








































Table 1: Morpheme analysis for research string economics and business

Search string economies

NOUN TAG

ICT 917 business 560 infotech 840

firm 761 innovation 541 RandD 175

country 737 information 538 SME 169

service 730 economy 520 economic growth 159

development 715 impact 497 productivity growth 122

technology 693 level 452 ICT use 96

effect 675 sector 445 human capital 89

market 625 internet 442 panel data 85

industry 614 system 421 TFP 85

business 588 growth 417 GDP 76

Search string business

NOUN TAG

service 1785 effect 945 infotech 1818

model 1612 management 928 SME 470

technology 1543 adoption 901 infosys 264

firm 1479 customer 892 TAM 175

business 1302 knowledge 858 RandD 136

performance 1245 development 833 CRM 120

relationship 1229 value 828 cloud computing 117

innovation 1140 industry 784 ICT use 113

process 1076 consumer 746 IofT 105

factor 992 ICT 717 ebusiness 94

we included only nouns or proper nouns in our co-occurrence network, given that nouns are

normally used as keywords or search tags in scientific articles.

1.4 Results and discussion

In this section, we will analyze both research strings (economics/ICT and business/ICT) sep-

arately from each other in order to present the results in the most convenient way. The major

reason for that is that if we plotted the entire universe of abstracts, the graphical representa-

tion of results might be too overloaded and, therefore, very complicated for interpretation.

8



1.4.1 Search string economics

Our cleared sample with article abstracts at the intersection of ICT and economics contains

622 entries for the period 2015–2019. With the help of KH Coder software, we extracted

nearly 7,500 words and expressions grouped into eight parts of speech. As we mentioned

before, we use the means of graphical representation of our text corpus solely for nouns (or

proper nouns), as well as acronyms and commonly used terms.

We started with the Morpheme Analysis which calculates the number of hits for every word

(acronym, expression) in the entire dataset, irrespective of their connections to other words.

As expected, ICT-related terms appear quite often in the universe (like ICT with 771 appear-

ances or information technologies with 180 hits), as we included them in our initial search

request. Along with that, nodes firm (727, including synonyms), growth (411), productiv-

ity (248), performance (184) and labour (133), as well as R&D (108) and human capital

(55) appear quite often in the analyzed abstracts. That supports our statements from Sec-

tion 1.2, where we mentioned that a lot of work has been done in order to link the effect

of ICT (broadband provision) and firm productivity, also through the lenses of high-skilled

workforce. One more possibly important research direction could be connected with the

importance of research and development and innovations (396), albeit KWIC Concordance

Analysis5 demonstrated the word innovation is used in the universe in a more generalized

form, for example, by describing different forms of innovations as well as a part of expressions

like innovation networks or innovation cluster. That speaks in favor of the idea that the in-

novation activities (capabilities) of firms are rather outside of the core interest of scholars at

this moment.

The following step deals with the plotting of the network diagram that connects words or

expressions with resembling appearance patterns, namely higher degrees of co-occurrences.

For our network, we selected all the words and definitions with at least 50 occurrences. There

is no certain rule on how to set a minimum threshold for word hits; however, two general

advices help here:

(1) too many nodes overcomplicate data analysis and

(2) words with lower amounts of hits will have weaker connections (or remain disconnected)

in the universe.

KH Coder calculates a co-occurrence power for every pair of words (expressions) with the

help of the Jaccard coefficient, which is normally used to compare similarities or distances of

given data sets (Niwattanakul et al., 2013). As for word hits, there is no clear idea what the

5KWIC (Key-Word-In-Context) Concordance Tool helps to identify how a certain node mirrors in the text

corpus.
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minimum Jaccard index should be for nodes in order to include them in the network diagram,

although Higuchi (2016) recommends setting a value between 0.1 and 0.2 (the default setting),

depending on the analyzed data. We opted for a Jaccard coefficient of 0.15 to plot an optimal

network picture with approximately the top 100 nodes reflecting in the text corpus.

The co-occurrence network of 106 nodes and 325 edges (ties) is depicted in Figure 1. Based

on the context, KH Coder allocates the nodes to so-called communities automatically, where

each community possibly (but not necessarily) represents a separate topic6. In our network,

the research core is comprised of the first three communities: connecting ICT with produc-

tivity growth and firm performance (green), business management, research, and the role of

knowledge (orange) and competitiveness and challenges for society (blue). Innovation, al-

though strongly connected to nodes firm and ICT, still belongs to another community, which

supports the idea that the term innovation is used more generally in the abstracts.

Figure 1: Co-occurrence network in search query ICT / Economics

6Lines’ (edges’) thickness indicates the strength of the occurrence (measured through the Jaccard coeffi-

cient). Nodes sharing similar appearance patterns constitute a community. It does not, however, automatically

apply that words (expressions) that are plotted closely to each other have a strong co-occurrence.
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Simultaneously, the periphery delivers some stunning results, as it seems to be strongly

disconnected from the core. For instance, employee skills as well as human capital are located

apart from the mainstream, and such a topic as the role of education, which found its reflection

in several studies, does not appear in the universe at all. At the same time, as mentioned

in Section 1.2, entrepreneurial issues remain at the edge of our network, which obviously

indicates a lack of research in this particular direction.

1.4.2 Search string business

The cleared sample with article abstracts at the intersection of ICT and business contains

1,025 entries for the period 2015–2019, with nearly 9,500 words and expressions grouped into

eight parts of speech, similar to the previous search string. The Morpheme Analysis in this

case delivers the following results: In this search query, ICT-related terms are found more

often in a variety of variations: ICT (528), information technologies (351), and information

systems (156), which may indicate that certain IT solutions are more in focus here, not

necessarily the overall effect of ICT. Similar to search string economics, performance (768)

and innovation (694) are found quite often in the text, although the term innovation is again

mostly used in an abstract manner and is not so strong in connection to firm performance. At

the same time, nodes productivity (82), growth (162), labour (32) and human capital (43) have

much fewer hits than would be expected. Still, nodes knowledge (428) and entrepreneurship

(312) enter the top occurrences. What is more interesting is that business articles seem to be

more oriented on customer issues, given that related terms – customer (435) and value (432)

– appear quite often in the universe.

Similar to the previous run, for the network diagram, we left only nodes with a minimum of

50 hits and ties with a Jaccard coefficient of 0.15 or stronger (see Figure 2). Two communities

constitute the core of this universe: the first one covers business organization / management

and technology use in connection to customer value, and the second deals with firm perfor-

mance on the market or within industry. Technology adoption, being located rather on the

periphery, is however connected to the core. The node ICT does not belong to any com-

munity and is located at the edge of the core, which confirms our idea that business-related

articles do not focus too much on the overall effect of communication technologies. Overall,

the periphery seems to be even more dispersed than in the run for economics, but what is

truly surprising is that entrepreneurial issues, even having a good number of hits through

the abstracts, do not appear neither in the core nor at the periphery. Generally, it again

supports our statement from the literature review section that the link between ICT and

entrepreneurship does not lie in the focus of the scientific community nowadays.
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Figure 2: Co-occurrence network in search query ICT / Business

1.5 Concluding remarks

The text-mining analysis clearly demonstrates that several important aspects regarding the

role of ICT in society are still unclear. While the scientific literature is enriched with papers

exploring the importance of communication technologies for firm productivity and economic

growth, a serious research gap exists in understanding how ICT influences entrepreneurial

patterns, the location of new ventures, and the innovative activity of firms. Even though

scholars encountered several complexities in describing those issues, we still believe that

further research should primarily address the above-mentioned problems.

Our study has some limitations as well. Prior to all, although KH Coder is powerful software

for quantitative bibliometric analysis, its reliability is a question to dispute. The main hurdle

is that KH Coder is unable to extract all the terms correctly, for example, specific terminology

or words and phrases that are similar in meaning. We overcame this problem partially by

replacing all the synonymous words and definitions (also with various spellings) with a single

analog. The second issue refers to the problem that, depending on the selected Jaccard

coefficient, the co-occurence network will be plotted based on a certain number of nodes but
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not the entire universe. Higuchi (2016) leaves a hint that the value should lie between 0.1

and 0.2, so the number of depicted nodes should not be excessive and make interpretation

difficult. We followed the recommendation and decided to plot the most important ties and

nodes on the diagram (nearly a hundred) as long as the quality (power) of co-occurrence

outweighs other criteria in the text-mining analysis. Finally, some shortcomings come along

with the extraction from the ISI Web of Science, as we primarily rely on tags and keywords in

the paper abstracts, although manual checks helped to exclude the vast majority of irrelevant

articles. Notwithstanding, we hope that the outcome delivers a clear message that possible

research gaps have to be covered by scholars in the next few years.

1.6 Updates and comments

Five years after we ran our initial bibliometric analysis, it still seems that the scientific com-

munity has not progressed too far in understanding the role of broadband in the emergence of

new businesses, although certain shifts have been documented in the literature. The majority

of new papers refer to the US case and sometimes rely on data for earlier stages of high-speed

broadband development. For instance, one of the most recent studies by Stephens, Mack, &

Mann (2022), albeit based on outdated data from the (A)DSL era, analyses the nationwide

relationship between internet and the emergence of new businesses for dial-up and early and

comes up with the conclusion that areas with initial better broadband availability attracted

more new businesses in subsequent years. Another study for the US (Deller et al., 2022)

explores the effects of broadband in rural areas and confirms that better internet access plays

a visible role (even though not a casual one) in rural entrepreneurship, thus contributing

to higher start-up rates. The same outcome is also traceable in one more study for rural

America (Conroy and Low, 2022). In addition, there is evidence that broadband quality has

different effects on entries and exits across economic sectors but also rural and urban markets

(Chen et al., 2023): positive net establishments in construction and professional services and

firm population losses in hospitality, urban retail, and rural manufacturing.

