universitetsforskningen 
ter sig svårare för företag att absorbera oavsett om den utförs inom regionen eller ex-
ternt. Relationen mellan företag och universitet kan antas vara av dubbel natur där de 
å ena sidan påverkar varandra positivt samtidigt som de konkurrerar om samma ut-
rymme i en region.  
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Abstract 

The purpose of this master thesis is to study whether a high accessibility to R&D 
performed by firms and universities respectively generate export growth. This sug-
gestion is founded in the theory of the product cycle why this thesis also scrutinizes 
its validity. Firms in a region which have a high access to knowledge and research 
should have a front position within export. This access can be sub-divided into the 
unit of performance or with respect to the geographical location.  

Due to the data used in the analysis and its complexity, the final result is an indica-
tion rather than precise. The accessibility is doubtlessly of major importance for the 
export growth but the subdivisions give different results. Research performed by 
firms seems to affect the export growth positively irrespective of the localisation. 
Also, the external accessibility to firm research has a larger impact on the export 
growth than if it is performed internally.  

The access to research performed by universities gives the most notable results. 
Without statistical significance a tendency can only be distinguished. The research 
performed by universities seems more difficult to absorb by firms irrespective of 
geographical location. The relation between firms and universities may be two folded 
where it is positive as well as competitive.  
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1 Introduction 

 

The annual report of global competitiveness presents the competitiveness of 104 countries 
in the world. The report 2004-2005 (Global Competitiveness Report 2005) ranks Sweden 
as the third most propitious country with respect to conditions of enterprises, innovations, 
and future economic growth. It is stated in the report that the role of technology in the 
growth process differs among countries. Therefore, the Swedish government will invest 
more than 100 million Sw. cr. into the area of trade and innovations during 2005 (Ministry 
of Industry, Employment and Communication 2005).  

Some characteristics are most certainly essential for the export structure and these are often 
derived from theoretical models but most certainly also from real world factors. Hence, the 
three largest cities of Sweden; Stockholm, Gothenburg, and Malmö are inhabited by close 
to 17 % of the total population and when including the surrounding areas the population 
increases to 50 %1. New products and new techniques are frequently first introduced in 
those areas which could be considered as simply driven by economic factors of demand 
and supply. This implies that the localization is not driven by the regions themselves but 
rather by the characteristics existing within the region. This vindicates an analysis where the 
product development is driven by localisation.   

Firms are generally profit seeking units and search for lower production costs, new possible 
monopoly markets or to get closer to goods used in the production. The presence of these 
three exogenous determined factors might trigger a relocation of the production. However, 
the process could also be endogenously driven in terms of changes in process techniques, 
standardization and a diminishing requirement of a highly skilled labour force. The latter 
would be referred to the product cycle theory developed as a complement to the earlier de-
veloped trade theories.  

The pioneering literature and the subsequent followers within trade theory have not been 
completely homogenous. The well known Heckscher-Ohlin model followed by paradoxical 
theories by Leontief (1953), thereafter, Posner (1961), Vernon (1966), Hirsch (1967), and 
Krugman (1990) have developed the theories of product development in the area of trade. 
However, the lack of homogeneity should certainly not be considered as substituting theo-
ries but rather complementary in order to describe trade, innovation, localisation, and ex-
ports. 

1.1 Purpose 

The purpose of this paper is to analyse whether a high accessibility to input factors of in-
novation produce has an impact on the growth of Swedish export. It is plausible to believe 
that if it is possible to distinguish a relation between the share of high technology produc-
tion and the regional dependence upon innovations as well as export. The results will pre-
sumably provide an interpretation of the export structure and to what extent the product 
cycle theory and localisation patterns matter. A priori, the above mentioned determinants 
of trade, innovation, and localisation are dynamic to their characteristics. Hence, it is not 

                                                 

1 Surrounding areas are in this case the counties of Stockholm, Västra Götaland and Skåne.  
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solely a matter of allocation of resources and this gives the provenience of the present pa-
per.  

An analysis of regions in Sweden could in some respect, stand as a model when widening 
perspectives but the reader should bear in mind that a generalization rarely is optimal. Ele-
ments such as politics, climate, and historical relations all play a major or a minor role in 
the export pattern and these can differ between countries as well as regions2.  

Studying export and innovation is difficult using solely theoretical models but needs a 
quantitative framework supporting the former. Hence, the study will have a regional per-
spective in an attempt to capture the allocation of production, innovation and the relation 
to trade. A national perspective might in some cases be preferred in order to capture an ag-
gregate pattern. But the present paper seeks to link the innovation as a source of knowl-
edge together with the export pattern. When presenting the analysis from a national per-
spective you may lose the connection to the reality and some core issues such as R&D, 
human capital absorption, regional policies and accessibility which all are important in the 
process.        

1.2 Outline    

This paper has been divided into six parts. Chapter 2 contains a chronological outline of 
the development of trade theories followed by contemporary models who can supplement 
the present paper towards the analysis. In order to accomplish the purpose of the paper 
Chapter 3 emphasize the regional perspectives and the dynamics of exports. Chapter 4 is a 
thorough outline of the variables and the step by step development towards the appropri-
ate model. Thereafter, Chapter 5 contains the data analysis including the descriptive statis-
tics, estimations and according to the theory model variations. The final Section draws out 
the conclusion in addition to suggestions for further research omitted by the present paper.  

 

 

                                                 

2 This problem of generalization is neglected in some of the earlier research. Vernon (1966) begins with an as-
sumption that enterprises in all advanced countries have the same access to scientific knowledge and to ab-
sorb these. This is unlikely but of course a necessary assumption in order to carry through some studies and 
in the article by Vernon generalization is somewhat the fundamental principle.  
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2 Theory of Dynamic Export and Localisation Pat-
terns 

The economic literature of international trade is profounded in the sense of numerous con-
tributors. The long time persistent factor-proportions theory (Heckscher-Ohlin) is a con-
venient model but is indistinct to answer underlying questions of trade and how production 
and export are persistent over time (Bowen, Hollander, and Viaene, 1998). Allocation of 
factors of production is important for R&D and innovations but is alone inadequate to en-
circle a localisation pattern and whether it influences the export performance (Krugman 
1991). Therefore, this Section provides an overview of contemporary theories of produc-
tion and export patterns.    

2.1 The Development towards Contemporary Models 

The work by Leontief (1953) points out that it is insufficient to solely concentrate on fac-
tors of production. Rather, production must take place in a certain economic environment. 
This outcome is contradictory to the factor-proportion theory and gave rise to the well 
known “Leontief Paradox”. Thereafter, Posner (1961) extends the discussion when sug-
gesting trade as an exchange of distinct products within the same industry i.e. intra-industry 
trade, not to mistake for inter-industry trade. The former is generally more beneficial than 
the latter since it supports innovation as firms can exploit economies of scale and econo-
mies of scope. This means that firms can improve and standardize their production tech-
niques and increase the production but by economies of scope also diversify their goods of 
production. Four issues could according to Posner (1961) be explained by this; 

First, new products are developed over time and this does not occur simultaneously in all 
locations. Second, it is not only a matter of product development but also a change of pro-
duction processes. This may not have the same implications as a product development but 
anyway affect the behaviour of firms. Third, what are the possibilities to relate this to new 
and external knowledge and technology? Regions differ in their possibilities to produce 
knowledge and in their possibilities to transform these into new innovations3.  Finally, in-
novation may be evenly or randomly distributed among firms which stress the existence or 
non-existence of divisional skewness. 

