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Abstract

Economic geography is an important subject for policymakers when it comes to technological

change and as development of Industry 4.0 is an important topic, the subject will only

increase in importance. The purpose of the study was to map and analyse the spatial

distribution of Industry 4.0 innovation activity in Sweden from 2017 to 2023 with the

objective to find major innovation hubs and construct a patent dataset representing Industry

4.0 innovation. Earlier research suggested that the innovative activity should be clustered

around the major metropolitan areas as they possess the necessary externalities. Theory

further suggests that outliers in the data can be found in proximity to nearby universities or

firms with high R&D investment. The findings show that the distribution mostly follows the

expected pattern with some localised innovation hubs depending on the analysed variable.

Policymakers can use these findings to understand the spatial properties of Industry 4.0 to

make regional policies more effective.
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1. Introduction

“No other technological innovation in human history has affected the practice of geography

in such a profound way as the computer. It has drastically transformed both geography as an

academic discipline and the geography of the world” (Sui & Morrill, 2004, p. 82).

Industry 4.0 is a coined term which originates from the trade fair in Hannover in March of

2011 (The Hannover Messe 2011) and was the start of an initiative by German scholars to

implement extensive AI, automatisation, and other technological paradigms into various

industries. The initiatives cornerstones were to (i) implement significant changes in

productions systems across all industries following the disruption of the common business

models that would not be able to incorporate the new technology, (ii) create a paradigm shift

from closed communities to open communication and information flows to decrease the

spatial dependence of firms and industries, and lastly (iii) to change the economic behaviour

of actors due to the enhanced Information-Communication Technology (ICT) as well as

production technology (Cole, 2023; Fraske, 2022; Naban & Tampubolon, 2022).

The first industrial revolution took place in the late 1760s and started with the invention of the

steam engine and was followed by many mechanical innovations that caused an increased

production and labour productivity (Brynjolfsson & McAfee, 2014; Naban & Tampubolon,

2022). The second industrial revolution started towards the end of the 19th century and

introduced mass production and clear division of labour in manufacturing through inventions

regarding electrification, petroleum, and steel components. The third and latest industrial

revolution began at the same time as we entered the information age, i.e., in the latter half of

the 20th century, and it was mainly influenced by the extensive development of computer

technology as well as ICTs, which was some of the main contributors to the increased

productivity and complexity of production (Naban & Tampubolon, 2022; Pozdynakova et al.,

2019).

Prominent throughout each of the industrial revolutions is urbanisation, firm agglomeration in

urban areas, the creation of clusters with the altering of distribution of various economic

activities. Clusters are a result of innovation externalities and knowledge spillover, both
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between and within industries and has been ascribed as a key factor in regional development

(Bjerke, 2012; Götz & Jankowska, 2017; Wixe, 2016). Many scholars attribute the appearance

of Industry 4.0 to clusters due to their ability to support, facilitate, and stimulate knowledge

fostering new ideas (Götz & Jankowska, 2017; Fraske, 2022; Bai et al., 2020). The

relationship between clusters and innovation is mutual as clusters promote innovation and

their externalities create clusters. It is therefore important to analyse the spatial distribution

and concentration of innovation activities in an area as it is one of the bedrocks of cluster

development and regional development (Fornahl & Brenner, 2009).

Furthermore, Industry 4.0 is generally viewed by scholars as the beginning of the fourth

industrial revolution which is characterised by innovations regarding cyber-physical systems,

the Internet of Things (IoT), Big data, automatisation, 3D technologies, and other efficient

communication networks, i.e., integration of between the physical and virtual (Naban &

Tampubolon, 2022). Although, there is no specific classification nor strict definition on what

should be viewed as a Industry 4.0 related innovation, making it difficult for policy-makers to

estimate market shares as well as effectively analyse the impact of national and regional

funding programs (Fornahl & Brenner, 2009; Naban & Tampubolon, 2022).

In Sweden, various national and international funding programs have been initiated such as

the IoT Sweden programs assigned to Uppsala University, Malmö Energy Lab assigned to

Malmö University, SEMLA assigned to KTH Royal Institute of Technology, Swedish Cloud

of Clouds programme assigned to Ericsson AB, and the FP7 funding programme initiated by

the European Commission to name a few (European Commission, 2024; Vinnova, 2024;

Grillitsch, 2019). Although many programs with the objective of Industry 4.0 related

development are being conducted there is insufficient literature in connection to geographical

distribution and concentration of Industry 4.0 of Sweden in recent years (Chabanyuk, 2020;

Axelsson, 2016). This is not the case for the overall distribution of technological development

in Sweden. The overall patenting pattern, often used as a proxy for technological change, in

Sweden suggests a transformation from large region dominance to a more even distribution in

the last two decades (Lundquist & Olander, 2007; Svensson-Henning, 2009; Axelsson, 2016).
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“Computers have fundamentally changed not only how geographers study the world, but also

what we study, as spaces and places, natural and human landscapes, are constantly being

refigured by computers” (Sui & Morrill, 2004, p. 82).

Important to point out is that in order to investigate the new properties of a digital economic

geography, it is essential to divide and examine the impact of the fourth industrial revolution

on subareas and not on the geographic system as a whole (Ash et al., 2018). Furthermore, it is

essential to divide the geographical effects and industrial effects when analysing Industry 4.0

as it makes more sense to link the earlier Industry 4.0 innovations to the debate on industry

level while newer innovations can quickly alter geographical distribution (Ash et al. 2018;

Fraske, 2022).

Research has shown changes in the spatial implications of economic activity from the fourth

industrial revolution from its disruptive power to reshape and significantly change the view on

distances and locations (Haefner & Sternberg, 2020; Boschma & Martin, 2010). As Industry

4.0 connects the physical and virtual spaces creating a fundamental impact on many scales of

geography and the distribution of knowledge (Strange & Zucchella, 2017), it has become

increasingly important for policy-makers to have a spatial understanding of the knowledge

distribution when making decisions (Haefner & Sternberg, 2020; Njøs et al., 2020; Fraske,

2022). The role of economic geography is crucial for both policy-makers as well as private

actors as it provides valuable and usable insights into the spatial integration and distribution

of economic activity, regional growth and disparities, and knowledge patterns. This is a

necessity for policy-makers as an understanding of the current spatial dynamics will provide

instruments to build tailored policies aimed at regional challenges (Pablo-Martí &

Arauzo-Carod, 2020; Brakman et al., 2020). For private market actors and scholars, economic

geography is a vital concept to analyse as it reveals the complex interactions between

economies, knowledge creation, and the occupation of the actual physical space (Brakman et

al., 2020).