Few updates besides US have also appeared in recent years. One of the most interesting is

the impact of 4G internet appearance on business activity in Bangladesh (Islam, 2019), which

supported potential founders with advanced possibilities for growth. In the case of Ecuador,

broadband enhances economic diversification and reduces poverty in the country, for example,

by creating opportunities for small-scale farmers (Galperin et al., 2022). The most up-to-date

study for Spain (Galicia region) also considers digital and financial inclusion as important

factors in promoting entrepreneurship in rural areas (Romero-Castro et al., 2023). Another

study for France reveals a modest broadband effect limited to regions with better economic

conditions or demographics (Duvivier and Bussière, 2022). Aside from the effects on entries,
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we found one interesting entry for the case of Germany exploring the heterogeneous effect on

firm productivity across industries (Bartelsman et al., 2019). Finally, papers that served as

the basis for this cumulative dissertation (see List of Publications) also contributed to better

understanding the relationship between broadband provision and firm entries in Germany,

Lithuania, and Palestine.

Hence, we may see that the majority of new papers explore the effects of broadband de-

velopment in rural or underperforming regions, which generally experience severe problems

in attracting potential founders. In this case, broadband serves as a way to diminish the

disadvantages of remote areas against urbanized ones – for instance, in terms of physical

infrastructure, the presence of high-skilled labor and research units, etc. – as with better

connections, firms are able to do the usual business routine without being physically present

in big cities or agglomerations. In the next section, we will see by the example of Bran-

denburg, a less urbanized region that surrounds the capital state of Berlin, how broadband

influences entrepreneurship in remote areas.
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2 Is ultra-broadband enough?

The relationship between high-speed internet

and entrepreneurship in Brandenburg

Abstract. Recent improvements in broadband infrastructure in Europe have introduced augmented possi-

bilities for both businesses and individuals. As expected, the provision of high-speed internet connections

for European users will be an important step towards Industry 4.0 as well as a better entrepreneurial milieu.

Still, though the scientific literature is replete with examples of how modern communication technologies boost

productivity and economic performance, not much research indicates how broadband technologies may bolster

entrepreneurship, especially at a very detailed municipal level. The aim of this study was to find out whether

high-speed broadband provision had any effect on higher firm entry rates in Brandenburg, Germany. This

region was chosen because of its favorable position in the vicinity of the capital state, Berlin. We carried out

an ordinary less squares estimated regression analysis using a dataset built for 417 municipalities. The results

show that ultra-broadband provision had no significant impact on well-performing municipalities and those

located close to Berlin, with no impact in the general model, and also had a negative correlation in underper-

forming and peripheral areas (significant at a 5% level). This leads to the conclusion that advanced broadband

infrastructure does not automatically translate into higher firm entry rates; there is no such urgency in the

need for speed, as it might appear at first glance.

2.1 Introduction

Level of entrepreneurial activity, traditionally represented by firm formation rate, is consid-

ered a main indicator of both regional and national economic development (Noseleit, 2013).

Since higher firm entry rates create the appearance of a competitive milieu, a positive net

entry ratio represents a sign of further development, along with a reduction in the possibility

of lock-in situations (David, 2001).

Clearly, firms do not show up from nowhere, but rather local infrastructure is a fundamen-

tal prerequisite in attracting potential founders to the region (Haynes and Nijkamp, 2006).

Recent scientific literature mentions a wide range of factors that are conducive to increased

market entry, from physical infrastructure to the presence of high-skilled labor (see Akerman

et al., 2015; Qosasi et al., 2019, etc.). One more factor — digital infrastructure — seems to

be of particular importance in recent years: modern information and communication tech-

nologies (ICTs) have introduced a paradigm-shift in entrepreneurship over the past decades

by blurring both time and space boundaries.

More countries are recognizing that ICTs may bolster both economic development and en-

trepreneurship, paving the way to tremendous transformations in broadband provision glob-

ally (OECD, 2012). Some areas seems to be more advanced in their digital strategies, such

as the European Union with its comprehensive policy called the Digital Agenda for Europe

(European Commission, 2010), which proposes bringing high-speed internet to European
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households and encourages the promotion of next-generation access network (NGAN). It is

expected that advanced digital infrastructure will be a fundamental step in the transition

towards Industry 4.0 and will promote entrepreneurship quickly, starting at a regional level.

The latter notion, however, represents a common misconception that developments in broad-

band provision lead to positive transformations in entrepreneurial patterns. Truly, businesses

require better connections, for instance, in terms of data exchange or ensuring the smooth

functioning of web-based applications. However, broadband cannot guarantee higher net en-

try rates or considerable advantages for existing and new firms. Even though scholars have

observed a positive impact of ICTs on entrepreneurship (McCoy et al., 2018) and the innova-

tive capabilities of firms (Xu et al., 2019), the rule the faster, the better does not necessarily

work in the context of economic benefits (Bai, 2017).

Still, while most scholars have analyzed the effects of ICTs’ development at aggregated levels

(cross-regional or [multi]national), very few studies try to dive a bit deeper. Our paper is

not the first to explore the relationship between broadband and firm entry rates in Germany

(Audretsch et al., 2010), but it is among the first ones searching for such effects at a very

detailed level (municipalities). Older papers on the municipality level (Fabritz, 2013) date

back to outdated internet technologies such as DSL.

The Brandenburg region was chosen for our study to a great extent because of its geographi-

cal features: first, it is located in the eastern part of Germany, where a partial inheritance of

socialistic patterns (particularly in terms of entrepreneurship) is still present; second, Bran-

denburg is adjacent to Berlin, so new and incumbent firms may benefit from most of the

advantages of the German capital (Destatis, 2018). Though the role of broadband internet

in Brandenburg may seem questionable given that the vast majority of its territory is rural,

with a relatively small number of big cities, Kim and Orazem (2017) found that such an adja-

cency to a metropolitan area with good high-speed internet availability can be conductive to

potential entrants. In our research, we used data from Breitbandatlas Deutschland (Broad-

band Map for Germany) as well as officially distributed data from the Federal Statistical

Office of Germany from Regionaldatenbank (Regional Data Bank) and Unternehmensregis-

ter (Registry of Companies) for 417 Brandenburg municipalities. An ordinary less square

(OLS) estimated regression was chosen as the scientific method for our empirical analysis.

Our paper unfolds as follows: Section 2.2 provides a brief literature background. Section

2.3 presents an overview of the EU Digital Agenda and its fulfillment in Germany, with

special consideration of Brandenburg. Section 2.4 describes existing entrepreneurial patterns

in Germany, first from a nationwide scope and then focusing on our particular case. The

data and results of our regression analysis follow in Sections 2.5 and 2.6, respectively, and

finally, Section 2.7 concludes our paper with a short summary.
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2.2 Literature background

The spurring effect of ICTs is well documented in the scientific literature. Above all, there is

a strong belief that telecommunications contribute to overall economic growth and business

activities. Such a positive effect was already observed in the case of telephony (Hardy, 1980),

both for developing and developed countries. Further studies also revealed a link between the

development of telecommunications and productivity gains (Cronin et al., 1991; Greenstein

and Spiller, 1995). More precisely, nearly a third of economic growth in more than twenty

OECD countries in the 1970s and 1980s can be attributed to telecommunication infrastructure

(Roller and Waverman, 2001).

The introduction of dial-up and later broadband internet also served as catalysts for business

activity (before all for small businesses, see Qosasi et al., 2019) and productivity gains (Hagén

et al., 2008; OECD, 2003), rather than making the overall effect of high-speed connections

seem stronger (Grimes et al., 2012). Still, some researchers could not confirm with a high

level of confidence a pronounced enabling effect of ICTs (Haller and Lyons, 2015) because of

the related factors of the presence of high-skilled employees (Akerman et al., 2015; Mack and

Faggian, 2013) and larger investments into skills and strategic transformation (Colombo et

al., 2013). Further studies connect ICTs and economic performance with innovative activities

(Suryanegara et al., 2019; Xu et al., 2019), improvements in technologies and infrastructure

(Koutroumpis, 2009), and higher employment rates and economic gains (Jorgenson and Mo-

tohashi, 2005; Lehr et al., 2006).

Although numerous studies recognize the importance of ICTs in creating a favorable en-

trepreneurial milieu, it is quite stunning that very few scholars have tried to link their impact

to entrepreneurship itself (Sarachuk and Mißler-Behr, 2020a). In the most up-to-date study,

McCoy et al. (2018) observed the positive impact DSL and fiber broadband connections had

on high-tech business sectors, with the latter being more beneficial. There was some evidence

that ICTs may serve as substitutes for handshake interaction (Mack, 2014), especially in pe-

ripheral areas (ICTs may serve as an enabling power in stagnating and lagging regions, see

Fornefeld et al., 2008), despite the fact that some findings associated the positive effects pro-

duced by broadband provision with core regions (Capasso et al., 2016), namely metropolitan

areas.

A small cohort of scholars has tried to link ICTs with business location patterns. Parajuli and

Haynes (2017) observed the spatial variety effects of broadband provision on new business

formations, while Kim and Orazem (2017) found a positive effect of broadband availability

on locating new firms in rural areas, amplified in cases of high population and adjacency to a

metropolitan area. Contrast to that, Mack and Grubestic (2009) failed to connect changes in
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firm location with improvements in broadband provision in Ohio, USA, although at a firm-

level analysis, firm size and industry were observed as important features. Later research on

the same area revealed that agricultural and rural establishments are prone to be located in

areas with better broadband connections (2014).

2.3 Broadband development in Europe and Germany

Over the last few years, the structure and quality of telecommunications have experienced

numerous radical changes. Europe’s digital transformation is largely associated with the

emergence of the Digital Agenda for Europe, a ten-year plan underlining the importance of

broadband deployment to promote social inclusion and competitiveness (European Commis-

sion, 2010, p. 19). The initiative proposed that all European citizens get basic broadband

access by the end of 2013, but also that internet speed across Europe must reach a minimum

threshold of 30 Mbps by 2020. Besides that, the EU Digital Agenda sets a target to promote

NGAN and make them available to at least half of European households7.

A question, however, arises: are all EU countries capable of developing their own digital

infrastructure in order to achieve a spurring effect on entrepreneurship? Generally, the answer

is negative, in so far as some countries have failed to meet even the first target for basic

broadband access (like Italy, see Matteucci, 2014). As Vassiliou and McAleese (2014) mention,

European governmental institutions often miss straightforward policies and targets; as a

result, organic technological development is utterly impossible8.