Vernon (1966) and Hirsch (1967) have developed renowned theories of technology and 
trade comprehensively called the product life cycle4. The model by Vernon depicts a pat-
tern of trade relationships between the product developing segment leader which due to 
standardization, imitation and substitution loses the monopoly position. This introduces 
R&D dependence and consequently an additional dimension to the export patterns.  

Similarly, the theory by Hirsch (1967) points out the uncertainty of the front position at the 
market. It is by no means guaranteed and the product cycle is therefore an illustration of 
the capability of firms to absorb new techniques and adapt to a new competitive situation.  
Accordingly, entry is limited by knowledge rather than by financial considerations. How-
ever, at this stage it is important to mention that a front position often may be desirable 
position but not always the optimal. To be the market leader imposes high costs and a risk 

                                                 

3 This possibility is hereafter denominated as possibility of absorption.  
4 The product cycle theory is described in Section 3.1 in the present paper.  
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to lose the monopoly position. Therefore, a follower position may be beneficial and par-
ticularly if it is a low technology product and easy to imitate.  

2.2 Contemporary Models  

There are various reasons why trade exists and it is not merely dependent upon allocation 
of resources and differences in prices. Dynamic trade theory can be considered as a wide 
group of opinions principally divided into two groups. The theories by Vernon, Hirsch and 
Leontief hold innovation as exogenous where export is influenced by innovation. Thereaf-
ter, theories where the relationship between export and innovation is predicted as dynamic 
have been developed (Lachenmair and Woessmann 2004). 

The contemporary models may be named “new trade theories” since including a geo-
graphical element and throughout modern time the concepts of scale economies, imperfect 
competition, and intra-industry trade have constituted a wide foundation (Krugman 1990). 
Implicitly, these contain differences of determinative factors such as transportation costs, 
policies, tax rate, income distribution, historical relations etc. It is not always possible (or 
optimal) to compete under equal conditions and firms generally face a diversity of demand 
leading to a diversity of supply (Bowen, Hollander, and Viaene 1998). This attracts mo-
nopolistic and oligopolistic behaviour of production as well as of input sources which in-
vites intra industry trade. Here, the location is essential and it may be advantageous to have 
a physical proximity to other producers. This would imply that the influence of globalisa-
tion and the development of ICT, Information and Communication Technology are 
weaker than the benefits of physical proximity5.  

Krugman (1990) argues that increasing returns to scale and reduced transportation costs 
would create incentives to locate where the demand is situated. By this, large regions have 
an advantage in terms of large internal demand and a possibly lower transportation costs. If 
this would be indicative the export patterns should be modelled with dynamic regional 
characteristics rather than the dynamics of the product itself.   

Grossman and Helpman (1991) depict a quality ladder variation where the speed and 
length of the product cycle is determined endogenously.  This is an attempt to combine the 
factor proportions theory, the product cycle, and a profit seeking model. Entrepreneurs 
seek to re-enter the market of a product and a higher speed of imitation would signify less 
time to achieve a monopoly. Therefore, a region with a high share of R&D would pre-
sumably have a high share of high technology products and therefore also highly values ex-
port. By this not stated that the export would be quantitatively larger. Since Grossman and 
Helpman omit the possibility of an entrepreneur not to increase the product value. There-
fore, the model also lacks the dynamic pattern of R&D. Serious attempts to map these re-
gional dynamics along the product cycle have been executed resulting in models based on a 
race of patents (Stadler 1991). If innovators seek the monopoly position at the market the 
R&D spending increases until a level where one of them succeeds. These results are not di-
rectly related to what extent export depends upon innovations. Rather, the speed of the lat-
ter is of major importance to determine the former.   

 

                                                 

5 This is a theory not consistently accepted among researchers. Communication costs have decreased which 
may imply that the demand for face-to-face spillovers decrease as well. 
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2.3 Empirical Research 

The product cycle phenomenon has been tested empirically a numerous times but existing 
studies tend not to reckon innovation as endogenously related to export (Lachenmair and 
Woessmann 2004).  

Gagnon and Rose (1992) seek to discover whether a trade surplus (or deficit) of a certain 
commodity will be persistent over a long period of time on the Japanese-American market. 
This could bring indicative results since the product cycle theory argues the opposite. This 
could grasp a dynamic behaviour but the outcome of the study is the opposite. However, a 
study such as the one performed by Gagnon and Rose solely include the clockwise cyclical 
behaviour omitting the counter-clockwise behaviour. Performing the study differently 
would introduce a further perspective where firms return to their origin due. The reasons 
are immeasurable but this does not immediately give them less importance (NUTEK 
2005). 

So, the theories of innovations and trade are dispersed or at least complementing and 
enlarging each other. Despite there is little homogeneity there is little to argue about that 
trade as well as technological change have increased dramatically over the past decades 
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3 R&D, Localisation, and Dynamic Export Patterns  

The product cycle theory is rather frugal since it omits factors such as R&D dynamics. 
Therefore, the main characteristics of the product cycle depicted in this Section will be fol-
lowed by complementary determining factors of the export patterns by firms.   

3.1 Product Life Cycle Theory 

The central issue of the product cycle theory is the timing of innovation. Distinctive phases 
can be distinguished containing more or less innovation which theoretically determines the 
export patterns. Hence, it can be summarized such as a dynamic chain of events where the 
product initially has a competitive advantage based on its specific characteristics.  

Principally, the competition shifts from quality to driven by the price and this is illustrated 
in Figure 3-1. This is guided by limited and specific local demand where the innovator 
achieves a monopoly position due to low price elasticity, and non standardized production 
(Karlsson & Larsson, 1989). The monopoly situation may lead to economies of scope 
where it is more efficient and less costly to produce two variations of a product than pro-
ducing these in two specialized firms (Carlton and Perloff, 1999). Economies of scope arise 
in a similar manner as economies of scale and may be important in order to introduce and 
incorporate incentives of product development (Krugman, 1990; and Grossman and 
Helpman, 1991).   

The phases of conceptualization and creativity are not static conditions but rather the be-
ginning of a progressive cycle since the production technique develops along product 
maturation. A process of product diffusion may be due to a patent expiration and if con-
sumers attach little importance to the product origin the market can expand from demand 
and supply perspectives. Competitors seek to imitate the production and consumers seek to 
substitute it. Accordingly, when the product matures the standardization can be realized 
and such process implies a loss of market shares by the original producer when competi-
tion is driven by prices.  

 

 

 

 

  

 

 

 

 

 

The original firm has, at a phase of obsolence a variety of possibilities. First, it could close 
down the production. Second, reorganize the production by for instance an internal or ex-
ternal relocation, a change of suppliers, or entering a new market. Third, it could increase 

Conceptualization Creativity Growth  Maturity Obsolence 

Figure 3-1  Different Phases of the Product Life Cycle  
Source: Karlsson (1988)  
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their product value and maximize utility over time. Consequently, maintenance or an in-
crease of their innovative activity is, ceteris paribus, the only solution to recapture an advan-
tage as a progressive form.  