The purpose of this thesis is to study and understand the distribution of Industry 4.0

innovation in Sweden as measured by published patents. The study will identify major

knowledge hubs and frontrunners of the new technological paradigm in connection to the

fourth industrial revolution to help policy-makers and scholars understand and further study
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the distribution, concentration, specialisation and potential possessed by Swedish regions. The

thesis will perform a spatial analysis and regression analysis to detect the spatial pattern of

Industry 4.0 innovations in Sweden to fulfil the purpose.

1.1 Research Question

In order for this thesis to fulfil the purpose an attempt will be made to answer the following

research questions:

(i) What is the geographical pattern of Industry 4.0 innovation in Swedish municipalities?

(ii) Are there any significant Innovation hubs in Sweden for facilitating Industry 4.0

innovation?

1.2 Limitations

This thesis is limited to analysing the spatial distribution of patents with geographical

application data located within a Swedish municipality and with at least one inventor with a

valid address in Sweden. The thesis has a strict time frame from 2017-2023 imposed in order

to stay relevant to the current state of Industry 4.0 innovations and to provide new and useful

insights.

The thesis will be limited to its own view of what should be counted as a Industry 4.0

innovation due to lack of classification. The choices for Industry 4.0 patents in the data will

be linked to earlier research.

The thesis will deal with the modifiable areal unit problem (MAUP) by using the original

point data for most of the analysis and in order to mitigate the three larger metropolitan areas

in Sweden the data will be converted into municipality level (Wong, 2009). This will help to

identify more regional knowledge hubs and provide robust spatial analysis. For comparison

data from both metropolitan and municipality level will be shown. The areal units will be

strictly based on the boundaries from Statistics Sweden and The Land Survey (Lantmäteriet).

The choice to analyse at the municipality level will further mitigate MAUP in order to give
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policy-makers both reasonable units and a fair view of where patents should be credited in

order to adjust policies fairly (Comber et al., 2022; Wong, 2009).

The usage of patents has many shortcomings (extensively discussed in the data section of this

thesis). The main problems with patents faced by this thesis is that most innovations are not

published as patents for competitive reasons, most patents are connected to commercial

products, and not all innovations are patentable (Malecki, 2021; Fornahl & Brenner, 2009).

1.3 Disposition

The remaining sections of this thesis will be structured as the following: Section 2 discusses

relevant literature accompanied by theoretical frameworks on the thesis subject in order to

gain an understanding of the existing research. Section 3 provides the different methods as

well as research philosophies used in order to answer the stated research questions. Analysed

hypotheses will also be stated in this section. Section 4 will present the findings and

estimations from the statistical and non-statistical tests of the empirical study. Section 5 will

offer an analysis and discussion of the empirical estimations and findings provided by section

4. Section 6 will present the drawn conclusions of the paper and provide some policy changes

that might suit the results of the paper.

2. Literature Review

In order to give a robust and furnished foundation for the investigation on the subject of

Industry 4.0 and economic geography, several previous scientific papers will be reviewed.

The collection of scientific papers were delimited to English written, peer-reviewed journal

articles with a few exceptions of books covering theories and some methodology as well as

earlier master theses. In cases where the article could be deemed non-peer reviewed, several

other articles have been used to strengthen the drawn conclusion.

The prominent search engines utilised for the literature search have been Scopus, Wiley

Online Library, Web of Science, and Primo which is the library channel of Jönköpings
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University. The prominent keywords and phrases in the search for literature were: “Industry

4.0”, “Clusters”, “Regional technological development”, “Economic Geography”,

“Knowledge/innovation activity”, “Innovation/patent distribution”, and “Innovation hubs”.

2.1 Agglomeration Economies

The concept of agglomeration economies arises from the benefits people and firms get from

being located in the same proximity, e.g., in cities, municipalities, regional clusters, and

industrial districts (Glaeser, 2010; Wixe, 2016). The idea of agglomeration economies and in

general economies of scale is the increased output in relation to the input. Causing greater

productivity levels resulting in agglomeration of knowledge and innovation (Castellano et al.,

2023, 1920; Neffke et al., 2011; Wixe, 2016).

There are mainly three factors that explain the agglomeration of knowledge into the same

proximity. First, matching labour markets enables large labour supply to support clusters

through specialised inputs and skill-matching. Second, the sharing of valuable inputs,

suppliers, and other indivisible factors, i.e., attractive urban amenities depending on the

market actor proximity preference. Third, knowledge spillover, i.e., the exchange of ideas

intra- or inter-cluster in order to facilitate innovation (Castellano et al., 2023; Duranton &

Puga, 2004; Wixe, 2016; Krugman et al., 2020: Glaeser, 2010).

The advantages of agglomeration economies have been rigorously studied across many

subareas within economic geography especially when looking at innovation and technological

development. In this literature two main types of externalities will be assumed. The first type

is Marshall-Arrow-Romer externalities (MAR externalities). The benefits of MAR

externalities arise from the strong specialisation of a location taking full advantage of labour

market pooling, input-output systems, and knowledge spillover (Castellano et al., 2023;

Brakman et al., 2020). The second type is Jacob externalities which are juxtaposed with MAR

Externalities but focus on the gain from the diversity of economic activity in a region. Jacobs

externalities are a key factor in promoting and facilitating innovation activity across areal

boundaries as knowledge accumulates from a diverse bundle of knowledge (Jacobs, 1969;
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Castellano et al., 2023; Romer, 1986; Glaeser, 2010; Neffke et al., 2018; Brakman et al.,

2020).

2.2 Geography of Innovation

The concentration of tech clusters provides crucial externalities to new technological

innovations as the adaptability of these regions increases greatly. These regions are often the

larger metropolitan areas, suggesting that Industry 4.0 innovations should be found in these

areas as it can be argued that Industry 4.0 as technological development can greatly benefit

from being facilitated in the larger urban locations (hUallacháin, 2002; Lundquist et al., 2017;

Cioffolilli & Muscio, 2018; Malecki, 2021). Benefits of agglomeration are widely established

and larger urban areas are anticipated, ceteris paribus, to host larger proportions of

agglomeration as well as adaptability in relation to smaller and rural areas. Although, not all

larger metropolitan areas are identical and still host innovative differences (Bettencourt et al.,

2004; Malecki, 2021).

Innovation can reduce transportation costs thus diminishing urban amenities and advantages

that industrial clusters supply, but clusters are still important innovation hubs for Industry 4.0

due to the knowledge spillover they provide. Innovations tend to cluster together especially in

the presence of innovations/knowledge hubs due to the interactive externalities provided by

the geographical proximity, therefore Industry 4.0 patents should be expected to cluster

around innovation hubs (Götz & Jankowska, 2017).