Germany, being a flagship European economy, has performed adequately with respect to the

implementation of Digital Agenda goals, thanks to better overall digital skills and technology

acceptance. Still, Germany’s development of its own digital infrastructure is not that much

better than the EU average, as demonstrated by the latest DESI Report (European Com-

mission, 2019c): for instance, urbanized areas deserve more attention in terms of broadband

infrastructure (before all NGAN), as they are potentially better places for new businesses.

Reports from BMVI (2014, 2018) demonstrate that even the first objective has not been

7A further update in 2016 sets three additional goals for 2025 (European Commission, 2020a): (1) stable

5G wireless coverage for cities and major transportation lines; (2) a minimum download speed for European

households of 100 Mbps and the promotion of 1 Gbps; while the latter speed (3) must be granted to “all

schools, transport hubs, and main providers of public services and digitally intensive enterprises.”
8As of 2018, broadband coverage for EU citizens was nearly 97% and 83% for faster broadband, while in

just 10 EU Member States, more than 99% of households were covered by high-speed Internet connections.

Additionally, rural areas seem to be underdeveloped across the whole of Europe, in contrast to urbanized areas

(European Commission, 2019a). Malta was the first country to report the accomplishment of NGAN coverage

in 2017 (IHS Markit, 2018), followed by the Netherlands and Belgium, while Lithuania, Poland, Romania,

and Slovakia are falling short of even the first milestone.
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accomplished so far, and the successful realization of the second part of the Digital Agenda

by the end of 2020 is highly questionable (European Commission, 2019e).

Some pronounced differences may be observed between the former western and eastern Ger-

man states. Just three city-states — Berlin, Hamburg, and Bremen — benefit from the

best high-speed coverage, close to 100 percent. In contrast to the west, the eastern part of

Germany lags in terms of fast broadband coverage. Brandenburg, specifically, does not have

the worst coverage: basic broadband provision quality (16 Mbps and 30 Mbps), at least, is

almost indistinguishable from western states. However, together with Saxony-Anhalt and

Thuringia, Brandenburg has the most underdeveloped NGAN infrastructure, especially for

connections at speeds of 100 Mbps or better. It is fair to say that Brandenburg has far fewer

urbanized areas and big cities, but that does not justify weaker broadband coverage given

the presence of huge rural areas in the western part of Germany as well. It is generally true

that Brandenburg municipalities located closer to Berlin benefit from better connections (see

Figure 3), and the periphery remains covered primarily with basic technologies (with the rare

exceptions of Cottbus, Pirow, or Welzow; see BMVI, 2019a for more information).

Figure 3: Broadband coverage at ě30 Mbps and ě100 Mbps, 2018

Source: BMVI, 2019b

2.4 Entrepreneurial milieu in Germany: a short overview

Germany is often named as the driver of the European economy, but, despite good overall

economic performance, its entrepreneurial milieu is not the best in Europe, as the level of

self-employment has remained rather weak in past decades (OECD, 2018). One of the major
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reasons for this is the presence of pronounced differences between the former western and

eastern parts of the country with respect to entrepreneurial behavior and innovative activity.

The core industries of East Germany are those with a lower share of high-skilled employees

(Ragnitz, 2007) — in contrast, the former West Germany is full of labor- and knowledge-

intensive industries. Poor networking, as reported by the Global Entrepreneurship Index

(Ács et al., 2018), may explain why eastern Germany still lacks R&D clusters and demon-

strates lower levels of regional competitiveness (Kosfeld and Mitze, 2020). Overall, the largest

impediment to German entrepreneurship is a lower entrepreneurial spirit compared to other

developed economies, which is closely connected to the lack of entrepreneurial education at

universities and schools (Bittorf, 2013). Last but not least in the problem of social accep-

tance of start-ups and their success, an entrepreneurial failure in Germany is rather treated

as a reputational loss (Wyrwich et al., 2016), while American culture follows a no pain, no

gain principle, thus encouraging entrepreneurs to carry on in the face of setbacks. Global

Entrepreneurship Monitor additionally reports that, on average, people with a higher level of

experience and gathered knowledge, aged fifty or more, are more likely to open a successful

business (Sternberg and Bloh, 2017), rather than young individuals.

Since the economic recession of 2008–2009, the total number of firms in Germany has increased

by nearly 1.3% (as of 2018), but positive net entry rates are primarily observed in western

Germany (with Rheinland-Pfalz and Saarland as exceptions). It is also not surprising that

the capital Berlin is far ahead with a more than 7%–increase in business population from

2015 to 2018. At the same time, eastern Germany is constantly shedding active businesses.

Brandenburg, however, does not seem to be a lagging region, but it is stagnating. Still, as is

the case with broadband, higher entry rates can be observed for municipalities located closer

to Berlin (see Figure 4), while entities on the periphery lose entrepreneurial activity from

year to year. A substantial loss is observed mainly in the manufacturing sector (the annual

net entry rate is -566 firms), while the service sector (+272), knowledge-intensive business

services, and ICT (+231) are performing much better.

2.5 Data and Methodology

As we have stated, the aim of this paper is to prove whether the recent improvements in

broadband infrastructure in Brandenburg have had any effect on entrepreneurial activity. As

we know from Section 2.3, basic broadband provision (at ě30 Mbps) does not differ much

between Brandenburg municipalities, while some pronounced differences may be found for

augmented broadband technology availability as well as recent changes in firm population.

Therefore, we decided to look at whether better coverage with ultra-broadband internet at

speeds exceeding 100 Mbps has any plausible influence on firm formation in Brandenburg.
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Figure 4: Changes in firm population Brandenburg municipalities, 2015-2018

Source: Destatis, 2018

Besides digital infrastructure, firm formation depends on a wide range of factors, like business

formation size (Fritsch and Falck, 2007), social diversity (Lee et al., 2004), and the presence

of high-skilled employees (Mack and Faggian, 2013). Some other aspects, such as proximity

to universities, which is especially important for knowledge-intensive businesses (Audretsch

et al., 2005; Mack, 2014), physical infrastructure (Holl, 2004; Percoco, 2016), and industry

type (Mack and Grubesic, 2009), could also be taken into consideration.

We were, however, unable to include all the aforementioned control variables in our regres-

sion model due to the very limited amount of data available at the municipality level. For

instance, higher GDP and income per capita mean greater household wealth, and, as sug-

gested, that may translate into new business formations (Parajuli and Haynes, 2017). These

data, however, were not available, so instead we used the tax revenue per capita of munici-

palities, which is connected to employment income and household wealth. We also included

population data, namely density and size of the economically active population (aged 15–65),

as far as they positively affect new firm formations (see Armington and Ács, 2002). In ad-

dition, unemployment may necessitate entrepreneurship, so we included that parameter as

well. Culturally diverse areas may be more attractive to entrepreneurs (Hart and Ács, 2011),

so we included the number of people with a migratory background in our model. Physical

infrastructure, such as proximity to the nearest airport and road and railroad accessibility,

is often described as a driver of entrepreneurship (Percoco, 2016) and was not overlooked.

The final variable is proximity to universities, as they disseminate knowledge (knowledge

spillovers) and provoke higher firm entry rates.
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Taking into account that our data were retrieved for 2018 only and we are searching for a

relationship between firm entry rate and ultra-broadband internet, we use the classic OLS

estimated regression method in our analysis, as was done in studies by Kolko (2012) and

Fabritz (2013). The equation we developed is as follows:

FE2018 “ α ` β ˆ UBB2018 ` γ ˆ Controls2018 ` ϵ, r1s

where (a) FE2018 is our dependent variable, firm entries in 2018, gathered from the Registry

of Companies Brandenburg; (b) UBB2018 stands for ultra-broadband coverage, our explaining

variable, derived from the Broadband Atlas for Germany; and (c) Controls2018 is a matrix

that includes demographic, physical infrastructure, and financial performance data gathered

from the Regional Database Germany or calculated on our own. The final dataset includes

data for 417 municipalities in Brandenburg (see Table 2).

We decided not to look solely at the entire sample (Model 1). As some municipalities were

more attractive to businesses due to better economic performance, we analyzed municipalities

with positive average net entry rates from 2015 to 2017 (Model 2), separate from those with

negative net entry rates (Model 3). Entities located closer to Berlin may benefit from better

digital infrastructure and usually have higher entry rates, so we analyzed them (within 30 km

from the state border of Berlin, Model 4) apart from municipalities located in the periphery

and semi-periphery of Brandenburg (Model 5).