The product cycle is a solid theory as long as frontrunners not only tend to be first on the 
market but also have a tendency to maintain their position (Besedeš and Prusa, 2003). 
However, this perspective constitutes a major weakness. A firm without a leader to follow 
may find it difficult to employ the right proportions of factors of production with the risk 
to end up with a rigid production process and an inferior market position (Klein, 1973). 
Thus, entering the market as number two may be profitable indicating that the product cy-
cle needs complementary tools that can handle the dynamic characteristics of firms.  

3.2 Localisation of Firms 

The product cycle implicitly indicates the presence of externalities which advocate a re-
gional analysis. Note that the regional perspective does not signify the characteristics by the 
region itself but rather the sum of the located firms.  

The internal economies of scale arise as a consequence of a technological feature of a firm 
(Johansson and Karlsson, 2001). The constant threat of monopoly loss pressures firms into 
a search of maintaining their positions. It might be apprehended as a counter-argument to 
the product cycle while it is merely a statement that the theory solely deals with product 
development and can say little about firm behaviour and the export patterns. 

Therefore, the reciprocal relationship between firms and their vicinity is two-levelled. First, 
firms have to be able to implement their innovative incentives and increase the production 
value. Second, a well-functioning network has to exist within the region but also between 
the regions in order to facilitate the technological diffusion i.e. external economies of scale 
Antonelli (1995)6.  

In consequence, the coexistence of firms may be easier facilitated by larger possibilities to 
substantiate technological networks. Therefore, an advantageous location may be derived 
from possibilities to absorb output of other R&D producing units.  

Cooperation between firms should be higher within the region compared to those located 
outside. Here, the definition of a region is arbitrary and a firm located near the regional 
border can have relations with firms located in the adjacent region as well as to firms inter- 
regionally located. This is a palpable complexity since borders can vary in dimensions. 
Hence, transaction costs not solely have to be the actual cost of transportation but also ob-
stacles such as language, culture, frequency of trade, and the distance sensitivity of the 
product (Johansson and Karlsson, 2001).  

Given this, a firm located in a large region possesses an advantage in terms of networks 
and internal demand. In opposition, smaller regions should easier initiate a region-wide 
network while they have a smaller internal demand but a relatively large external demand.  

 

 

 

                                                 

6 Antonelli accounts this as technological districts but may also be considered dynamic regions.  
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3.3 Localisation and R&D Spillover 

The creation of knowledge should not be considered as a static process but rather a firm 
resource which is causal and rests on the assumptions of knowledge spillover outlined ear-
lier. Griliches (1979) stress knowledge spillovers as beneficial when transferred between 
firms with similar production. This is extended by Karlsson and Manduchi (2001) who em-
phasize the inconstancy of knowledge simply due to imperfect protection of patents etc. By 
this, it is not an astounding statement that the flow of knowledge would be easier facilitated 
within smaller geographical distances (Krugman, 1991). Despite this, the advantages pre-
sumable go beyond costs of transportation. If firms in a region have similar production 
they have a competitive relation and by that facing the risk of transferring business secrets. 
Instead, advantages are derived from external economies of scale, attracting new firms to 
the region which overrides the problem of negative transfers (Antonelli, 2002). Hence, if a 
firm considers the knowledge in a region as highly attractive, the cost would assumingly in-
crease the further away it is located.  

Consequently, the geographical concentration of this kind is a matter of increasing returns 
such as internal and external economies of scale, initially presented by Marshall (1891). By 
taking external economies of scale into considerations the incentives by firms may be easier 
to depict and as a consequence complementing the frugality of the product cycle. 

Naturally, more recent researchers have extended the analysis by Marshall and have aban-
doned industries as playing the most essential role. The relation between export and R&D 
would be better analysed when deriving the advantages of external economies of scale. 
These could be functional regions where the access to R&D varies along the infrastructure 
(Johansson and Karlsson, 2001).  Accordingly, these can be referred to as increasing re-
turns where the accessibility affects the production of technological knowledge (Feldman 
and Audretsch, 1999). So, if the phases of conceptualization and creativity generally contain 
a relatively high share of high technology it would assumingly be beneficial to locate where 
the accessibility is high. Then a market leader can maintain its position.   

3.4 Technology and Innovation  

Whether a firm seeks to introduce an external new technology or to refrain may have a va-
riety of reasons with varying results.    

There is a resolute coherence that innovative activity requires human capital. So, the en-
dowments could shape a strong localisation pattern explaining diversities between regions 
(Antonelli, 1995). Despite this, measuring the technological change is not a straight forward 
procedure but a matter of distinguishing between product and process innovation. Phras-
ing it differently, a firm seeking to maintain a market position should focus around the 
value of the product itself rather than improving the production technique7 (Johansson and 
Karlsson, 1991).  On the contrary, a process innovation is a refining of the production 
technique and has an impact on the formation of prices while generally not affecting the 
product value. By this, maintenance of quality could prevent a decrease in export and a stiff 
competition.   

                                                 

7 This was already discussed in Section 2.2 as an alternative to the product cycle theory presented by Vernon. 
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3.5 The Dynamics of Exports 

Klein (1973) stated that a low capacity to exploit possibilities clearly will lower the exports. 
If the product development initially uses high technology it would be plausible to stress 
that regions with high technology production also have a high share of export (Sanyal, 
2004)8. It is inconceivable to believe that all innovations affect the exports equally but by 
refining the product and/or the production technique the individual firm has the possibility 
to increase their market shares in terms of a larger variety of products or an increase in 
quantity of the existing product. Then, if the export is dependent upon technology, the 
geographical differences could be interpreted as differences between regions and are most 
probably due to a skewed distribution of knowledge. This would explain why high-value 
products have few supply locations and many external demand locations (McCann, 2001).    

Furthermore, the relation between innovation and export depends upon the sector where it 
is introduced. Some activities are more amenable to new technology compared to others. 
Krugman (1990) argues that a high technology industry have a higher productivity than a 
less advanced but the productivity advantage will be smaller if the industry has a slow tech-
nical development. Therefore, the comparative advantage of an industry is not a static con-
dition. Instead, it is a product based relation illustrated in Equation 3-1 (Krugman, 1990).  
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−=              (3-1) 

Where, aj(z) and ai(z)  are the amounts of labour required to produce good (z) in country (i) 
and( j). The rate of technological development, (gz) within product (z) can also be referred 
to as the technology intensity. It has already been stated but the adoption process differs 
between locations and this is illustrated by the subtraction in brackets. Hence, (λii.j) repre-
sents the years behind the adoption frontier. In this case, the comparative advantage of the 
productivity dynamics will increase jointly with (g). 

The demand of a product from a particular firm increases if the technology develops as 
long as the firm can adapt to it which would be a favourable for the front runner expressed 
in terms of higher export share. Here, it would be appropriate to stress the role of firms 
importing to the region. An expansion of R&D and innovations may be realised by the ex-
porting firms but the presence of the importing firms constitutes a competition where the 
expansion may be derived from. 