Another crucial factor for the geography of innovation is the level of research and

development (R&D) expenditures. The R&D investment significantly influences the number

of granted patents in both private firms and research institutes. The relationship between

scholarly R&D and nearby companies is connected demonstrated by the impact of knowledge

spillovers on innovation activity. Proximity is vital in the exchange of knowledge, often

requiring firm interactions consequently innovations tend to cluster geographically, leading to

different types of innovation clusters depending on regional specialisation (Bolivár-Ramos,

2017; Götz & Jankowska, 2017; Bettencourt et al, 2007).
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The idea behind regional innovation systems (RIS) is interconnected between innovation

studies and economic geography to describe the connection of innovation, inventors, various

stakeholders, and geographical location (Chaminade et al., 2018). RIS can help policy-makers

to identify innovation hubs and major inventors in a given area as it analyses the interactions

between innovation actors on a regional level. RIS provides a unique understanding and

comparison of the innovation distribution across regions and often shows innovation systems

where innovation tends to cluster in large metropolitan areas (Chaminade et al., 2018;

Bettencourt et al., 2007; Bolivár-Ramos, 2017).

Other trends discovered by RIS are the positive relationship between the presence of

innovation hubs (such as science parks, universities, high region innovation investment) and

the innovation activity in nearby actors (Chaminade et al., 2018, Murat et al., 202; Glauber et

al., 2015). In many cases, areas with the most innovation activity after the largest metropolitan

areas are cities with research-intensive universities, or R&D-intensive firms (Malecki, 2021;

Fritsch & Slavtchev, 2007; Glauber et al., 2015). As the knowledge spillover from these

innovation hubs spreads to inventors and firms in the proximity causing higher innovation

output.

2.3 Technological Innovation in Sweden

The previous pattenting observed in Sweden closely follows the expected pattern from

geographical innovation theories presented in the section above as the majority of innovation

activity is concentrated in the three major metropolitan areas. The three metropolitan regions

show relatively high Herfindahl-Hirschmann index value suggesting a somewhat concentrated

patenting behaviour (Chabanyuk, 2020; Axelsson 2016; Ejermo, 2009). The Industry 4.0

funding program FP7 from the European Commission somewhat followed the expected

pattern as the majority of the Swedish funding went to the Stockholm region while the

western and southern regions received sufficiently smaller proportions. Therefore, the

expectation is that Eastern Sweden should anticipate more Industry 4.0 innovation activity

(Cioffolilli & Muscio, 2018; Chabanyuk, 2020).
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The concentration of Industry 4.0-related innovations in Sweden has been observed to stack in

the larger regions with the existing literature tending to analyse specific sectors or

technologies (Axelsson, 2006; Taalbi, 2014; Sjöö 2014; Cioffolilli & Muscio, 2018). For

example, innovation output by the ICT (seen as a part of Industry 4.0) sector has been

rigorously studied and points towards a pattern that during the beginning of a new

technological paradigm innovations tend to distribute and cluster around the largest city.

When the paradigm matures, innovations start to concentrate in other large urban areas, and

lastly in smaller regions (Ejermo, 2009; Ejermo, 2004; Axelsson, 2016; Lundquist & Olander,

2007; Svensson-Henning, 2008).

Sweden continuously ranks highly in various global innovation indices, e.g., Sweden ranked

second in the Global Innovation Index 2023 (WIPO, 2023). Sweden has since the start of the

fourth industrial revolution been one of the frontrunners for technological change, and as

innovation tend to cluster together the main innovation clusters are Stockholm, Göteborg and

Malmö, which have a large share of the published patents (Schön, 2009; Shabanyuk, 2020;

Svensson-Henning, 2008; Cioffolilli & Muscio, 2018; Ejermo, 2009).

The Swedish RIS has been discussed above with the three largest metropolitan areas being the

main innovation hubs for knowledge production. There are differences between these hubs as

each of them are resided in different parts of Sweden, i.e., Stockholm in eastern Sweden,

Malmö in southern Sweden, and Göteborg in western Sweden (Schön, 2009;

Svensson-Henning, 2008; Ligenzowska, 2016).

Northern Sweden is sparsely populated, receiving insufficient funds and having low research

employees (Ligenzowska, 2016; Fedorov, 2012). There is one research-intensive university

for technology in Luleå (Luleå technical university). Northern Sweden does not provide

sufficient factors for accommodating Industry 4.0 innovation and it is seen in patenting

patterns (Shabanyuk, 2020; Cioffolilli & Muscio, 2018; Ligenzowska, 2016; Fedorov, 2012).

The innovation output of Southern Sweden is embedded in Skåne county and specialised in

knowledge-intensive industries accommodating 6 universities, Lund University being the

most renowned (OECD, 2024; SCB, 2018; Swedish Higher Education Authority, 2024).

Furthermore, many research centres such as science parks are located in the south of Sweden
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facilitating the innovation of firms contributing to high R&D investment (OECD, 2024;

Ligenzowska, 2016; Chabanyuk, 2020). Together with the discussed spillovers from R&D

and research institutions the southern regions of Sweden should be able to provide a positive

environment for Industry 4.0 innovation.

Western Sweden is one of the most innovation active regions in Europe, accommodating two

of the most research-intensive universities (Gothenburg University and Chalmers University)

in Sweden as well as large Industry 4.0 firm applicants in Volvo (European Commission,

2024; Ligenzowska, 2016; Chabanyuk, 2020). The west region is heavily investing in Small

and Medium-sized Enterprise innovation and interactions (European Commission, 2024).

Western Sweden has behind eastern Sweden the most research expenditure per capita,

numbers of employees in research facilities per capita, and number of granted patents per

million inhabitant. The highest innovation output from the west of Sweden is within

knowledge services , and automotive manufacturing (Ligenzowska, 2016; Fedorov, 2012).

This contributes to western Sweden facilitating the necessary factors for Industry 4.0

innovation activity.

Eastern Sweden has the most well-funded regions and the highest level of granted patents and

research employees. The Stockholm region is educational dense housing a large number of

higher education institutions (most renowned being Stockholm University, Uppsala

University, and The Royal Institution of Technology) and technological dense,

accommodating the largest ICT clusters and one of the frontrunners of innovation activity in

LM Ericsson AB in Sweden. This is linked with the high innovation output by the region and

positive climate for Industry 4.0 development (Ligenzowska, 2016; Fedorov et al., 2012;

Axelsson, 2016; Lundquist & Olander, 2007). The strong presence of larger scale firms in

Metropolitan Stockholm together with the international connected universities enables the

region to access global knowledge spillover and is a prominent factor why Stockholm is

producing the highest level of Industry 4.0 innovations (Andersson et al., 2011; Ligenzowska,

2016; Fedorov et al., 2012; Shabanyuk, 2020).

2.4 Distinction of Industry 4.0 Connected Innovations
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Industry 4.0 can be viewed as an umbrella term for an array of new technological paradigms

that are changing the production and innovation systems on all of the economic levels (Källa).