2.6 Results and discussion

The results of our regression analysis (OLS estimated) are presented in Table 3. In all models,

the economically active population is strongly and positively associated with firm formations,

which is consistent with the existing findings. Greater unemployment is statistically signifi-

cant in the general model, but also in peripheral municipalities and those with negative entry

rates in past periods. This could explain the necessity of entrepreneurship in underperform-

ing and peripheral areas where unemployed people see no other opportunity than to set up

their own firm.
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Table 2: Description of variables (number of observations/municipalities = 417)

Variable Description Mean St. Dev. Min Max Source

Firm Entries

in 2018

Number of new firms

(business formations)
41.369 101.082 0 1480

Amt für Statistik

BB 2018)

Ultra-Broadband

Coverage

High-speed broadband coverage

at 100 Mbps or more, in %
17.868 24.038 0 93

Broadband Atlas

2019b

Density
Population density,

in hundreds per km2
1.185 2.603 0.076 26.523

Regional

Databank 2018

Population 15–65
Economically active population

aged 15–65, in hundreds
37.799 81.179 2.280 1148.86

Unemployed
Unemployed people,

per hundred inhabitants
2.325 2.191 0.123 38.505

Migrants
People with migration background,

per hundred inhabitants
2.030 3.322 0 39.958

Proximity to

University

Distance to the nearest university,

in km
32.014 16.190 0 82.100 Calculated with

help of Google

MapsProximity to

Airport

Distance to the nearest airport,

in km
74.433 34.188 1 162

Roads &

Railroads

Total density of roads and railroads,

in km2
2.487 2.313 0.220 13.480

Regional

Databank 2018
Real Tax

Revenue

Real tax revenues, calculated as

thousands of Euros per capita
0.843 1.085 0.078 16.856
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Table 3: Results of regression analysis (OLS estimated)

DV: Firm Entries (2018)
(1)

General

(2)

NE 15-17 ą 0

(3)

NE 15-17 ă 0

(4)

Berlin 30km

(5)

Periphery

Ultra-Broadband Coverage

[in %]

-0.0856

[0.0768]

0.196

[0.186]

-0.103**

[0.0471]

0.151

[0.229]

-0.0801**

[0.0362]

Density

[hundreds per km2]

1.0320

[0.722]

1.602

[1.607]

0.978**

[0.0243]

0.484

[1.515]

0.865*

[0.519]

Population

[hundreds]

1.187***

[0.0273]

1.230***

[0.0451]

0.960***

[0.0243]

1.220***

[0.0560]

0.885***

[0.0206]

Unemployed

[per hundreds inhabitants]

3.212***

[0.778]

0.0305

[2.350]

4.126***

[0.462]

-0.571

[2.558]

1.285*

[0.534]

Migrants

[per hundreds inhabitants]

0.410

[0.510]

2.162*

[1.178]

-0.228

[0.320]

5.939**

[2.800]

-0.299

[0.208]

Proximity to University

[km]

0.166

[0.106]

0.0519

[0.214]

0.0802

[0.0717]

0.260

[0.442]

0.00269

[0.0449]

Proximity to Airport

[km]

-0.213***

[0.0531]

0.0180

[0.110]

-0.218***

[0.0364]

-0.219

[0.355]

-0.00767

[0.0253]

Roads & Railroads

[km2]

-1.733*

[0.884]

1.096

[1.905]

0.0640

[0.613]

0.511

[2.634]

0.0925

[0.441]

Real Tax Revenue

[thsd. EUR per capita]

9.023***

[1.405]

8.738***

[1.891]

1.605

[3.001]

9.279***

[2.481]

0.842

[1.316]

Constant -4.230

[5.217]

-22.35**

[10.79]

4.001

[3.991]

-22.30

[21.28]

-3.611

[2.608]

Observations 417 165 252 110 307

R-squared 0.912 0.929 0.943 0.927 0.937

Adjusted R-squared 0.910 0.925 0.941 0.921 0.935

Standard errors in parentheses. * p: 0.1 ** p: 0.05 *** p: 0.01
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In contrast, the presence of people with a migratory background is significantly and positively

associated with firm formation in municipalities located closer to Berlin or with better firm

dynamics, though the significance is just at 10% level. There are two possible explanations:

first, migrants in Germany try to settle in bigger cities or at least closer to them in order

to better integrate into society; second, migrants pursue university degrees in large numbers

and then tend to stay in urbanized areas. Population density does not seem to be important,

except in lagging and peripheral areas.

While existing findings report the importance of research institutions as a source of knowledge

spillovers for businesses (Audretsch et al., 2005), we observe no significance for the proximity

to a university variable in any of the models. However, as Mack and Faggian (2013) mention,

skilled occupations but not necessarily physical distance to a research unit matter, so that

may explain the observed outcome.

Physical infrastructure is generally important, while proximity to an airport is also important

for underperforming municipalities. The negative impact of distance to an airport is clear

(firms tend to locate closer to big cities with international air hubs), while the negative effect

of the density of roads and railways seems a bit contradictory. We interpret that in this way:

the higher the density of transportation arteries in the municipality, the higher the chance

of competition, which may be crucial for the Brandenburg periphery. Financial performance

is generally positive and significant (at 1% level), showing that richer areas attract more

businesses, but particularly in municipalities with higher net entry rates in previous periods

(success-breeds-success effect) and those located closer to Berlin.

The ultra-broadband variable obtained some interesting results. The provision of high-speed

internet does not seem to be statistically significant in the general model or in well-performing

or Berlin-adjacent municipalities. In contrast to that, in underperforming and peripheral

areas, we observed a significance but, surprisingly, with a negative sign. That may seem

stunning given the evidence of the spurring effect of broadband for lagging regions that has

been documented so far (Fornefeld et al., 2008), but broadband provision does not automati-

cally guarantee its adoption or active exploitation (Mack, 2014). Moreover, ultra-high-speed

broadband may have a limited effect, just on particular applications, as Kolko (2010) observed

in the transition from dial-up internet to modern technologies that was mostly relevant to

online music services and online shopping. Hence, though higher up- and download speeds

may seem more attractive for both households and businesses, they are not essential for pro-

ductivity (Mack and Faggian, 2013), innovative activity (Xu et al., 2019), or, as in our case,

firm creation.
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2.7 Concluding remarks

The aim of this paper was to evaluate the impact of ultra-broadband provision on firm creation

at a municipal level in Brandenburg, Germany. While the existing scientific literature shows

high-speed internet provision to be a key factor in economic success, we were unable to

confirm the same in our case. We did not find any statistical significance for ultra-broadband

provision in better-performing municipalities and those located in the vicinity of the capital,

Berlin, or in the general model. In contrast to that, in underperforming and peripheral areas,

the relationship was significant and negative, which does not allow us to state that ultra-

broadband is an important prerequisite for better regional entrepreneurship. Hence, digital

policies may have to incorporate additional aspects (such as the improvement of technological

skills or encouragement of entrepreneurial spirit) and not solely focus on the development of

digital infrastructure. Even though modern technologies might seem fascinating, there is no

urgency in the need for speed over a certain broadband rate.

While we observed some interesting outcomes for the broadband variable, the results for the

rest of the parameters remained in line with the existing literature. Still, some problems were

excluded from this paper due to the scarcity of data at the municipal level. For instance, we

were unable to test the effects of broadband provision along with the presence of technological

skills in a region on productivity, the innovativeness of firms, and possible location patterns.

Though this paper is a rare example of a study trying to investigate the impact of digital

infrastructure at a very detailed level (municipalities), much more work has to be done to

uncover and explain the wide array of effects of high-speed internet.

2.8 Updates and comments

After the paper was published, we received some valuable feedback on our analysis. Most of

the criticism concerned too high R-squared values, which might indicate that our regression

model is overfitted and, possibly, some of the variables were erroneously included in the

regression and have to be dropped.

Initially, we included all available data in the analysis due to the extremely limited number

of regression parameters we could extract at the municipality level. Some of our variables,

though, were highly inter-correlated, for instance, the amount of population and migrants

with the population density; the same result was observed for physical variables – density

of roads and proximity to the nearest university. Those variables were therefore omitted,

leaving only five regression parameters (see Table 4).
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Table 4: Correlation table

Entries Broadband Density Unemploy Airport Tax revenue

Entries 1.0000

Broadband 0.1246 1.0000

Density 0.0952 0.1839 1.0000

Unemployment -0.0649 -0.0198 -0.1457 1.0000

Airport -0.1231 -0.2126 -0.1985 0.1194 1.0000

Real tax revenue 0.1840 0.1754 0.1490 -0.1179 -0.3481* 1.0000

Standard errors in parentheses. * p: 0.1 ** p: 0.05 *** p: 0.01

After that, we repeated the OLS regression (see Table 5). In a new run, we got lower but

still good R-squared values, as well as different estimates. Similar to the initial analysis, the

population statistics are positively and significantly linked to the firm entries (with the only

difference that in the first run we found a strong correlation between population size and, in

the revised analysis, with density). Similar results were recorded for unemployment rates in

peripheral municipalities and those with negative entry rates in past periods, which might

indicate the presence of necessity entrepreneurship. Tax revenue values were also positively

significant (at 1% level but the second model with 5% level), confirming that generally richer

areas seem to be more conducive for potential founders.

Slightly different results were retrieved for the distance from the municipality to the nearest

airport. Contrary to the initial analysis, we observed no statistical significance for the general

model. At the same time, negative significance at 10% level was observed for well-performing

areas, while generally firms try to locate themselves not far away from big cities where

international airports are usually located. On the other hand, a greater distance to the

airport is, surprisingly, positively associated with firm entries in peripheral areas (significant

at 1% level). A possible explanation for that might be that in Brandenburg, remote areas

attract low-tech founders who do not look for cutthroat competition, which is higher in bigger,

agglomerated areas.

The updated results for the broadband variable seem extremely interesting. While in our

previous run we observed a negative correlation with the firm entries in underperforming

municipalities only, now we have observed a significant (at 1% level) and positive link in

all five models. That contradicts our first conclusion that higher speeds do not necessarily

entail higher entry rates or better firm performance, thus at first glance exactly confirming

the documented evidence in the existing literature (Fornefeld et al., 2008) that better digital

infrastructure may be of greater importance to smaller firms and give them a possibility to

grow despite their size, location, or other parameters.
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Table 5: Revised OLS regression

DV: Entries2018 (1)

General

(2)

NE 15-17 ą 0

(3)

NE 15-17 ă 0

(4)

Berlin 30km

(5)

Periphery

Broadband

[% coverage]

0.217***

[0.0351]

0.251***

[0.0525]

0.194***

[0.0460]

0.322***

[0.0804]

0.195***

[0.0375]

Density

[thsd. per sqkm]

0.722***

[0.0582]

0.745***

[0.0841]

0.647***

[0.0799]

0.611***

[0.101]

0.646***

[0.0734]

Unemployment

[% share]

0.251***

[0.0970]

0.201

[0.146]

0.361***

[0.128]

0.173

[0.183]

0.298***

[0.111]

Distance to Airport

[km]

-0.0387

[0.117]

-0.282*

[0.162]

0.188

[0.165]

0.0401

[0.258]

0.431***

[0.154]

Real tax revenue

[thsd. EUR]

0.622***

[0.118]

0.326**

[0.135]

1.103***

[0.216]

0.445***

[0.187]

0.519***

[0.153]

Constant -1.616***

[0.681]

-0.588

[1.037]