In order to formalize an export growth model it would be essential to consider the import 
demand from locations outside the region. Simply stated, the export of a region is depend-
ent upon regional but also the income at the external location in addition to other eco-
nomic factors of interest rate and the local currency. Accordingly, it is possible to express a 
long run export demand function as in Equation 3.2. 

       

η

ε














=

f

i
i

eP

P
bZX                      (3-2) 

, where Xr is the regional export, Z denotes the income in the rest of the world from the 
perspective of region i, ε is the world income elasticity for the goods produced in region i, 
η is the price elasticity of demand for the exports of region r by the rest of the world 

                                                 

8 Prabuddha Sanyal (2004) dedicates the study to bilateral trade, not the regional perspective.  
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(McCann, 2001). Export is then dependent upon the relative prices with respect to fluctua-
tions of the currency. When taking the natural logarithm and differentiate with respect to 
time the expression is presented in Equation 3-3.  

      





−−+=

•••••

fii pepZX ηε       (3-3) 

 The growth rate at time t is now expressed as iX
•

. If extending the perspective and con-
sidering that export of a region is rather unaffected by the expression in brackets, describ-
ing the impact of the relative prices, is rather small. This is supported by Kaldor (1996) 
who stresses that the growth of export is solely explained by the income elasticity, ε . How-
ever, the size of this would largely be a matter of the capability of innovative absorption of 
the manufacturers in the exporting region. Regions are primarily price takers and receive 
prices set by oligopolistic industries. Second, regions have little capability to moderate cur-
rency fluctuations. Finally, the spatial factors such as transport costs are assumingly rather 
static which implies stable nominal prices between regions. The countries in the rest of the 
world can be assumed as having constant characteristics towards the exporting country. 
Therefore, the rest of the world income is the same for all regions in a country and Z may 
be considered as a constant. Consequently, the long run export expression is compressed 
to Equation 3-4.  

ε=
•

iX  ( )iEiEiIiI HKDRHKDRf ,&,,&=ε    (3-4) 

Here, ε is a function of the accessibility to knowledge produced in firms (R&D) as well as 
knowledge produced by universities (HK). Note, that the subscripts I and E illustrate 
whether it is produced internally or externally. Therefore, the regional characteristics can be 
assumed to determine the growth of export in that particular region.    

3.6 The Case of Sweden 

Sweden can be subdivided into 81 LA-regions9. Stressing the importance of functional re-
gions by Johansson and Karlsson (2001) such division would be favourable. The external 
interactions go beyond the municipality borders and an analysis of the urban and rural dis-
trict would presumably not be sufficient. The LA regions containing the three largest cities 
in Sweden (Stockholm, Malmo, and Gothenburg) are populated by almost 38 % of the to-
tal Swedish population but do only occupy a bit more than 4 % of the country area (Statis-
tics Sweden). Stockholm is the leading region in Sweden in terms of economic growth and 
numerous industries have located their main activity there. This could be explained by in-
ternal- and external economies of scale which is stressed in a report by the Regional Plan-
ning and Urban Transportation (1998). However, this report also states that the differences 
between larger regions such as Stockholm, Gothenburg, and Malmo and the smaller re-
gions in Sweden create dynamic consequences. Hence, a pattern similar to the product cy-
cle theory can be distinguished. Consequently, firms in Stockholm face a large internal de-
mand, the attractiveness of economies of scale, and a skewed distribution of R&D. This 

                                                 

9 Lokala Arbetsmarknadsregioner i.e. Local Labour Market  Regions. Calculated from commuting times by 
labour Source: Statistics Sweden (2005) 
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DEMAND 

INTERNAL 
CONSUMPTION 

EXTERNAL 
CONSUMPTION 
/EXPORT 

INNOVATIONS 

Price↑↓ 
Quantity ↑↓ 

Figure 3-2 Demand-Innovation-Export Relations,  by the author 

would presumably result in a high rate of new product introduction in these particular re-
gions of Sweden and therefore also a positive growth of the export value per kilogram, 
v.p.kg. 

3.7 Summary of Consolidations 

The purpose of this paper is to distinguish the relation between R&D, innovation, localisa-
tion, and export. All this can metaphorically be summarized as; 

“A software product development requires an R&D culture, market intelligence, skills to develop 
userfriendly software and documentation, availability of funds and special marketing skills” 

   Mehta 1998,  A Time for Consolidation 

, where the software industry is a typical high technology industry. By this, the possibilities 
to innovate and absorb external innovations vary across industries and therefore also across 
regions. This combines the spatial perspective with the dynamics of trade. Clearly, the va-
lidity of the following statements will be applied in the analysis; 

� Firms located in a large region 
generally have a higher access to 
R&D such as universities and 
private research institutes 

� Firms located in a large region 
have a larger internal- but a lower 
external demand 

� Firms located in a large region 
generally have a high value pro-
duction  

� Subsequently, exporting firms in 
a large region should have a 
higher value per weight unit but 
not necessarily larger quantity in 
relative terms. 

Figure 3-2 illustrates that innovations 
can be driven by demand within the 
region or from external regions. The 
relation could be the opposite where 
demand is driven by the innovation even though this assumingly is a rather small num-
ber. Hence, an innovator seeks profits and is therefore driven by demand. If there is a 
demand it would probably be between innovations and external demand rather than in-
ternal demand. An entrepreneur has much to gain if settling down where the demand 
exists and where there is a sufficient infrastructure and financial support (Anthony, 
D´costa, and Sridharan, 2004). Then, it is likely that the product cycle theory quantita-
tively has validity and that the regions of Stockholm, Gothenburg and Malmo has a 
high share of export due to their high share of localisation of R&D, international net-
work and a large internal demand.    
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4 Accessibility and Export Variable Outline 

 
The preceding part has illustrated the relation between the export and access to R&D in a 
theoretical manner. Below, these arguments will be supported by a formal model in order 
to apply it empirically.  
 

4.1 Accessibility  

Spatial data contain a complexity that is not present in temporal data and this will pre-
sumably bring more exhaustive results and an opportunity to scrutinize the product cycle. 
Firms located in a region are most likely affected by the R&D localised in the municipality 
and in the region but also by the R&D externally located. Accordingly, the relation between 
firms and R&D would decrease simultaneously with the distance (Getis, Jesús, and Zolle, 
2004).   
 