There is a discussion among scholars of what should comprise the fourth industrial revolution

and there are many different definitions and distinctions of the term (Götz & Jankowska,

2017). Although, many scholars agree that innovations towards Industry 4.0 must have the

ability to impact mainly two criteria. First, horizontal technological integration, that includes

innovations that impact the value networks of industries, i.e., information flows between

firms, intermediaries, suppliers and so on. Second, vertical technological integration which

includes integration through production networks, i.e., firm to customer (Götz & Jankowska,

2017; Rüẞmann et al., 2015). Horizontal and vertical technological integration are driving

factors of evolution in cloud management and data analytics as technology is evolving and

extending its applications on production processes. They provide guidance for innovation and

enable large amounts of data to be analysed at every point of the production (Lee et al., 2013;

Lee et al., 2016). This thesis will use the two main criteria of horizontal and vertical

integration when choosing patents for the dataset.

When analysing Industry 4.0 three main innovation areas emerge. First, Cyber-Physical

Systems which focuses on the integration between cyber and physical components in

information systems and production processes. Second, the Internet of Things which is a

broad concept within data analysis defined as the comprehensive ecosystem between

interrelated actors to exchange large amounts of data, including improvement of general ICT,

Big Data and cloud management. Third, Smart Production Processes which includes

innovations within 3D manufacturing, and AI based production (Dafflon et al., 2020; Weyer

et al., 2015; Monostori, 2016). Together with the criteria discussed earlier these areas will be

the main dividers of patents counted towards the dataset.

3. Methodology

3.1 Analysis Method
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To give valid answers to the research questions “What is the geographical pattern of Industry

4.0 innovation in Swedish municipalities?” and “Are there any significant innovation hubs in

Sweden for facilitating Industry 4.0 innovation?”, two main approaches will be used.

(i) Simple linear regression analysis where total sum of inventor shares and the number of

patents in municipalities will be regressed against Swedish municipal population data to

understand if Industry 4.0 advancements are subject to correlation to metropolitan regions.

The regression analysis was conducted through Geoda and Excel and the following regression

models will be used. The first model is

𝑙𝑛(𝑝𝑎𝑡𝑒𝑛𝑡𝑠
𝑖
) = β

0
+ β

1
* 𝑙𝑛(𝑝𝑜𝑝

𝑖
) + ϵ

𝑖
    (1)

where represents the number of patents in region i, represents the population of𝑝𝑎𝑡𝑒𝑛𝑡𝑠
𝑖

𝑝𝑜𝑝
𝑖

region i, and ɛ represents the estimated error term of the regression. If the beta coefficient (β)

is found to be equal or higher than 1 then the discussed agglomeration externalities are

assumed to be present. The second model is

𝑙𝑛(𝑖𝑛𝑣_𝑠ℎ𝑎𝑟𝑒
𝑖
) = β

0
+ β

1
* 𝑙𝑛(𝑝𝑜𝑝

𝑖
) + ϵ

𝑖
            (2)

where represents the total sum of inventor shares in region i, represents the𝑖𝑛𝑣_𝑠ℎ𝑎𝑟𝑒
𝑖

𝑝𝑜𝑝
𝑖

population of region i, and ɛ represents the estimated error term of the regression.

The constructed hypothesis for the two regression models is:

Agglomeration externalities of Innovation hubs have no statistical significance on the𝐻
0
:

technological development/advancement of Industry 4.0 in Swedish regions.

Agglomeration externalities of Innovation hubs have statistical significance on the𝐻
1
:

technological development/advancement of Industry 4.0 in Swedish regions.

(ii) A spatial analysis where the inventor share, number of inventors, and number of patents

data on municipality level will be mapped to visually analyse the geographical distribution of

Industry 4.0 innovation activity in Sweden. To strengthen the spatial analysis a scatter plot

matrix between the inventor share, numbers of patents, and population will be used to spot

outliers in the dataset. The spatial analysis was conducted through Geoda.
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3.2 Validity of Variables

To ensure valid estimates from the chosen models certain measures have been taken. For the

analysis the variables have been tested for both heteroskedasticity and autocorrelation. The

provided tests are the Breusch-Pagan test for heteroskedasticity and Durbin-Watson test for

Autocorrelation. The performed tests did not not break any assumptions of the regression as

homoskedastic could be assumed and the Durbin-Watson value was slightly below 2 (1.9)

indicating some positive autocorrelation but no significant amount (Gurjarati & Porter, 2008).

3.3 Measuring Industry 4.0 Development

Patent data has been used as a proxy for measuring technological change by many scholars

over the years (Kelly et al., 2021; Koo, 2005). There are many problems with using patent

data as an indicator for technological change, for this thesis mainly three of these problems

will be discussed. First, patent data, similar to other technological proxies, can only shed light

on specific parts of the technological process as not all innovations are patentable and many

innovations are not patented at all for competitive reasons. Second, patent data are subject to

time lag as there may be a significant period of time between the actual technological

development and the granting of the patent. Causing data sets to be skewed. Third,

geographical biases is a major issue for this thesis to take into account when drawing

conclusions as regional patenting activity may be influenced by government incentives, and

legal framework (Kelly et al., 2021; Fornahl & Brenner, 2009). Although there are various

issues with the usage of patent data, this thesis will continue to follow the trend and use

suitable patent data from Sweden as a proxy for Industry 4.0 development, i.e., technological

change. Mainly due to the availability and quantifiability of patent data in relation to other

common variables for technological change.

3.4 Data Collection

This thesis will gather published patent data from 2017-01-01 until 2023-12-31. The time

frame of the data is made possible as this thesis divides patents to the publication year and not
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the application date in order to capture the current state of Industry 4.0 development. If the

choice had fallen on the application date the timeframe would have been shorter and the

dataset would have been subject to non-granted patents.

The data process of this thesis was made in two steps and was the heaviest part of the thesis:

First, the raw patent data was collected from the European Patent Office (EPO) by keyword

searches in the EPO Espacenet database which is an intergovernmental organisation with data

from regional patent offices. The Espacenet database enables searches for publication year

and through text filters the country of patents and inventors (EPO, 2024). The data was

gathered through the following keyword searches for Swedish patents between the years

2017-2023: “Internet of Things (IoT)”, “Cloud/Cognitive Computing”, “3D

production/Printing”, “Smart/AI production”, “Augmented reality”, “Big data”, “Information

retrieval”, and “Digital health”. The patents taken into the dataset were Swedish patents

granted on national and European level. Due to limitations in the Espacenet database the

search for “Internet of Things” has 47 patents missing from 2020 and patents missing from

2021 in the dataset. The total patent count was 4139, after duplicates and patents without

geo-location were removed the total patent count was 1730. The total number of inventors

was 4485 from the dataset. The constructed dataset was later exported to excel.

Second, to get the correct location data and inventor, region, and applicant shares microdata

was gathered from the OECD REGPAT dataset for inventors and applicants (OECD, 2024).