-2.628***

[0.922]

-0.949

[1.281]

-3.755***

[0.862]

Observations 417 165 252 110 307

R-squared 0.568 0.692 0.500 0.605 0.411

Adjusted R-squared 0.562 0.682 0.490 0.587 0.402

Variables natural log transformed. Standard errors in parentheses. * p: 0.1 ** p: 0.05 *** p: 0.01

Still, even in this case, we would interpret the outcome with caution. First, we observed only

a one-time period (broadband data for earlier periods was not available), and we were unable

to compare the outcome with the period when the development of high-speed internet lines

was just picking up steam. Secondly, in our analysis, we used the broadband coverage data,

which neither shows the actual use of the internet nor the share of firms surfing at higher

speeds; it just shows the number of households and enterprises in a municipality that could

possibly benefit from ultra-broadband. Finally, Brandenburg is a special case due to the

fact that it encircles Berlin, and many firms take advantage of this by locating in relatively

cheaper areas near the capital, while other regions in eastern Germany, more distant from

Berlin, have no such advantage. In the following section, we will see where the outcome of

this paper holds true for the entire country.
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3 Ultra-high-speed broadband internet

and firm creation in Germany

Abstract. The latest changes in broadband internet provision, as expected, will improve the life quality

of millions of people around the world and simplify the business routine so that even new companies will

be able to compete with well-established ventures. However, while there are numerous examples of how

modern digital infrastructure increases productivity or economic growth, very few papers try to link the

availability of high-speed internet with the appearance of new firms. With our previous research at the

municipality level in Brandenburg, we started to cover this research gap for the case of Germany. Our current

study is focusing on the possible effects of (ultra-)broadband provision on firm entry rates in 401 German

administrative districts and independent cities. Results of our regression analysis demonstrate the significance

of basic broadband availability with respect to the new business formations while ultra-high-speed connections

seem to be statistically insignificant. Hence, advanced digital infrastructure does not seem like an important

prerequisite for a better entrepreneurial milieu, at least in the case of Germany.

3.1 Introduction

More than ten years ago, Europe took its first step in a digital transformation by introduc-

ing the Digital Agenda for Europe (European Commission, 2010), a comprehensive long-term

policy aimed at creating a network-based economic area with a vibrant broadband infrastruc-

ture at its core. With its main postulate – to promote competitiveness and social inclusion

across Europe – the policy stipulated that every household and enterprise should be able to

benefit from next-generation access networks (NGAN) at least at a speed of 30 Mbps by the

end of 2020. It was expected that, on one hand, it would foster potential entrepreneurs to

establish more business ventures, as even small companies would be able to find their place

in the sun. On the other hand, the Digital Agenda has been considered to improve the life

standards of millions of citizens thanks to augmented social and healthcare digitalized ser-

vices, the possibility of making a better choice between various brands, or even the simplified

data exchange between governments and households (e-government).

Despite the fact that the decision taken by the European Commission was in the zeitgeist,

already in the early stages, many experts claimed that the proposed targets seemed very

ambitious. First, the lack of information and communication technology (ICT) skills among

the potential users was obvious, given that more than half of the European citizens had no or

just basic internet skills (European Commission, 2011). Even by 2020, most of the EU popu-

lation had insufficient digital competence: nearly sixty percent had at least basic digital skills

(European Commission, 2020b), while at the same time, more and more jobs require them;

therefore, just a modest number of users may benefit from augmented ICT infrastructure to

a full extent. Second, the speed of digital development is unevenly distributed across the

EU: while some countries, such as Malta and the Netherlands, reported the accomplishment,
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Italy, Romania, and Slovakia were far behind even with the first milestone (IHS Markit, 2018;

Matteucci, 2014). The major reason for that is the general unpreparedness of institutions

for radical changes (Vassiliou and McAleese, 2014), resulting in very slow progress in taking

important decisions and the absence of clear development policies.

Although better digital technologies, of course, are beneficial for society in terms of pro-

ductivity gains (Grimes et al., 2012) or higher employment (Lehr et al., 2006), it does not

necessarily mean that advanced broadband infrastructure entails excessive firm entries or

higher economic performance; as a rule the faster, the better does not perform well in this

context (Bai, 2017). One of the main reasons is exactly that better internet speed usually

transforms into economic gains along with the presence of high-skilled employees (Akerman et

al., 2015), which is utterly possible whether people have only elementary digital competence.

Although there is a well-known bias that advanced ICTs usually lead to higher formation

rates as cooperation between companies becomes much easier and their ways of reaching

customers become much shorter. Still, better digital infrastructure cannot guarantee neither

a better entrepreneurial milieu nor substantial advantages for potential entrants, not least

due to increased market competition (Kandilov and Renkow, 2010).

Despite an increased interest in the problem of how better ICT infrastructure reshapes busi-

ness patterns globally, scholars still cannot confidently answer whether a high-speed internet

may foster potential founders to set up new businesses (Sarachuk and Mißler-Behr, 2020a).

The up-to-date results are rather contradictory, depending on the area of study. We are

mostly interested in the case of Germany, which, on the one hand, has a good total eco-

nomic performance and above-EU-average digital infrastructure, but also drastic differences

between different parts of the country (mainly former western and eastern states). In our

previous paper (Sarachuk and Mißler-Behr, 2020b), we found rather a negative impact of

ultra-broadband internet on firm-birth rate for peripheral municipalities in Brandenburg and

no statistical significance for other entities in the vicinity of the capital city Berlin. This

paper is to continue our research for the case of Germany by taking into consideration the

whole country, but now at a more aggregated level (administrative districts and autonomous

cities), with larger and better data available. This is not the first study trying to look at the

mentioned problem from the regional level (Audretsch et al., 2010; Fabritz, 2015), but it will

be the first that tries to highlight not only the differences between West and East Germany

as many traditional studies have, but rather the western, eastern, and southern (the richest)

parts of the country.
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The paper unfolds as follows. We give a short overview of the existing scientific literature in

Section 3.2. In the following Section 3.3, we describe in a nutshell the case of Germany: the

broadband availability and status of entrepreneurship. Section 3.4 deals with the methodology

and datasets we used for our research. Results of our regression analysis with a discussion

part follow in Section 3.5. Finally, Section 3.6 concludes the paper with a brief summary.

3.2 Literature background

Over the past decades, newer ICTs -– prior to all broadband and ultra-broadband internet

— have transformed the global business routine dramatically as far as they changed the eco-

nomic meaning of national borders and distances (Thurik et al., 2013), reduced the costs of

communication, and made information exchange much easier than before (Vu, 2011). Because

of that, not only established ventures but also smaller companies were able to expand quickly

and compete on the same market alongside market leaders (Jung et al., 2020). Furthermore,

the recent COVID-19 pandemic clearly demonstrated that the demand for ultra-high-speed

digital infrastructure will grow further, for instance, due to the multiple advantages of tele-

working both for companies and employees (Martins and Wernick, 2021).

A positive effect of telecommunication infrastructure on economies and business activities was

already observed in the 1970s and 1980s (Greenstein and Spiller, 1995; Roller and Waverman,

2001) and later on was also confirmed for the dial-up era (Hagén et al., 2008) and broadband

connections (Grimes et al., 2012); hence, high-speed internet connections are regarded as the

important drivers of prosperity (Myovella et al., 2020) and overall economic growth (Gruber

et al., 2014; Koutroumpis, 2019; Mayer et al., 2020; Pradhan et al., 2013; Vu et al., 2020).

Precisely, ICTs are an important prerequisite for productivity increase (Cardona et al., 2013;

Mačiulytė-Šniukienė and Gaile-Sarkane, 2014); however, it applies only in cases where high-

skilled employees (Akerman et al., 2015; Mack and Faggian, 2013) or investments into digital

competence and strategic transformation (Colombo et al., 2013) are present. At the same

time, some researchers were not able to find a substantial enabling effect of modern ICTs

(Haller and Lyons, 2015) or argue that only moderate broad-band coverage levels, not the

gigabit networks that are expected to be deployed by 2025 in some European countries, will

be finally profitable for society (Briglauer and Gugler, 2019).

At the same time, the role of telecommunication infrastructure in entrepreneurship has not

been investigated quite rigorously so far (Sarachuk and Mißler-Behr, 2020a). Very few schol-

ars tried to explain the role of ICTs in setting up new businesses, as, for instance, McCoy et

al. (2018) revealed the higher statistical significance of DSL and fiber broadband connections

for setting up a venture in high-tech business sectors or Hasbi (Hasbi, 2020), who observed

higher firm entry rates in French municipalities with ultra-high-speed internet provision.
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What is, however, a bit better known to date is the possible presence of spatial variety effects

of high-speed internet availability on firm birth rates (Parajuli and Haynes, 2017). Some

scholars mention that modern ICTs can serve as enabling powers for peripheral areas (Mack,

2014) and rural regions (Kim and Orazem, 2017), especially if such areas are benefiting from

a closer location to the metropolitan areas or have higher population amounts. It is argued

that the internet serves as a substitute for handshake interaction in such a case. However,

some studies draw the opposite picture, stating that any positive effects could be observed

for core regions only (Capasso et al., 2016) or that there are minor differences with respect

to the impact of ICTs on firm location (Mack and Grubesic, 2009). With respect to the

case of Germany, there is an obvious research gap; previous studies are rather outdated and

refer to the older communication technologies as DSL (Fabritz, 2013). In our recent research

(Sarachuk and Mißler-Behr, 2020b) for Brandenburg, the region surrounding the capital state

Berlin and, as could be expected, benefiting from its successful location, we found either a

negative relation of ICTs on firm birth rates for peripheral areas or no statistical significance

for other administrative entities.

3.3 The case of Germany

We already mentioned that one of the prime objectives of the Digital Agenda was to promote

entrepreneurship across Europe. It was proposed that a better digital infrastructure could

not only serve as a medium for assisting small and medium companies in their early stages

(for instance, thanks to newer business models) and encouraging their cooperation with well-

established business entities in the later phases, but also as an enabling power for innovation

activity and smart networks, enhancing productivity and economic growth. The successful

realization of those plans, however, would be possible when the development speed is relatively

equal to avoid possible disparities between different regions. Obviously, that is not true for

the entire Europe, but for Germany, we may state that even after more than thirty years after

the re-unification, many pronounced differences may be observed between former western and

eastern German parts.