To what degree a firm is affected by internal and external R&D should highly be dependent 
upon the possibilities to adapt and this has been outlined in the theory above. Modelling 
this relationship has been performed earlier on a municipality level in Sweden calculated as 
commuting times 1990 and 1998 (Gråsjö, 2005);  

( ) ( ) ( ) ( )inniiii

D

i cfDRcfDRcfDRcfDRA &.......&&& 2211 ++++=  (4-1)  

 
, where R&D is the access to research and development of region i and ƒ(cin) is the function 
that signifies the relation between the access to an opportunity and the cost of attaining it. 
However, if a firm would have a constant absorption possibility irrespective of the type of 
innovation, an innovation located closely would be more attractive than an innovation fur-
ther away. So the reciprocal relationship between firms and external sources of innovation 
decreases with distance and is therefore an exponentially distributed variable and may take 
the following form (Andersson and Karlsson 2003; Karlsson and Manduchi 2001);  
 

( ) { }ijij tcf λ−= exp         (4-2) 

Here, λ represent the external regional R&D characteristics which have to be multiplied by 
t in order to capture the distance sensitivity. Consequently, the accessibility should be a 
function of the sums of internal and external accessibility and is illustrated as an exponen-
tial function where firm opportunities are negatively related to the distance;  
    

 { }
ijj

D

i tDRA λ−Σ= exp&        (4-3) 

 
The data of the present paper will be divided into LA-regions which are preferable since it 
contains numerous zeroes on a municipality level10. Clearly, the definitions of accessibility 

                                                 

10 The municipality level may in some cases be preferable since it may capture and estimate the local effects 
but this is not the main purpose of the paper.  
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and regions are arbitrary but according to the concept of functional regions outlined by Jo-
hansson and Karlsson (1991), and functional districts by Antonelli (1995), the accessibility 
has to do with the time distance from a particular region. The municipalities within the re-
gions can behave as nodes such as junctions. These determine the level of interaction and 
exchange of products, knowledge, technology and information. Consequently, the time dis-
tance highly depends upon the infrastructure. In the case of Sweden it might be possible to 
assume that the communication networks between particular sparsely populated regions are 
developed to a less extent. Hence, the accessibility in these regions should be relatively 
smaller than in the regions more densely populated.         
 
Since regions vary in size and composition of production the export variable would best be 
reflected as the value per kilogram rather than the absolute value. Therefore, the growth of 
export is calculated as an absolute change in the export per kilogram between 1997 and 
200311.  
 
Note that absorption possibility varies among sectors and firms. Clearly, a firm or a sector 
with a low dependence or absorption possibility on new technology will most probably be 
marginally affected by new knowledge. Also, if a firm has absorbed and adapted a new 
technology it might not instantaneously be reflected in the export v.pkg. Rather, if a firm 
increases the export it may primarily be an increase in the export recipients or in the num-
ber of goods exported (Krugman 1990, McCann, 2001).    
 

4.2 Export 

 
Since, firms assumingly have cross-border relationship as well as internal interactions these 
would be of interest to disentangle. It is plausible to believe that a large region has an ad-
vantage in terms of internal demand and external economies where the latter is a definition 
of external economies (Johansson and Karlsson, 2001). A large region has a large internal 
network whilst small regions have to go beyond the regional border in order to create these 
scale advantages. Hence, the relationship between the value of the exports and the regional 
accessibility to R&D activity can be presented as in Equation 4-4.  
 

   ( )iEiEiIiIii HKDRHKDRfAX ,&,,&*=      ( 4-4) 

 
Where R&Di signifies the accessibility to firm expenditure on research and development, 
and HKi represents the accessibility to university research and development. The subscripts 
indicate whether the R&D source is located in the region or not. Internal, denotes the 
R&D located in the municipality itself as well as the R&D in the LA-region which it be-
longs to12. Contrary, R&D located externally, E, is the accessibility outside the LA- region. 
Consequently, the total accessibility is described as in Equation 4-5.  
 

   ( )AiAii HKDRfAX Σ+Σ= &*        (4-5) 

 

                                                 

11 The analysis has been restricted to this time period solely due to limits in data accessibility.  

12 In order to sum regions accessibility it was necessary to use a weighted average with respect to the popula-
tion size in all municipalities in the LA-region.  
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It has to be stressed that accessibility for a firm is arbitrary since if located in a large region 
the accessibility is larger by definition. Therefore, the variable has been calculated as a 
weighted average towards the municipality population and thereafter summed up as the ac-
cessibility in the region. Also it could assumingly be considered as constant with very small 
fluctuations over time.  

Furthermore, revising the theory by McCann, high-value products having few supply loca-
tions and many external demand locations would describe the product diversity of a region. 
This may affect the export value in a region but the causality is theoretically more credible 
the other way around, the export value determining the product diversity.  

Enlarging the regions in the model from municipalities to LA-regions has the obvious ad-
vantage of reducing the number of zeros and could be useful when the desirable would be 
to use a Cobb-Douglas function. However, an aggregation still contains zeroes. Taking the 
variables into account, the stochastic form may be represented as;  

  

iiiEiEiIiIi uDHKDRHKDRX ++++++= 744321 && αααααα    (4-6) 

                                    (+)                      (+)                  (+)                    (+)                (+)           (+) 
 
Xi :         Xt+1/Xt , the growth of export value per kilogram between 1997 and 2003 
R&DIi :  Access to research and development performed by firms within the LA-region includ-

ing the accessibility within the municipality.  
HKiI :  Access to research and development performed by universities within the LA-region  
 including the accessibility within the municipality.  
R&DiE : Access to research and development performed by firms outside the LA-region. 
HKiE :  Access to research and development performed by universities outside the  LA-region.  
Di :  Dummy variable; 1 = LA Stockholm, Gothenburg, Malmo  ;   0 = Otherwise 
 

The growth of export is in this thesis presented as the quota between export value per kilo-
gram 2003 and that of year 1997. This is since a number of LA-regions have had negative 
export growth in the case of the point. Negative values restrict the possibility to avoid a 
non normal distribution by taking the logarithm. Calculating the export growth as a frac-
tion instead of absolute change has implications and should considered in the analysis.  The 
accessibility to knowledge produced by firms as well as universities should affect the 
growth of export value per kilogram (v.p.kg). Whether there is an impact or not should be 
independent of whether it is located internally or externally. However, the research per-
formed within the region should have a higher impact then the amount available externally. 
This may be due to distance and transportation costs but also differences in culture and 
language13. Despite this assumption of an overall and general positive impact it has to be 
stressed that all the knowledge available to firms in a region is not strictly bounded to firms 
or to universities. When knowledge is spread between regions it may be connected to indi-
viduals and therefore not absorbed by the present data set.  
 
Equation 4-6 is extended by a dummy variable that would absorb the effect by the regions 
that by definition attract R&D and are natural initial markets for new products.  
 
 

                                                 

13 Evidently, the language borders are small between regions in Sweden but the cultural borders cannot be 
completely omitted even though these may attached to individual firms rather than a cross-regional phe-
nomenon.  
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 Table  5-1 Descriptive Statistics 
  

5 Data Analysis 

Here, the data will be analysed through the model elaborated in the previous Section. In 
order to survey the data set the descriptive statistics will initially be outlined and thereafter 
followed by the estimations.   

5.1 Descriptive Statistics 

The summary statistics of the variables in Equation 4-6 are displayed in Table 5-1. The 
rather large number of negative values of the export growth should be taken into consid-
eration. Additionally, even though the data has been computed into LA regions the number 
of zeroes would restrain a procedure using a Cobb-Douglas function.  

The large differences between the mean and the median in all the variables of accessibility 
indicate a skew distribution between regions especially of the access to university research 
and development. This may illustrate a large division between cities with and without a re-
gionally located university. To what extent this is related to the export growth pattern will 
be scrutinized below when the analysis will be preceded.  
 