The datasets were downloaded and exported to excel where it was sorted after city and

country location. The constructed patent dataset were matched against the REGPAT dataset in

order to match location data and patent statistics. As the REGPAT dataset displays the city of

the patent and not municipality the entire dataset was manually distributed into the

corresponding municipality for the city. After this process was completed, municipality

population data from Statistics Sweden and municipality boundary maps from The Land

Survey (Lantmäteriet) were downloaded. The population data were matched to the patent

statistics of each municipality to complete the data. The complete dataset was exported into

Geoda in order to conduct the regression and spatial analyses.

4. Empirical Analysis
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4.1 Data Description

The statistics of the data can be seen in Table 1 and shows us spatial and quantitative

characteristics of the upcoming analysis.

The total number of patents used in the dataset for the analysis is 1730 divided over the period

2017-2023. The lowest observation of Industry 4.0 patents in a year can be found in 2023

where only 90 patents were found and the highest observation in 2019 were 427 patents were

found.

The 1730 patents had a total of 4485 observed Swedish inventors assigned with the lowest

inventor share being 0.071 of a patent indicating around 14 investors and the highest inventor

share being 1 indicating a sole inventor of the patent.

Sweden consists of 290 municipalities (SCB, 2024) of these 290 only 137 had Industry 4.0

patenting activity assigned, indicating that less than half (47%) of the Swedish municipalities

actively accommodated Industry 4.0 inventors during the testing time (2017-2023). The least

patents assigned to a region in the dataset was 1 and the most was 867 indicating large

differences between Swedish municipalities.

Table 1. Descriptive statistics for overall data.

4.2 Linear Relationship

To get an understanding of the relationship between innovation activity and size of a

geographical unit two regression analyses were conducted.

The results from equation (1) can be seen in Table 2. The regression results show a beta

coefficient of 1.04 with a confidence level of 95% and a p-value of 0.00. Therefore, we are
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accepting our alternative hypothesis that agglomeration externalities are present when looking

at the relationship of the number of patents to population. Interestingly, the model has a fairly

low R-square value of 0.35 indicating that there is more to the relationship than only size of

the region and the model could have been strengthened by additional determinants but

acceptable for the purpose of the thesis.

Table 2. Regression results for agglomeration externalities from equation (1).

Seen in Table 3 the relationship between the inventor share of each region and the population

(equation 2) does not host the same level of agglomeration externalities as the earlier model.

The alternative hypothesis of agglomeration externalities is accepted as the p-value is 0.00

with a 95% confidence interval. The difference between the regression results we cannot

assume equal levels of agglomeration as the beta coefficient is found to be 0.29. While the

inventor share of a patent is still subject to a size effect it is not as dependent on

agglomeration externalities as the variable of patent count.

The fit of the model is 47% (R-square 0.47) indicating omission of variables to capture the

entire picture. But the main objective of the model was to indicate the level of agglomeration

externalities which causes 47% to be viewed as acceptable for the thesis.

Table 3. Regression results for agglomeration externalities from equation (2).
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The results from the regression shows a positive relationship between the population size of a

region and the overall innovation activity. The existence of agglomeration externalities is a

major factor in explaining the spatial properties in patenting behaviour but as the results

suggest, there are more determinants not incorporated in the model.

4.3 Industry 4.0 Patenting in Sweden between 2017-2023

The dataset shows that Cloud computing and the Internet of Things are the major Industry 4.0

innovation areas when looking at the Swedish patents. In Table 4 we can see that Cloud

computing contributes with 478 patents and the Internet of Things with 626 patents, together

comprising 63.8% of all the patents in the dataset. The least patented area of Industry 4.0 in

the dataset is Augmented reality with 99 patents and 3D Printing and smart production with

154 patents, i.e., 14.67% of the entire data.

Table 4. Numbers of Patents per area.

A visualisation of the yearly patenting behaviour in Sweden between 2017 and 2023 can be

found in Table 5. It shows that the Industry 4.0 patenting experienced steady increases until

2019 where every technology except Cloud computing reached its peak. After 2019 almost all

of the innovation activity decreased, reaching their low in 2023. Cloud computing being the

outlier experienced steady increases until its 2020 peak, since 2020 the subject has, similar to

the other areas, experienced heavy decreases until its low in 2023.
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Table 5. Numbers of Patents per year.

The takeaways from the patenting behaviour is that Sweden experienced a positive Industry

4.0 innovation climate until 2019-2020 and afterwards has experienced a worse climate for

innovation.

4.4 Geographical Distribution of Industry 4.0 Patents in Sweden

When looking at the spatial distribution of innovation activity in Sweden three variables have,

as discussed in the method, been chosen. The number of inventions per region (inv_reg), the

total sum of inventor shares per region (inv_share), and the total sum of application shares per

region (app_reg). The variables are influenced differently by agglomeration externalities and

have therefore been divided into three maps. Noteworthy is that the undefined category

corresponds to an absolute value of zero in the dataset.

4.4.1 Inventions per Region
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The spatial distribution of inventions per region closely follows the patent behaviour

discussed in the literature review. In Figure 1 the contributions of inventions are clustered

around the main innovation hubs in Sweden, i.e., the metropolitan areas of Stockholm,

Gothenburg, and Malmö. Out of the 10 biggest contributing municipalities, 9 of them can be

found within these three metropolitan areas with the outlier being Linköping municipality of

eastern Sweden. The largest contributor in northern Sweden is Luleå with 98 patents, 7.5

times as many contributions as the second largest, Sandviken municipality, with 13 patents.

Other interesting points can be seen in Figure 1 is that Solna, which is a municipality in the

northern part of metropolitan Stockholm contributes to almost as many patents (407 patents)

as Gothenburg's municipality (408 patents). Solna together with the northern municipality of

Sollentuna (212 patents) in the capital both contribute to more innovation than Malmö

municipality (119 patents). In fact, Malmö municipality is not the biggest contributor in the

Metropolitan Malmö region as Lunds municipality contributes to 342 patents, i.e., 2.87 times

as many patents as Malmö municipality.
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Figure 1. Geographical distribution of inventions/patents.

4.4.2 Inventor Share per Region

In Figure 2 we see the geographical distribution of inventor shares of patents in Sweden. The

distribution is very similar to the distribution of inventions per region seen in Figure 1 but

differences are still present. The inventor share is clustered around the three main

metropolitan areas in Sweden following the theory discussed in the literature. Out of the 10

municipalities with the highest sum inventor shares, yet again, 9 of them are found in the

main innovation hubs. Linköping is the only municipality not located in one of the three

metropolitan areas.
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Lunds municipality shows in both distributions that they contribute to more patents than

Malmö municipality does, establishing them as the main innovation municipality in southern

Sweden. When looking at investor shares Lund is the third largest Industry 4.0 municipality in

Sweden after Stockholm and Gothenburg municipality. Apart from Lund (126.29 inventor

shares) and Malmö (43.05 inventor shares), Helsingborgs municipality (26.51 inventor shares)

is the third largest contributor of southern Sweden. Helsingborg is the second largest

municipality in southern Sweden and is located in the same county as Malmö and Lund. For a

closer look of the spatial distribution of inventor share in southern Sweden ,see Appendix F.