Former regions of the German Democratic Republic (excepting Berlin) are falling behind by

various criteria, prior to all in terms of wealth of households and entrepreneurship. While

East Germany’s industrial milieu is mainly described as low-tech with a modest share of

high-skilled human capital (Ragnitz, 2007), West Germany has a stronger focus on labor- and

knowledge-intensive industries with higher rates of networking and a growing demand for a

qualified labor force, which has a direct impact on the salaries and wealth of the inhabitants.

Given a modest number of research facilities, it can be clearly seen why the eastern part of

the country lacks R&D clusters and generally demonstrates weak regional competitiveness.
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While the differences between East and West Germany are well studied in the scientific

literature, from an entrepreneurial perspective, this problem is not widely researched, but

mainly from the standpoint of the post-communism transition of Europe (Efendic et al., 2022;

Fritsch et al., 2023). The case of Germany, however, remains interesting, while technological

and knowledge-intensive companies tend to locate themselves in the two richest southern

regions of Germany -– Baden-Württemberg and Bayern — not least due to the higher number

of institutions that contribute to the creation of research clusters and, consequently, a better

entrepreneurial milieu. Even though other former western regions are also advanced in terms

of R&D or innovative activities, exactly the southern part of Germany benefits from the best

living standards and physical infrastructure, as well as collaboration between companies.

3.3.1 Broadband availability in Germany

Germany was among the first countries to successfully integrate the goals set by the Digital

Agenda for Europe into national broadband development plans in 2009. Since that time,

the country has been steadily working on the availability of its digital infrastructure and has

demonstrated rather good performance in internet acceptance due to better digital compe-

tence in the population (European Commission, 2019d). However, that does not hold true for

the digitalization of government, as only a very small share of services are currently available

online for all German citizens.

Despite the recent developments, the overall quality of broadband internet leaves a lot to

be desired. Previously, Deutsche Telekom dominated in the German (A)DSL market (Gries,

2004) with a share nearly by ninety percent (Moody’s (2023) recently reported a market share

slightly above a third), which turned out to be a problem because the majority of German

households still have this type of connection with a standard rate not exceeding 30 Mbit/s,

but what is more disgusting, at a very high price. As of 2016, less than ten percent of users

had the possibility to enjoy ultra-high-speed internet via fiber-optic, but finally, just nearly

1% of all users preferred this type of connection (BMWi, 2016), and by 2020, the number of

such households had increased up to nearly five percent (Koptyug, 2020). Hence, it is worth

saying that the high-speed internet in Germany is not only fast but also quite expensive.

To mention is also that the speed of development in NGAN is not equal throughout the whole

country: bigger cities and highly urbanized regions usually enjoy better digital infrastructure

as they can possibly attract new firms. However, much more differences may be found between

West and East German states: Figure 5 clearly demonstrates that even the availability of basic

broadband (at rates of 30 Mbit/s or faster) is slightly worse in the eastern part (and generally

is better in the southern states), but much more pronounced differences could be observed

33



for ultra-broadband internet connections (200 Mbit/s or faster). Thus, it is quite clear that

even the prime objectives set by the Digital Agenda for Europe were not accomplished. It

is still possible that Germany is able to meet the second goal and provide ultra-broadband

connections to at least half of households as planned by the end of 2020, but it is clear that

this goal may be achieved before all for former western states, while the eastern part will

remain far behind.

Figure 5: Broadband avaliability at 30 Mbps and 200 Mbps in Germany (2018)

Source: Own compilation based on BMVI, 2019b

3.3.2 Entrepreneurial milieu in Germany

Historically regarded as a major driver of the European economy, Germany, showing much

better economic performance than the EU average, surprisingly does not have the best en-

trepreneurial milieu due to several reasons. First, the levels of self-employment remain very

modest, especially in the eastern part of the country, where a partial inheritance of the so-

cialistic attitude towards business can still be observed (Fritsch et al., 2022). As a result,

East Germany has constantly lost business activity in recent years (see Table 6). Contrary

to that, very few areas in West Germany experience such negative firm dynamics. In addi-

tion, north-western and south-eastern parts are showing better performance (see Figure 6),

not least due to the higher level of cooperation between businesses and research entities but

also regional competitiveness that encourages entrepreneurs to invest more in R&D activities

(Kosfeld and Mitze, 2020). Still, it is fair to note that East Germany has much less urbanized

areas and generally fewer inhabitants, which also reflect the business formation rates.
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Table 6: Number of active firms in German states, 2015-2018

Source: Own compilations based on Regionaldatenbank Deutschland 2018

2018 2017 2016 2015 ˘ since 2015

Berlin 187 981 182 214 179 663 175 180 Ĳ 7,31%

Baden-Württemberg 472 664 468 349 464 279 467 205 Ĳ 1,17%

Bayern 633 624 622 156 619 311 618 906 Ĳ 2,38%

Bremen 28 341 26 465 27 109 27 122 Ĳ 4,49%

Hamburg 107 426 102 996 102 930 102 444 Ĳ 4,86%

Hessen 275 043 274 577 273 161 272 617 Ĳ 0,89%

Niedersachsen 294 576 287 936 288 515 287 180 Ĳ 2,58%

Nordrhein-Westfalen 721 390 717 282 716 044 711 967 Ĳ 1,32%

Rheinland-Pfalz 159 461 159 542 160 552 159 809 İ 0,22%

Saarland 37 018 36 798 37 536 37 159 İ 0,38%

Schleswig-Holstein 123 616 122 409 123 037 122 923 Ĳ 0,56%

Brandenburg 98 230 98 293 98 425 97 531 Ĳ 0,72%

Mecklenb.-Vorpommern 60 820 62 081 61 184 63 223 İ 3,80%

Sachsen 163 252 165 174 166 387 166 447 İ 1,92%

Sachsen-Anhalt 71 389 73 831 75 457 76 024 İ 6,10%

Thüringen 79 594 81 757 82 603 83 302 İ 4,45%

Total, of those: 3 514 425 3 481 860 3 476 193 3 469 039 Ĳ 1,31%

micro-firms 89,10% 89,30% 89,52% 89,75%

small and medium firms 10,46% 10,27% 10,06% 9,84%

macro firms 0,44% 0,43% 0,42% 0,41%

Another reason explaining the low entrepreneurial spirit among German potential founders

is the low entrepreneurial culture (Bittorf, 2013). Even though several nationwide projects

promoting business culture and entrepreneurship were launched in the past decade – and

some of them were successful — this problem still requires much more attention. A possible

way to promote the business spirit is the introduction of entrepreneurial education at the

universities and schools, which is obviously lacking in the entire country, but before all, in

the eastern part of the country, where even the number of research institutions is much lower

compared to the country average.

One more serious problem the potential founders encounter has more psychological roots:

the social perception of entrepreneurs and business culture is very mixed in German society.

In fact, just successful businesses deserve much attention from the public, while possible

failures or market exits are often connected with reputational losses (Wyrwich et al., 2016).

This is rather common to the eastern business philosophy and extremely different from the

American way of doing business, where even multiple failures do not necessarily prevent a
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Figure 6: Changes in firm population in Germany (2018)

Source: Own compilation based on Destatis, 2018

potential founder from making another try (the so-called no pain, no gain principle). Due to

that reason, many founders in Germany first gather the necessary skills and knowledge over

a long period of time before setting up their own firm; the mindset of an average successful

entrepreneur is reflected in the mindset of a fifty-year-old or more with many years of work

experience (Sternberg and Bloh, 2017). That is slightly different from the United States,

where youth are encouraged to open firms earlier (for instance, tech ventures are founded on

average five years after graduation), and an average nascent entrepreneur is nearly forty-two

years old (Azoulay et al., 2020).

Currently, a prevalent number of German firms are micro-enterprises with less than ten

employees (nearly ninety percent of the total firm population), although their share is slightly

shrinking compared to small and medium enterprises. With respect to firm entries and exits,

the firm birth rate has generally been positive since the last economic recession at the end of

the 2000s, but, again, the eastern part of the country is falling far behind and losing more

business entities. In the rest of Germany, higher entry rates are observed for the north-west

regions as well as the south-east (Bayern).
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3.4 Data and methodology

The aim of our research is to study the possible effect of broadband availability on en-

trepreneurial activity throughout Germany. Given several pronounced differences in high-

speed internet coverage as well as business formation rates, we run a regression analysis first

for the whole country and then separately for different parts of Germany (for a more de-

tailed description, see Section 3.5) in order to look at possible differences. For the purpose

of our study, we developed a dataset for 401 administrative districts and independent cities

(Landkreise und kreisfreie Städte) based on the latest available data from multiple sources.

Dependent and explaining variables The dependent variable, Firm Entries, was re-

trieved from the Registry of Companies for Germany. It shows the total number of entries

for all economic sectors, irrespective of their size or type of formation, for every administra-

tive entity. The data for this variable were taken in 2018, the last year available in the whole

dataset.

Our explaining variables, Basic Broadband and Ultra Broadband, represent the ultra-

broadband coverage ratio for all the observations at rates of 30 Mbit/s and 200 Mbit/s,

respectively. We decided not to exclude any of those due to some evidence in the literature

that higher speeds do not necessarily contribute to a better entrepreneurial milieu. Both

variables were retrieved manually from the Broadband Atlas for Germany (Breitbandatlas

Deutschland), available at the website of the Federal Ministry of Transport and Digital In-

frastructure.

Population data Not only digital infrastructure but rather a wide set of factors contribute

to firm formation rates. Before all, data about population and its structure are often men-

tioned in the scientific literature to study the effects of broadband on economic patterns,

productivity, or growth. For instance, Armington and Acs (2002) mentioned a positive effect

of economically active population and density rates on firm formation. Clearly, higher pop-

ulation amounts raise more potential entrepreneurs; however, the higher population density

may lead to tougher competition that can hamper entrepreneurial activity. Additionally, the

existing literature stresses the phenomenon of necessity entrepreneurship, a situation where

people without jobs have no other opportunity but to try to set up their own business, so a

higher unemployment rate may contribute to a higher number of entries. Finally, areas that

are culturally diverse may also attract more potential entrepreneurs (Hart and Ács, 2011).