 

 
In order to state the distribution of the variables, the studentized residuals are primarily 
scrutinized graphically. In order to create an overview, the accessibility variables are aggre-
gated with respect to whether performed by firms or by universities. The aggregated regres-
sion is estimated and Figure 5-1 is a normality plot of the studentized residuals obtained by 
the estimation14. When the observations cluster around the normality line they can be con-
sidered as normally distributed. This is not the case for the unmodified current variables.  
To treat the regions of Stockholm, Gothenburg and Malmo as extreme outliers contain, by 
this graph, little sense and a dummy corresponding to the three largest cities may be possi-
ble to. However, a capital of a nation and the cities in a similar size contain particular char-
acteristics such as high turnover of labour, high share of immigrants. These are also factors 
of other cities but they are presumably exceptional in the chosen cities. Hence, since a re-
gion of that sort has frequent interactions with the surrounding world they may advantage 
the most of new innovations.  

                                                 

14 The studentized residuals are here preferred since they have a unit variance. The standardized residuals 
would give a similar result but not exactly the same (Gujarati, 2003).  

 Min Max Mean Median Std. Dev 

Growth in export 
v.p.kg 1997-2003** 

0.14 10.78 1.96 0.98 1.31 

Internal access to 
R&D* 

0 366.05 14.02 0.64 51.30 

External access to 
R&D* 

0 83.32 11.73 3.23 18.73 

Internal access to 
HK* 

0 1922.53 102.60 0.18 367.05 

External access to 
HK* 

0 462.57 64.27 16.02 107.08 

* Variable based on  Equation 4-1 
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Figure 5-2a Display of  Variable Distribution; Total R&D 
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Performing a log-transformation is an appropriate procedure in order to produce values 
closer to a normal distribution and by that reducing the variance heterogeneity. Hence, 
omitting the dummy and taking the logarithms on both sides;   

iEiEiIiIi HKDRHKDRX ln&lnln&lnln 44321 ααααα ++++=     (5-1) 

Figures 5-2a and b are ocular presentations of the logarithm of the summarized accessibility 
variables. According to the non linear pattern it may be difficult to interpret the theory out-
lined above. In both cases the observations are widely spread with a number of outliers. 
However, the export growth seems to change pattern when having an accessibility to firm 
and/or university research above zero.  Before the zero point a negative pattern can be dis-
tinguished for both independent variables but a positive relationship may be difficult to 
support. Clearly, up to an accessibility of zero the export exists by definition which is a 
statement supported by the product cycle theory. Hence, a low technology product needs 
less accessibility and can be produced in large quantities. On the contrary, when a region 
gets enough access it will increase the export due to this. The difference is that the produc-
tion will largely be based on technology and smaller quantities. By inserting a dummy for 
the values above zero for lnR&D and lnHK respectively this problematic situation might be 
solved. However, the attempts were ineffective and gave highly insignificant results.  
 
 

 
      

 

 

        

 

 

 

 

Figure 5-1 Q-Q Normality Plot of Studentized residuals  
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Figure 5-2b Display of  Variable Distribution; Total HK 
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* Correlation is significant at the 0.05 level (2-tailed)  
** Correlation is significant at the 0.01 level (2-tailed)     

Table 5-2 Correlations between variables presented in Equation 4-6* 

Table 5-2 is the correlation matrix demonstrating the pair-wise correlations of the variables 
in Equation 4-6. The correlations in parenthesis are those for the logarithm values of the 
same variables. A number of regressors appear to have high intercorrelations. This would 
be for the two internal accessibilities and the two external accessibilities. Clearly, this is 
most probably a result of causality within regions and a possible interaction between firms 
and universities. It is conceivable to believe that a university with prominent research has a 
spill over effect to the rest of the region. Large university cities such as for instance Upp-
sala, Linkoping, and Lund most probably attract firms that can take advantage of the uni-
versity research. The result may then be that a region with a high accessibility to external 
university research has a high accessibility to external firm research. Following the assump-
tion of internal multicollinearity the external correlation would be a natural result.  

All the correlations between the original variables and the dependent variable are negative.  
However since this test for multicollinearity would be most appropriate for normally dis-
tributed data it is not reliable. When taking the natural logarithm of the variables all except 
external R&D change signs from negative to positive correlations. However, neither of 
those particular results is significant at the 0.05 level and should therefore be applied with 
care.    

 

 

 

 

 

 

 

 

 

 

An alternative presentation may be obtained if aggregating the accessibility with respect to 
the unit of performance access to university- or firm knowledge or by location i.e. internal 
or external accessibility. The former would omit the impact of whether it is located within 
or outside the region but while the latter overlook whether it is located at firms or universi-
ties. Concentrating on the unit performance would support the theory that the regional 
borders in Sweden may not be the core of the matter. A non-integration may rather be pre-
sent between industries and firms rather than between regions and cities. Hence, it would 
not be a spatial issue from a geographical perspective but from a firm cultural resulting in a 
lack of knowledge spillover. The setback might be that sub-dividing the data into units of 
performances.  

The correlations between the aggregated accessibilities with respect to geographical loca-
tion are displayed in table 5-3. The level of significance is not really agreeable but it does 
indicate that this variation of the accessibilities do not suffer from multicollinearity.   

 

 

 

 Export  
growth(ln) 

Internal  
R&D (ln) 

External   
R&D (ln) 

Internal  
HK (ln) 

External 
HK (ln) 

Export  
growth (ln) 

1 -0.055 
(0.165) 

-0.102 
(-0.014) 

-0.064 
(0.015) 

-0.105 
(0.015) 

Internal  
R&D (ln) 

-0.055 
(0.165) 

1 0.151 
(0.213) 

0.827 
(0.708**) 

0.326** 
(0.179) 

External  
R&D (ln) 

-0.102 
(-0.014) 

0.151 
(0.213) 

1 0.240* 
(0.211) 

0.877** 
(0.930**) 

Internal  
HK (ln) 

-0.064 
(0.015) 

0.827 
(0.708**) 

0.240* 
(0.211) 

1 0.295** 
(0.096) 

External  
HK (ln) 

-0.105 
(0.015) 

0.326** 
(0.179) 

0.877** 
(0.930**) 

0.295** 
(0.096) 

1 
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Table 5-4 Correlations between aggregated accessibilities;  
unit performance 

Table 5-3 Correlations between aggregated accessibilities;  
geographical location 

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

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

 

 

 

 

 

 

 

 

Table 5-4 shows the aggregated accessibilities with respect to where it has been performed. 
Clearly, the two variables of accessibility seem to explain similarities. When estimating the 
auxiliary regression of total HK and total R&D the mean value of the residuals is 0.0017 
which is rather close to zero. This indicates that the firm based knowledge is comparable to 
the knowledge based at universities. Hence, the stochastic value of firm access is similar to 
the expected value of access connected to universities.   