Eastern Sweden is largely dominating the distribution of inventor shares with the top

municipalities being Stockholm (280.16 inventor shares), Solna (122.45 inventor shares), and

Linköping (88.38 inventor shares). The municipalities of Stockholm and Solna are parts of

metropolitan Stockholm while Linköping is not but is the fifth largest municipality in

Sweden. As eastern Sweden receives the most funding for Industry 4.0 development and that

innovation tends to cluster to the same areas it is in line with the theory of the literature that it

accommodates 7 of the 10 municipalities with the highest inventor shares. For a closer look of

the spatial distribution of inventor share in eastern Sweden ,see Appendix C.

The distribution of Western Sweden is more centralised than in eastern or southern Sweden as

all of the three municipalities with the most inventor share are in very close proximity.

Gothenburg has a total inventor share of 158.16 (second largest in Sweden), Mölndal has a

total investor share of 31.44 (shares municipality border with Gothenburg), and Härryda with

a total inventor share of 24.77 (shares municipality border with Mölndal). For a closer look of

the spatial distribution of inventor share in western Sweden ,see Appendix D.

Northern Sweden has a low and spare distribution of inventor shares with Luleå being the

biggest contributor by far. Luleå municipality has a total inventor share of 32.65 which is 3.92

times more than Sandviken with 8.33. The third municipality with the most inventor shares in

northern Sweden is Umeå with 4.75. The northern regions of Sweden suffers from a sparse

and decentralised distribution of Industry 4.0 innovations which follows the literature as

northern Sweden is the only region without sufficiently large metropolitan areas and has the

lowest levels of funding. For a closer look of the spatial distribution of inventor share in

northern Sweden ,see Appendix E.
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The distribution of inventor share on the municipality level is heavily clustered in eastern

Sweden, especially around metropolitan Stockholm. In Appendix A a cartogram shows the

clustered amount of inventor share in relation to the rest of Sweden.

Figure 2. Geographical distribution of inventor share.

4.4.3 Application Share per Region
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When looking at the spatial dimensions of the total sum of application shares, the distribution

changes for most of the regions in Sweden. In Figure 3 it is shown that Stockholm

municipality has the most applicant share with 1214.66, followed by Gothenburg (133.5), and

Lund (79).

In southern Sweden, Lund is still the leading municipality with a sum of 79 application

shares, but Malmö (23 application shares) is now the third region as Höganäs municipality

(borders with Helsingborgs municipality) is the second largest region with 29 application

shares.

Eastern Sweden has its distribution changed as Stockholm municipality has the most

application shares as mentioned, but Solna and Linköping that have been present in the earlier

distributions is not found high on the list. Instead, Uppsala comes next with a total of 22.5

applicant shares, followed by Danderyd (34.5 application shares). The application shares of

eastern Sweden are distributed more centralised than in the other dimensions of Industry 4.0

innovation activity.

The distribution of western Sweden has not changed if compared with the inventor share.

Gothenburg, Mölndal (6 application shares), and Härryda (3 application shares) are still the

leading municipalities of the region.

The distribution of northern Sweden has not changed much as Sandviken (18 application

shares) and Umeå (4 application shares) are two of the leading regions. Surprisingly, Luleå is

not found in this distribution and the municipality of Sundsvall is the third region with a total

of 3.33 application shares.
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Figure 3. Geographical distribution of application shares.

4.4.4 Spatial Comparison

To get a more comprehensive understanding of the spatial distribution of Industry 4.0 in

Sweden, a scatter plot matrix between population (pop), application shares (app_reg), and
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inventor shares has been conducted. In Figure 4 the spatial dimensions are shown and outliers

in the data can be observed. When analysing scatter plot (A) between population and

application shares, we can see that Stockholm municipality (1) closely follows what we

expect while Gothenburg (2), Malmö (3), and Uppsala (4) show signs of high population with

a low corresponding value of application shares. Apart from these municipalities most of the

regions somewhat follow the trend line.

Figure 4. Scatter plot of geographical dimensions.

Analysing scatter plot (B) between population (pop) and inventor share (inv_share) in the

upper right corner in Figure 4 we can deduce that most municipalities follow the trend line or

are close above or below. The outliers in this distribution are Lund (5) and Solna (6)

showcasing lower population but a higher value of inventor shares.

Disregarding the variable of population, scatter plot (C) instead shows us the relationship

between application share (app_reg) and inventor share (inv_share). Stockholm municipality

(7) closely follows the trend similarly to the majority of the municipalities, on the other hand
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the outliers are Gothenburg (8), Lund (9), Solna (10), and Linköping (11). The four main

outliers are all experiencing high values of inventor shares indicating that they heavily

contribute to Industry 4.0 patents in Sweden but simultaneously have low values of

application shares indicating that the contribution could be to patents outside of the

municipality.

4.5 Innovation hubs

The inventor share can visualise the prominent innovation hubs where inventors tend to

cluster. In Figure 5 we can see the eight largest innovation hubs in Sweden for Industry 4.0

contribute to nearly 60% (59.58%) of patents. The municipalities of Stockholm, Gothenburg,

and Lund contribute to more than a third of Industry 4.0 patents. Of these eight municipalities

five of them are located in eastern Sweden, two in southern Sweden, one in western Sweden

and none in northern Sweden. Six out of eight municipalities are located within one of the

three largest metropolitan areas in Sweden, three in Stockholm, two in Malmö, and one in

Stockholm.

Figure 5. Innovation hubs.
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When grouping the municipalities into the metropolitan areas, seen in Figure 6 the

distribution changes and we can see that metropolitan Stockholm contributes to nearly 50%

(46.31%) of the Industry 4.0 patents. Together with metropolitan Gothenburg and Malmö the

contribution rises to 76.35% meaning that of all Industry 4.0 patents in the analysis more than

three quarters comes from the three metropolitan areas. This follows the literature, as these

areas are the most innovative, education-oriented, and funded areas in Sweden.

Figure 6. Metropolitan areas.

5. Discussion

The geographical distribution of Industry 4.0 patents has helpful insights into the different

spatial dimensions of innovation activity across Swedish regions and municipalities. From an

analysis of three patenting activities (inventor share, inventions per region, and application

share) this thesis shows the distribution, clustering, and variation of Industry 4.0 innovation

from 2017 to 2023 in Sweden.