Based on the aforesaid, we included in our dataset variables Population representing the

economically active population aged 15 to 65, Population Density, Unemployment standing
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for the share of unemployed inhabitants in each administrative unit, and Migrants for the

share of people with a migratory background. All these parameters originate from the open-

source Regional Database for Germany (Regionaldatenbank Deutschland) and were retrieved

for the year 2018.

Physical infrastructure Another important driver for entrepreneurship is the availability

of physical infrastructure, such as the density of highways and railroads or the distances to

the nearest seaports and airports. As in the case of Germany, the distance to the airport may

have much more importance as there are only sixteen air gates operating international flights,

while a well-organized system of roads and railways is available for in-country transportation.

Therefore, we included a manually calculated with the help of Google Maps variable Distance

to Airport and also retrieved a parameter Transport Surface representing the density of

transportation infrastructure in square kilometers from the Regional Database for Germany

(Regionaldatenbank Deutschland).

Universities and higher education We already mentioned in Section 3.2 that a spurring

effect of broadband is sometimes observed in the presence of employees with a high level of

competence. Research centers and universities, hence, seem to be very important for a better

entrepreneurial environment in regions as they produce and disseminate basic knowledge that

companies subsequently may use for their own purposes, but they also prepare a high-skilled

workforce. In our dataset, we included a variable Distance to University, the distance in

kilometers from the administrative district to the nearest of 295 state-subsidized research

units, calculated manually with the help of Google Maps. Whether an administrative unit

has at least one university, we assume that the distance is equal to zero.

Much more complicated is the situation with the information for high-skilled workforce itself,

as the last census data gathered in Germany dates back to 2011 and, as we suggest, is pretty

outdated for our analysis. As a way to overcome this problem, we decided to include the vari-

able People with Abitur that shows the share of inhabitants in 2018 holding a German high

school graduation certificate (or equivalent), which is an important requirement to continue

the education at the university. Precisely, only those people who obtained such a certificate

are allowed to pursue a bachelor’s degree, which, in accordance with the European Qualifi-

cations Framework, means that a holder is able to manage complex professional activities.

However, we would rather interpret the result with caution, as not every holder of the high

school graduation certificate in Germany finally accomplishes the study at a university.

38



Table 7: Descriptive statistics for variables (natural log transformed)

Variable Description Mean St. Dev. Min Max

Entries2018 Number of new firms in 2018 7.08769 0.74117 5.26786 10.63960

BB2018 Coverage by basic broadband 4.50684 0.09918 3.93183 4.60517

UBB2018 Coverage by ultra-broadband 4.16500 0.31811 2.63906 4.59512

Population Economically active population aged 15–65 years 11.98103 0.66040 10.44203 15.10881

Density Population density thsd. per sqkm 5.62688 1.10331 3.59800 8.46296

People with Abitur People holding a German high school graduation certifi-

cate (or equivalent)

3.80824 0.07331 3.58629 4.07414

Unemployment Share of unemployed people 1.44564 0.44904 0.33647 2.54945

Migrants Share of people with migratory background 2.44411 0.67412 0.66096 3.78213

Transport Surface Density of transportation infrastructure in sqkm 3.55168 0.80394 1.14422 5.15063

Distance to Airport Distance to the nearest airport in km 3.88291 0.85908 0 5.28244

Distance to University Distance to the nearest university in km 2.13196 1.55169 0 4.50103

Avg Annual Income Average annual net income per inhabitant 3.10719 0.11201 2.79190 3.66423

GDP per capita GDP per capita in thsd. 3.52325 0.32369 2.79972 5.14810
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GDP and personal income Contrary to our previous study for municipalities in Bran-

denburg, we included some financial data in our analysis. Higher amounts of GDP and

available personal income are usually connected with the wealth of households (Parajuli and

Haynes, 2017), and whether households have more spare financial resources, the higher is

the chance that they use these funds to set up their own firms. Therefore, we added both

variables – GDP per Capita and Personal Average Annual Income – to our dataset. Both

variables were retrieved from the open-source regional statistical databases for all German

federal states.

Estimation equation As the dimensions of our variables differ substantially, we use a nat-

ural log transformation in order to normalize the data and make the outcome more plausible.

To avoid the problem that some values in our data (distances to the nearest university and

airport) may be equal to zero, we add a constant value of one to each value of those variables.

Similar to our previous study and earlier works by Kolko (2012) and Fabritz (2013), we use

a traditional OLS estimated regression method for the following equation:

lnEntries2018 “ α ` β1 ˆ lnBB2018 ` β2 ˆ lnUBB2018 ` γ ˆ lnControls2018 ` ϵ, r2s

where Entries2018 is our dependent variable, BB2018 and UBB2018 stand for basic and ultra-

broadband, and Controls2018 is the vector for population data, physical infrastructure, uni-

versities, and financial results of regions and households.

3.5 Results and discussion

Results of our analysis are presented in Table 8. The first, Sample A, covers all of Germany.

Samples B and C represent the former western and eastern parts of the country, respectively.

The two richest southern regions, Baden-Württemberg and Bayern, are represented by Sam-

ple D and would be analyzed apart from the western part of the country (not included in

Sample B). Finally, Sample E refers to independent cities and Sample F to administrative

districts.

Digital infrastructure The relationship between basic high-speed internet coverage and

firm entries is positive and significant in all six models. The effect is, however, more pro-

nounced in the south of Germany and, at the same time, a bit lower in West Germany
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compared to the eastern part. As we mentioned in Section 3.3.1, the broadband infrastruc-

ture is better developed in the southern part of the country, so the outcome does not seem

to be very surprising. However, it may indicate that further improvements in high-speed

internet availability have been made in West and East Germany so that other regions would

be able to reach the same level of business activity as in Baden-Württemberg and Bayern.

In addition, the effect in independent cities is much higher than in more rural administrative

districts. This result could also be expected as bigger cities attract more people, have better

infrastructure, and generally offer augmented possibilities for new entrants. Still, that does

not necessarily mean that rural areas deserve much less attention in terms of the development

of high-speed internet connections. Summing up, the basic broadband infrastructure seems

to be necessary for new entrants in Germany, but it still contributes to more market entries

in the richest regions (Baden-Württemberg and Bayern) and independent cities.

At the same time, the ultra-broadband connections appear to be insignificant in all models

and with negative coefficients. These results are quite similar to our previous study for

Brandenburg (where we found a negative effect of ultra-high-speed internet for peripheral

municipalities), but here we find no statistical significance irrespective of the area. That

again allows for the conclusion that even though the need for speed and the gigabyte era may

be attractive for end-users and entrepreneurs, there is no essence in them at this point in

time.

Population Along with basic broadband, the economically active population is another

factor that has a positive significance at 1% level in all models, which is quite obvious and

stays in line with previous findings (Mack and Faggian, 2013; McCoy et al., 2018). At

the same time, the population density is significant (at 5% level) and negatively associated

(similar to the study of Fabritz, 2013) with the firm entries in the general model as well as

for South Germany and in the case of districts. This outcome could be interpreted in the

following way: the more inhabitants living in a particular area, the higher the number of

potential entrepreneurs, and, possibly, the tougher the competition, which finally may have

a negative impact on firm entries.

With respect to unemployment, a negative significance (at 1% level) is observed for the general

model and also for South Germany, and the same outcome but at 10% level was found for the

administrative districts. While a positive correlation may indicate greater labor availability

(see, for example, papers by Coughlin et al., 1991 and McCoy et al., 2018), a negative result

may indicate the presence of necessity entrepreneurship or the situation when unemployed

people set up a firm as they see no other opportunity (see the study of Hasbi, 2020 for French

municipalities). While for the more rural districts the outcome is rather predictable, it is a
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Table 8: Results of regression analysis (OLS estimated, variables ln - transformed)

DV: Entries2018

Area

(A)

Whole

(B)

West

(C)

East

(D)

South

(E)

Cities

(F)

Districts

BB2018

[% coverage]

0.447***

[0.120]

0.331**

[0.166]

0.552**

[0.234]

0.806**

[0.344]

1.949**

[0.888]

0.507**

[0.112]

UBB2018

[% coverage]

-0.0279

[0.0470]

-0.018

[0.0645]

-0.103

[0.116]

-0.137

[0.0843]

-0.212

[0.234]

-0.0521

[0.0454]

Population

[thsd.]