 

 

 
Export  

growth  (ln) 
R&D (ln) HK (ln) 

Export  
 growth (ln) 

1 -0.083 
(-0.120) 

-0.084 
(-0.122) 

R&D (ln) -0.083 
(-0.120) 

1 0.882** 
(0.937**) 

HK (ln) -0.084 
(-0.122) 

0.882** 
(0.937**) 

1 

 

       

5.2 Model Estimation 

The variables have above been scrutinized in order to capture their characteristics, and pos-
sible pitfalls15. Model 1 in Table 5-4 is the logarithmic variation of Equation 4-6. It should 
have been preceded by the original regression but when applying Klein’s Rule of Thumb16, 
none of the variables in the original equation are significant. However, this is not a surprise 
bearing in mind the result of the normality plot of the studentized residuals and the correla-
tion table. Model 1 does not result in significant values apart from the access to internal 
R&D. So, a pure logarithmic variation, keeping the original regressors seems to be insuffi-
cient. The dummy representing the largest cities in Sweden seems to have only a minor im-
pact and it is not statistically significant. Hence, in the following models Stockholm, Goth-

                                                 

15 The variables have been tested for heteroscedasticity by Whites´s test in Eviews. However, this appeared to 
have very little impact on the final result. There is no obvious theoretical support for a highly varying vari-
ance among regions and the result is therefore not surprising.  

16 If the number of degrees of freedom is more than 20 and if the significance is set at 0.05, then the null hy-
pothesis α2= 0 can be rejected if the computed t-vale exceeds two in absolute values (Gujarati, 2003).   

 

 
Export 

 growth (ln) 
Internal  (ln) External (ln) 

Export   
growth (ln) 

1 -0.064 
(-0.027) 

-0.106 
(0.025) 

Internal (ln) -0.064 
(-0.027) 

1 0.299** 
(0.198) 

External (ln) 
-0.106 
(0.025) 

0.299** 
(0.198) 

1 
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   Table 5-5 Regression Results   

* Where D1 represents the dummy for the three largest cities Stockholm, Gothenburg  and Malmö.  
** Where D2 represents the dummy for the cities having a population larger than 200 000.  

enburg and, Malmo will not be distinguished. Model 3 is an attempt to capture the impact 
of the access to research with respect to the unit of performance. However, the results of 
table 5.4 indicated that those two aggregated accessibilities suffer from multicollinearity and 
the results are not satisfying. Model 4 is a variation of the previous and attempts to capture 
the aggregated external and internal accessibilities. Even though the regressors do not seem 
to suffer from multicollinearity the dependent variable is not affected by them in a signifi-
cant manner.  

So, it seems like the theory of the aggregated accessibilities can be rejected in the way they 
are performed in the present paper. Model 2 would therefore, with thoughtfulness be the 
most preferable. Hence, in model 5 the access to internal university research and develop-
ment is eradicated. The university research might be less flexible than that performed by 
the sector involved directly in an industry. The external university access appears less valu-
able than the internal which most probably is a geographical issue and the distance can be 
considered as a value reducing factor. Model 5 is therefore omitting the external access to 
university research. The other regressors then become significant apart from the internal 
access to university research.  

 

Variable  
(t-value) 

Model 1 Model 2 Model 3 Model 4 Model 5 

Constant 
-0.403 
(-2.319) 

-0.410 
(-2.396) 

0.063 
(0.324) 

-0.314 
(-2.965) 

-0.384 
(-4.056) 

lnInt  
R&D 

0.157 
(2.689) 

0.149 
(2.702) - - 0.151 

(2.874) 

lnExt 
R&D 

0.068 
(0.996) 

0.063 
(0.944) - - 0.074 

(2.874) 

lnInt 
HK 

-0.022 
(-0.655) 

-0.021 
(-0.650) - - -0.023 

(-0.732) 

lnExt 
 HK 

0.006 
(0.075) 

0.013 
(0.181) - - - 

lnTot.  
R&D - - -0.010 

(-0.124) - - 
lnTot.  

HK - - -0.024 
(-0268) - - 

lnTot. 
 external - - - 0.073 

(2.552) - 
lnTot. 

internal - - - -0.011 
(-0.503) - 

D1* 
-0.148 
(-0.482) - -  - 

  D2** 
-0.361 
(-1.745) 

-0.395 
(-2.054) 

0.028 
(0.113) 

-0.060 
(-0.296) 

-0.399 
(-2.122) 

R2 0.385 0.101 0.015 0.099 0.380 
Adj. R2  0.270 0.287 -0.023  0.054 0.307 

 

 

Both internally and externally located research and development by firms have a positive 
impact on the growth of export value per kilogram. Hence the internal is naturally to a 
large extent easier to adapt by exporting firms in the region. This is most probably also a 
matter of distance, firms barriers and a sluggish pace of knowledge spillover. The dummy 
variable indicating regions with more than 200 000 inhabitants is significant but also nega-
tively related to the dependent variable.  
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Even though the regressor of access to internal human capital is highly insignificant the 
sign of it is noteworthy. In case of this being reliable it implies that access to this type of 
research would negatively affect the export.  

Taking into account the theory outlined in previous chapters a low adjusted R2 should be 
expected. A variety of other factors determine the growth of export value per kilogram 
such as political interventions, bilateral agreements, taxes, import, fluctuations in the ex-
change rate market etc. In the present case the model explains about 30 % of the growth of 
export value per kilogram. Hence, since not all variables are significant it should be inter-
preted with care.    

5.3 Model Variations 

The theoretical part of this paper would allow variations in the dependent variable of 
growth of export v.p.kg. The effect of R&D on the export does not necessarily have to be 
reflected in a static manner and neither one-dimensional. This implies that the product cy-
cle theory can have numerous empirical applications. If a firm has a high accessibility to 
R&D, either internally or externally, it may lead to new innovations or new production 
techniques. By that, it is not stated that it immediately is reflected in the export value. 
Rather, it may be reflected as an increase of the number of products exported or the num-
ber of export recipients (McCann, 2001, Krugman, 1990). Subsequently, this Section is a 
brief discussion about variations while the detailed analysis is an issue for future research.  
 
Abandoning the dependent variable of export v.p.kg signifies an attempt to capture 
whether the impact of access better is reflected in a different manner. Therefore, the rela-
tionship may be explained the number of recipient locations. It would especially be the case 
when the value of export per kilogram, compared to the transportation costs, is high and 
export is profitable. This variable may not explicitly determine the export value but rather 
indicating the composition of the accessibility available for the region.  
 
It may also be described as an intertemporal increase of the product supply. This replace-
ment rests on the assumption that a region having a higher accessibility to R&D is reflected 
in the variety of goods and may indicate if a region produces high value products (McCann, 
2001). A high technology product should have fewer productions sites due to the incapac-
ity among competitors to imitate. 
 
Figures A-1a and b in the appendix display scatter plots of the aggregated accessibilities 
against the dependent variable of export recipients. Here the dependent variable is calcu-
lated in the same way as the original export value per kilogram i.e. the ratio between the 
year 2003 and in year 1997. This way of handling the data is simply a way to circumvent 
data problems of negative values. It appears like the variance is heterogeneous along the 
horizontal axis. The spread seems to decrease when the log of total R&D exceed zero. Ta-
ble A1 demonstrates the correlations between the disaggregated regressors and the de-
pendent variable of export recipients. Similarly, Table A2 presents the variable distribution 
of total firm accessibility when the dependent variable is changed to the growth of product 
diversity.  
  