The spatial distribution of inventions per region closely follows the observed pattern from the

literature as the distribution of patent contributions cluster around the innovation hubs

Stockholm, Gothenburg, and Malmö. Underlining the importance of metropolitan areas in
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facilitating and stimulating technological change. There are other important innovation hubs

in Sweden, such as Linköping municipality in eastern Sweden, which lies outside these

metropolitan areas. Linköping University could be the reason for this or it could be due to

there being large multinational firms (e.g., Saab) located in the municipality. Noteworthy,

Lund municipality and Solna municipality, located in metropolitan Malmö and Stockholm

respectively, showcase that the distribution of Industry 4.0 is scattered inside these

metropolitan areas.

The distribution of inventor shares follow the pattern discussed in the literature, similar to

invention per region. Eastern Sweden emerges as the main innovation region for inventor

shares. This is aligned with the innovation geography of Sweden as the eastern parts in

Sweden receive the majority of the fundings and research attention. The municipalities in

northern Sweden have a sparse distribution mostly due to the absence of major metropolitan

areas and low levels of funding.

Application share has another understanding of the distribution in Sweden. While the

metropolitan areas still are the main innovation hubs, there are more localised municipalities

of patenting activity. The municipalities of Danderyd and Höganäs showcase their regional

strength as innovation hubs accommodating high numbers of Application shares.

When comparing spatial dimensions against each other, some notable information is received.

Lund and Solna further establish themselves as local innovation hubs while municipalities

such as Gothenburg, Malmö, and Uppsala do not contribute accordingly to their population

size.

As seen in the empirical analysis, Lund is repeatedly outperforming Malmö municipality in

the spatial dimensions of Industry 4.0 establishing itself as the main innovation hub of

southern Sweden. Even though Gothenburg municipality should perform better according to

theory and empirical analysis, it still establishes itself as the main innovation hub of western

Sweden. As seen in both the literature and empirical work, Stockholm municipality is the

main innovation hub in eastern Sweden. In northern Sweden, Luleå is the main innovation

hub. But northern Sweden is facing innovative challenges under Industry 4.0 due to the sparse

population, and lower levels of funding.
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6. Conclusion

6.1 Purpose and Objective

The purpose of this thesis was to show the spatial distribution of Industry 4.0 innovation

activity in Sweden as measured by statistics of granted patents from 2017 to 2023 and to see

what areas were the innovation hubs of Industry 4.0. The objective for the analysis was to

construct a dataset of patents representing the innovation activities of Industry 4.0 and to map

the current geographical distribution. Both the empirical and theoretical work show that the

Industry 4.0 innovation should be clustered together, most likely around the three largest

metropolitan areas of Sweden. The current Industry 4.0 patents closely follow the previous

patenting patterns with a few outliers. Moreover, evidence was found of agglomeration

externalities associated with the patent count of larger municipalities in Sweden. A similar

relationship was found for the patent share and the larger municipalities, although weaker.

With the practical implications of the thesis, the purpose and objectives were fulfilled and the

research questions answered as the distribution of Industry 4.0 innovation were presented and

major innovation hubs were identified.

(i) What is the geographical pattern of Industry 4.0 innovation in Swedish municipalities?

The geographical pattern of Industry 4.0 innovation in Sweden is clustered around the

municipalities within the three largest metropolitan areas and the main innovation region

being eastern Sweden. The perceived pattern follows the theoretical framework relatively

well.
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(ii) Are there any significant Innovation hubs in Sweden for facilitating Industry 4.0

innovation?

Municipalities such as Gothenburg, Härryda, Helsingborg, Linköping, Lund, Malmö,

Mölndal, Stockholm, Solna, and Sollentuna can be seen as the main innovation hubs in

Sweden. There is a positive relationship between innovation activity and population size

which does emphasise why some of these municipalities are major innovation hubs.

Lund municipality establishes itself as the main innovation hub in southern Sweden,

Stockholm in the east, Gothenburg in the west, and Luleå in the north. Moreover, the thesis

concludes that there are local innovation hubs for certain patenting behaviour, as Linköping,

Höganäs, and Danderyd are outliers in the analysis.

6.2 Implications and Further Research

The results of the thesis hold significant value and insights for policymakers, to understand

and further study Swedish Industry 4.0 innovation in order to develop and adjust regional

funding programs. For policymakers it is important to understand how innovation and

inventors spatially change in order to introduce effective policies and allocate resources

efficiently. This causes the need for updated spatial analyses on the subject both generalised

or in a specific area of Industry 4.0.

Other researchers could also benefit from this thesis when exploring the development of

Industry 4.0 as an understanding of the spatial implications will greatly improve the analytic

ability. For other similar papers, the insights of this thesis as evidence of previous patenting

behaviour will be important, especially if looking at the convergence and divergence of

Industry 4.0 innovation patterns and forecasting future distribution.

Intriguing research avenues on the subject is the prediction of future distribution as well as

region specific studies that dwell on the why and not where of the spatial analysis. This could

make the analysis significantly more comprehensive and help policy-makers even further.

Lastly, future research could benefit from a micro-level study on the subject to identify and
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group inventions and inventors to their respective industries. This could help to discover how

regional innovation networks vary in Sweden.
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innovation, scaling, and the pace of life in cities. Proceedings of the National Academy of

Sciences.

Bettencourt, L., M., A. Lobo, J., & Strumsky, D. (2007). Invention in the city: Increasing

returns to patenting as a scaling function of metropolitan size. Research Policy, vol. 36.

https://doi.org/10.1016/j.respol.2006.09.026.

Bjerke, L. (2012). Knowledge flows across space and firms. JIBS Dissertation series, 78.

Bolívar-Ramos, M. T. (2017) The relation between R&D spending and patents: The

moderating effect of collaboration networks. Journal of Engineering and Technology

Management, vol. 46.

https://doi.org/10.1016/j.jengtecman.2017.11.001.

Boschma, R., and Martin, R., (2010). The Aims and Scope of Evolutionary Economic

Geography. Utrecht University: Department of Human Geography and Spatial Planning.

Group Economic Geography, https://EconPapers.repec.org/RePEc:egu:wpaper:1001.

33

https://doi.org/10.1177/0309132516664800
https://doi.org/10.1016/j.ijpe.2020.107776
https://doi.org/10.1016/j.respol.2006.09.026
https://doi.org/10.1016/j.jengtecman.2017.11.001
https://econpapers.repec.org/RePEc:egu:wpaper:1001


Brakman, S., Garretsen, H., & Marrewijk, C. (2019). An Introduction to Geographical and

Urban Economics: A Spiky World. Cambridge University Press.

https://doi.org/10.1017/9781108290234.

Brynjolfsson, E., & McAfee, A. (2014). The second machine age: Work, progress, and

prosperity in a time of brilliant technologies. W W Norton & Co.

https://doi.org/10.1080/08963568.2015.1044355.

Castellano, R., Musella, G., & Punzo, G. (2023). How Do Agglomeration Externalities and

Workforce Skills Drive Innovation? Empirical Evidence from Italy. Journal of the Knowledge

Economy. https://doi.org/10.1007/s13132-023-01405-7.

Chabanyuk, A. (2020). Geographic Concentration of Industry 4.0 patents in Sweden

2010-2017. Lund University: Department of Economics.

Chaminade, C., Lundvall, B.A., & Haneef, S. (2018). Advanced introduction to National

Innovation Systems. Cheltenham: Edward Elgar.

Ciffolilli, A. & Muscio, A. (2018). Industry 4.0: national and regional comparative

advantages in key enabling technologies. European Planning Studies.

Cole, M. (2023). (Infra)structural Discontinuity: Capital, Labour, and Technological Change.

Antipode, vol. 55. https://doi.org/10.1111/anti.12887.

Comber, A., Harris, P., Bratkova, K., Phe, H. H., Kieu, M., Bui, T. Q., Nguyen, H. T. T.,

Wanjau, E., & Malleson, N. (2022). Handling the MAUP: methods for identifying appropriate

scales of aggregation based on measures on spatial and non-spatial variance. AGILE:

GIScience, Series. 3. https://doi.org/10.5194/agile-giss-3-30-2022

Dow, S., (2002). Economic Methodology: An Inquiry. Oxford University Press.

Duranton, G., & Puga, D. (2004). Micro-Foundations of Urban Agglomeration Economies.

Handbook of Regional and Urban Economics, vol. 4.

https://doi.org/10.1016/S1574-0080(04)80005-1.

Ejermo, O. (2004). Perspectives on Regional and Industrial Dynamics of Innovation, JIBS

Dissertation Series No. 024.

34

https://doi.org/10.1017/9781108290234
https://doi.org/10.1080/08963568.2015.1044355
https://doi.org/10.1007/s13132-023-01405-7
https://doi.org/10.1111/anti.12887
https://doi.org/10.5194/agile-giss-3-30-2022
https://doi.org/10.1016/S1574-0080(04)80005-1


Ejermo, O. (2009). Regional Innovation Measured by Patent Data—Does Quality Matter?.

Industry and Innovation, vol. 16.

European Commission. (2015). IFP7, Available online:

https://cordis.europa.eu/programme/id/FP7 [Accessed 15 April 2024].

European Commission. (2024). EU regional and Urban development.

https://ec.europa.eu/regional_policy/in-your-country/programmes/2014-2020/se/2014se16rfop

003_en [Accessed 2 May 2024].

European Patenting Office. (2024). Espacenet - patent search.

https://se.espacenet.com/advancedSearch?locale=se_SE [Accessed 23 April 2024].

Fedorov, G. M., Voloshenko, Y. V., Mikhailova, A. A., Osmolovskaya, L. G., & Fedorov, D.

G. (2012). Territorial differences in the innovative development of Sweden, Finland, and the

North-western federal district of the Russian Federation. SSOAR.

https://doi.org/10.5922/2079-8555-2012-3-6.

Fornahl, D., & Brenner, T. (2009). Geographic concentration of innovative activities in

Germany. Structural Change and Economic Dynamics, vol. 20.

https://doi.org/10.1016/j.strueco.2009.05.001.

Fraske, T. (2022). Industry 4.0 and its geographies: A systematic literature review and the

identification of new research avenues. Digital Geography and Society, vol. 3.

https://doi.org/10.1016/j.diggeo.2022.100031.

Fritsch, M., & Slavtchev, V. (2007). Universities and Innovation in Space. Industry and

Innovation, vol. 14. https://doi.org/10.1080/13662710701253466.

Glaeser, E. L. (2010). Agglomeration Economics. University of Chicago Press.

Glauber, J., Wollersheim, J., Sandner, P., & Welpe, M. I. (2015) The patenting activity of

German Universities. J Bus Econ, vol. 85. https://doi.org/10.1007/s11573-014-0748-y.
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Sjöö, K. (2014). Innovation and transformation in the Swedish manufacturing sector, 1970-

2007. Lund University: Department of Economics.

Statistics Sweden. (2018). Regional distribution of intramural R&D, expenditure, number of

persons and full time equivalents (person-years) in the government sector. Available online:

https://www.scb.se/en/finding-statistics/statistics-by-subject-area/education-and-

research/research/research-and-development-in-sweden/pong/tables-and-graphs/research-and-

development-in-the-government-sector/regional-distribution-of-intramural-rd-expenditure-

Strange, R., & Zucchella, A. (2017). Industry 4.0, global value chains and international

business. Multinational Business Review, vol. 25.

https://doi.org/10.1108/MBR-05-2017-0028.

Sui, D., & Morrill, R. (2004). Computers and geography: From automated geography to

digital earth.

Svensson Henning, M. (2009). Industrial Dynamics and Regional Structural Change:

Geographical perspectives on economic evolution. Lund University: Department of

Economics.

Swedish Higher Education Authority. (2023). Higher Education in Sweden: 2023 Status

Report. [Accessed 15 April 2024].

Taalbi, J. (2014). Innovation as Creative Response. Determinants of Innovation in the Swedish

Manufacturing Industry, 1970-2007. Lund University: Department of Economics.

Tampubolon, J., & Nababan, T. S. (2022). ASEAN’s Factory Economy in the Fourth

Industrial Revolution Era. Economy of regions, vol. 18.

https://doi.org/10.17059/ekon.reg.2022-1-4.

38

https://www.emerald.com/insight/search?q=Roger%20Strange
https://www.emerald.com/insight/search?q=Antonella%20Zucchella
https://doi.org/10.1108/MBR-05-2017-0028
https://doi.org/10.17059/ekon.reg.2022-1-4


The Land Survey (Lantmäteriet). (2024). Geodata.

https://www.lantmateriet.se/sv/om-lantmateriet/Samverkan-med-andra/geodataradet/

[Accessed on 23 April 2024].

Weyer, S., Schmitt, M., Ohmer, M., & Gorecky, D. (2015). Towards Industry 4.0 -

Standardization as the crucial challenge for highly modular, multi-vendor production systems.

IFAC-PapersOnline, vol. 48.

Wixe, S. (2016). Regional Diversity and Economic Performance. JIBS Dissertation series,

112.

Wong, D. (2009) The Modifiable Areal Unit Problem. Handbook of Spatial Analysis, SAGE

Publications. https://doi.org/10.1016/B978-008044910-4.00475-2.

World Intellectual Property Organization (WIPO) (2023). Global Innovation Index 2023:

Innovation in the face of uncertainty. Geneva: WIPO.

39

https://www.lantmateriet.se/sv/om-lantmateriet/Samverkan-med-andra/geodataradet/
https://doi.org/10.1016/B978-008044910-4.00475-2


Appendix

Appendix A - Cartogram of inventor share.

40
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Appendix C - Inventor shares of eastern Sweden.
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