Subsequently, Figures A-2a and b in the appendix present the scatter plots of the second 
variation; number of exported products. The relationship does not seem to be linear and 
needs to be scrutinized further in order to draw any conclusions. However, the purpose of 
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this chapter is not to completely analyse the data but rather an attempt to emphasize the 
possibility to substitute the original dependent variable. 
Clearly, the correlation matrices A-1 and A-2 demonstrate nearly the same numbers which 
were presented in correlation matrix Table 5-2. The striking result is rather the sign of the 
correlations towards the dependent variable. Compared to the original model, these model 
variations indicate positive correlations to all the independent variables. Consequently, ac-
cess to research and development performed internally as well as externally affect the num-
ber of export recipients and the supply of exported products positively. However, these 
parallel model variations need to be examined further in order to draw any significant con-
clusions. Therefore, it is a matter of future research.   
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6 Conclusion and Future Research 

Spatial data implies dynamics but sometimes also complications and complexity. The pur-
pose of this paper was to analyse whether the export growth is affected by R&D and 
whether it matters if the source of knowledge is localised internally or externally. The prod-
uct cycle theory states that the initial period of a new product is generally high technology 
intensive. Consequently, those regions with a high accessibility to research and develop-
ment should have a relatively unique production which is difficult to imitate. The result 
would by theory be a higher export.  

Estimating the aggregated variables with respect to the geographical location seems to have 
little significance. Clearly, the spatial factor is to some extent valuable to take into consid-
eration.  There is not an obvious pattern that it would be solely a matter of an overall ac-
cess that affects the exporting firms. The hypothesis that the barriers are larger between in-
dustries and individual firms than between regions can partly be rejected. Particular busi-
ness cultures and competitive spirits may create the condition of a sluggish flow of knowl-
edge but it may also create a business environment built on competition.  

The multicollinearity between the firm- and university accessibilities should be rather 
straight forward to interpret. The knowledge produced in a region by, for instance universi-
ties derives possibilities for the knowledge production within firms. Hence, the amount of 
firm research has empirically a determined expected value at each level of university re-
search. So, even though they are multicollinearity they presumably have a symbiotic rela-
tionship which is emphasized by the non significant results when omitting one of them.  

The internal accessibility to university research tends to have a negative effect on the 
growth of export v.p.kg.  Primarily, this may be a result of barriers between firms and uni-
versities. The possibility to adapt to new knowledge should be easier firm to firm than uni-
versity to firm.  The research performed by firms may in general be better adapted to the 
demand for innovations. On the contrary, the research taking place at universities may be 
more difficult to adapt due to non perfect response to the demand. So, if there is a scarcity 
of resources in a region a high level of university research may restrict the research at firms. 
Thus, it would rest on the assumption that the cultural borders are more difficult to sur-
mount than the geographical. However, the variable of access to internal university re-
search is not significant and is therefore not reliable to draw any conclusions from. But it 
can anyway be treated as an indication of the tendency.  

It has to be reflected upon that an increase of the export value per kilogram is complex to 
analyse. The present paper accounts it as a ratio between t+1 and t and an increase of the 
ratio indicates an increase of the export value per kilogram in 2003 compared to that of 
year 1997. However, it is not possible to determine whether this is an increase of the abso-
lute export vale or if it is a decrease of the weight of it. This is left for future research to 
disentangle.  

The access to externally located university research was eliminated in the final model. It is 
therefore not possible to observe any cross regional impact. As above-mentioned, it is 
plausible to believe that firms easier adapt to research performed by other firms, perhaps 
within the same industry. Also, Universities and firms in a city often have a mutual rela-
tionship and mould each other. This would for instance hold in Linköping where the uni-
versity is a frontrunner within technology which also holds for the business environment. 
Therefore, external regions may be less affected since they concentrate on different indus-
trial areas.   
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The access to internal R&D as well as the external R&D are positively relate to the original 
dependent variable. Nevertheless, they do not appear to affect it to the same extent. If the 
access to internal R&D increases with one unit the export vale per kilogram increases by 
approximately 0.15 which would be twice as much as if the access to external R&D would 
increase by the same amount. As mentioned earlier this should foremost be a result of geo-
graphical distance. Research performed by firms in a region should most likely first spill-
over to firms in the same region. The spatial effects may then seem rather powerful even 
though communication networks also can be created cross regionally.  

The model has been tested with two types of dummy variables. One captured the effect of 
the three largest cities and one solely focused on regions with a population larger than 
200 000. The latter appears to have a negative effect on the dependent variable. This may 
indicate the strength of the smaller regions which may inhabit the largest share of produc-
ing firms and therefore also a large share of the export. The share of firms within services 
may be larger in the largest cities compared to smaller. Therefore, the dummy becomes 
negative.  

Today, technology and globalisation increase and they presumably facilitate trade and the 
creation of networks. Therefore, the accessibility concept may lose some of the importance 
when only speaking about small distances. If the concept of integrated markets are imple-
mented, over time the power of accessibility may be fading and the main focus of policies 
should be somewhat revised. It is difficult to resist the maximising behaviour of firms. In-
stead of trying to keep the low technology production in a region it might be better to in-
crease the value of it.   

So through the theory and by the empirical part it is essential to stress that even though 
Sweden and other high technology countries generate impressive performances it might 
not always be appropriate to consider certain countries or regions to perform systematically 
better than others. A captured monopoly status has to be maintained over time. If the ini-
tial innovator has the willingness to devote further investments a systematic pattern might 
be distinguished. Otherwise the export pattern may turn out negatively.  

Variations of the dependent variable is an area of research left to the future and has in the 
present paper solely been introduced in order to find explanations for the highly insignifi-
cant results. This may also be explained by the relatively short time period. An increase ac-
cess to R&D and/or human capital may suffer from a time lag in due to firm’s incapacity 
to immediately adapt to new inventions.  

However, the export v.p.kg may not be the most appropriate indicator since it presumably 
suffers from a long time lag. Also, it would be of interest to scrutinize the product compo-
sition in the particular regions observed before and after the minimum point in Figure 5-2a. 
Hence, some industries may have a higher sensitiveness to innovation while other indus-
tries largely stand unaffected. Additionally, it would be indicative to study the ratio of im-
porting companies in a region since they assumingly force the pace of innovation.  

So, the absorption possibility should be of importance and have a positive impact. Theo-
retically, this can be explained by the product cycle theory. When access increases, by for 
instance more competitors in the vicinity, a firm that is incapable to follow will loose mar-
ket shares. This is why adaptability may be considered as a comparative advantage. Thus, 
the only way to maintain a front position at the market would be when the absorption- and 
adaptation possibilities are high. However, the result should be interpreted with care. Other 
regional factors may be essential in order to take advantage of the particular access.  
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Figure A-1a ;Regressand variation; number of export recipient. 
Regressor; total R&D  

 

 Table A-1 Correlations- Model Variation; Export Recipients 

Figure A-1b; Regerssand variation; number of export recipients. 
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Figure A-2b; Regerssand variation; number of exported products. 

 Regressor; total HK 

Figure A-2a ;Regressand variation; number of exported productes. 
Regressor; total R&D  

 

 Table A-2 Correlations- Model Variation; Exported Products  

* Correlation is significant at the 0.05 level (2-tailed)  
** Correlation is significant at the 0.01 level (2-tailed)     
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