1.152***

[0.0495]

0.983***

[0.0854]

1.143***

[0.117]

1.273***

[0.0872]

1.330***

[0.153]

1.190***

[0.0504]

Density

[thsd. per sqkm]

-0.0812**

[0.0722]

0.0664

[0.0601]

-0.0679

[0.0799]

-0.152**

[0.061]

-0.0977

[0.104]

-0.163***

[0.0401]

People with Abitur

[% share]

0.076

[0.117]

0.119

[0.207]

0.260

[0.282]

0.113

[5.074]

-0.495*

[0.265]

0.298**

[0.124]

Unemployment

[% share]

-0.105***

[0.0297]

-0.0158

[0.0516]

-0.110

[0.110]

-0.168***

[0.0626]

-0.112

[0.0848]

-0.0543*

[0.0318]

Migrants

[% share]

0.150***

[0.0189]

-0.0108

[0.0403]

0.313***

[0.0849]

0.141**

[0.0612]

0.102**

[0.051]

0.161***

[0.0196]

Transport Surface

[sqkm]

-0.145***

[0.0497]

0.0361

[0.0862]

0.0162

[0.118]

-0.334***

[0.0855]

-0.361**

[0.158]

-0.115**

[0.0486]

Distance to Airport

[km]

-0.011

[0.0118]

-0.0166

[0.0166]

0.0122

[0.0247]

-0.0148

[0.0221]

-0.0227

[0.0185]

-0.0282*

[0.0166]

Dist. to University

[km]

-0.0037

[0.00687]

0.0134

[0.0104]

-0.0169

[0.0169]

-0.000858

[0.0111]

0.0162

[0.0161]

-0.0053

[0.00721]

Avg. Ann. Income

[thsd. EUR]

0.337***

[0.122]

0.365**

[0.164]

0.421

[0.594]

0.149

[0.185]

0.0611

[0.231]

0.727***

[0.146]

GDP per Capita

[thsd. EUR]

0.00267

[0.0344]

0.0414

[0.0459]

0.129

[0.164]

-0.0264

[0.0587]

0.0330

[0.0718]

-0.00914

[0.0442]

Constant -9.144***

[0.764]

-8.218***

[1.129]

-11.58***

[2.519]

-10.05***

[1.739]

-13.56***

[3.968]

-11.52***

[0.807]

Observations 401 184 77 140 107 297

R-squared 0.953 0.959 0.966 0.952 0.971 0.948

Adjusted R-squared 0.952 0.956 0.960 0.947 0.968 0.945

Standard errors in parentheses. * p: 0.1 ** p: 0.05 *** p: 0.01
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bit stunning that we observed a strong importance for the advanced and more technologically

driven southern part where the entry barriers are much higher. However, as we could not

separate the sample for tech and non-tech companies, we may suggest that the possible

existence of necessity entrepreneurship in South Germany refers more to less technologically

driven firm formations.

Not too many papers tried to study the connection between the share of inhabitants with

migratory backgrounds and firm creation (for instance, Hart and Acs (2011) observed the

importance of immigrants in the founding of high-tech companies). Hence, it was quite

interesting to observe a positive and significant relation of the share of migrants with respect

to the firm entries in all models excepting West Germany, but the effect is more pronounced

for the eastern part (compared to the south) and for administrative districts (compared to

cities). Generally, migrants in Germany try to obtain a university degree and then tend to

stay in more urbanized areas as they usually get more career possibilities (Wiedner et al.,

2022). However, we suggest that in the case of entrepreneurship, people with a migratory

background may have more chances in less-competitive areas than in highly-competitive parts

of the country.

Finally, we also did not find any statistical significance that a higher number of people hold-

ing a German high school graduation certificate (or equivalent) contribute to the firm entries

(with an exception for administrative districts). Generally, a greater proportion of the pop-

ulation with higher education is positively associated with higher firm entry rates (Akerman

et al., 2015; Hasbi, 2020). Still, as we mentioned, our variable People with Abitur does not

necessarily show the number of high-qualified people and, hence, should be interpreted with

caution. The real number of university graduates could possibly give much more reliable

information, but, unfortunately, there is no fresh data available at this point in time.

Other control variables Regarding the physical infrastructure, it is interesting to mention

a positive significance at 10% level for the distance to the nearest airport for Sample F but not

in the rest of the models. At the same time, the density of roads and railroads is negatively

significant in all models except for Samples B and C. It may seem stunning at first glance that

a smaller number of firms tend to enter areas with better physical infrastructure, but we may

interpret that in a way due to the higher density of transportation lines, the area becomes

more attractive for potential entrants (and also customers), which finally may initiate tougher

competition between firms. That also may explain why we have observed no significance with

respect to the distance to the nearest university. While firms usually benefit from a closer

location to the research unit, this is also a favorable environment for competition.
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Finally, we did not find any significance for the variable GDP per capita, but at the same time,

we observed a positive and significant (at 1% level) connection between firm formations and

the financial success of regions and households in the general model, which stays in line with

the previous findings (Parajuli and Haynes, 2017; Sutaria and Hicks, 2004). Among other

models, we observed significance only for West Germany and for administrative districts, but

none for the rest of the country. Since in the big cities the entry barriers are usually higher

due to the tougher competition, wealthy households in rural administrative districts are more

likely to make a decision to set up their own firm. With respect to regional differences, the

communist legacy in the federal states of the former GDR largely influenced business patterns

after German unification (Fritsch et al., 2023), and southern states were historically known

for their higher entrepreneurial spirit (Fritsch and Wyrwich, 2017) and stronger cooperative

ties between enterprises and research units, which often played a more important role than

financial performance.

3.6 Concluding remarks

This paper supplements our previous study of the possible effects of broadband availability

on firm birth rates in Germany. Our major finding is that a high-speed internet generally

contributes to more entries, but the effect is more pronounced in the southern part of the

country and much higher in independent cities than in administrative districts. We suggest

that the focus for high-speed internet provision improvements should lie in West and East

Germany, but also more in rural administrative districts, so they have a chance of catching

up in terms of firm entries, while the richer southern part and cities require something more

than the speed of communications. Along with that, an ultra-broadband provision does not

seem to be such an important one, so we have to bear in mind that high-speed connections

do not guarantee their unconditional adoption or exploitation (Mack, 2014).

Several outcomes of our analysis (with respect to population data or availability of physical

infrastructure) stay in line with our last research (Sarachuk and Mißler-Behr, 2020b). We

were able to use some extra information (the financial performance of regions and households,

however, did not deliver too many important results) available at the administrative district

and independent city level, but its scarcity (as for the number of highly skilled employees

in the region) still remains the most important limitation to our research. Furthermore,

this paper analyses the situation at a certain time point and does not give any clue how

the situation changed over time (e.g., at the beginning of the implementation of the Digital

Agenda for Europe and at its latest stage). Hence, our further study has to answer this

question and draw a more comprehensive conclusion about the problem of whether broadband

internet has a relation to firm creation over a longer time period.
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3.7 Updates and comments

Similar to the last paper, we got some criticism on extremely high R-squared values and,

therefore, again decided to check whether all our regression parameters are suitable for the

model. Additional checks revealed stronger pairwise correlations for variables population,

density, share of migrants, transportation surface, and GDP per capita, so we sacrificed them

for better regression modeling. On the contrary, both high-correlating variables broadband

and ultra-broadband were left in the model, as they were in other similar studies (see Table

9 and Appendix A).

Table 9: Correlation table

Entries BB UBB Abitur Unemploy Airport Univer Income

Entries 1.0000

Broadband 0.1871 1.0000

Ultra BB 0.1418 0.3265* 1.0000

Abitur 0.1372 0.0795 0.0740 1.0000

Unemployed -0.0193 -0.0424 0.1794 -0.1466 1.0000

Airport -0.0965 -0.1314 -0.1912 -0.0987 -0.1802 1.0000

University -0.1553 -0.0567 -0.1598 0.0126 -0.0285 0.0709 1.0000

Income 0.1004 0.1948 0.1440 0.2133 -0.1791 -0.0311 0.1569 1.0000

Standard errors in parentheses. * p: 0.1 ** p: 0.05 *** p: 0.01

The updated outcome of the regression is presented in Table 10. Similar to the previous

run, the amount of population qualified for university studies is not significant in all models,

but we already mentioned that this figure does not necessarily correlate with the number of

people holding university degrees and should be interpreted with caution. Unemployment

is negatively significant (at 10% level) only for the eastern part of Germany, where, as we

mentioned, the partial inheritance of socialistic entrepreneurial patterns is still present even

after more than 30 years after unification. Along with that, the estimation is significant at

5% level for districts, which may indicate a presence of necessity in entrepreneurship (Hasbi,

2020), though it is not stunning for rural and underperforming areas.

In contrast to the initial run, we observed the importance of distance to the nearest airport

and universities. Both parameters, as expected, are negatively significant (at 1% level except

for southern regions at 5% level) in all models. A greater negative relation between distance

to the airport and entries is observed in richer areas of Germany as well as in cities where,

generally, physical infrastructure plays a higher role in success. The same holds true for the

distance to the nearest university: companies in richer areas and cities tend to cooperate

more with research units.
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Table 10: Updated OLS estimation

DV: Entries2018

Area

(A)

Whole

(B)

West

(C)

East

(D)

South

(E)

Cities

(F)

Districts

BB2018

[% coverage]

-1.097**

[0.425]

-0.296

[0.590]

-3.906***

[1.105]

-0.867

[0.894]

-0.495

[3.306]

-0.388

[0.348]

UBB2018

[% coverage]

0.451***

[0.147]

0.500**

[0.218]

0.589**

[0.246]

-0.144

[0.410]

1.403

[0.911]

0.831***

[0.129]

People with Abitur

[% share]

0.471

[0.430]

1.061

[0.764]

0.780

[0.590]

0.398

[1.152]

0.742

[1.027]

0.0649

[0.396]

Unemployment

[% share]

-0.0271

[0.105]

-0.147

[0.176]

-0.371*

[0.201]

-0.251

[0.444]

0.476*

[0.275]

0.226**

[0.0984]

Distance to Airport

[km]

-0.337***

[0.0388]

-0.324***

[0.0551]

-0.254***

[0.0708]

-0.331**

[0.0884]

-0.404***

[0.0606]

-0.169***

[0.0474]

Dist. to University

[km]

-0.0892***

[0.0228]

-0.0935***

[0.0346]

-0.104***

[0.0347]

-0.195**

[0.0614]

-0.260***

[0.0560]

-0.111***

[0.0220]

Avg. Ann. Income

[thsd. EUR]

1.528***

[0.412]

1.484***

[0.588]

0.966

[0.616]

2.674

[2.393]

1.029

[0.793]

1.969***

[0.420]

Constant 5.146***

[2.603]

-0.482

[4.105]

17.87***

[5.605]

3.793

[9.475]

-2.166

[14.33]

-0.206

[2.352]

Area Whole West East South Cities Districts

Observations 401 184 77 140 107 297

R-squared 0.329 0.382 0.319 0.341 0.510 0.440

Adjusted R-squared 0.317 0.357 0.283 0.275 0.476 0.426

Prob ą R-squared 0.000 0.000 0.000 0.000 0.000 0.000

Values ln -transformed. Standard errors in parentheses. * p: 0.1 ** p: 0.05 *** p: 0.01

The results for broadband variables, on the other hand, are very different. Initially, we

observed that basic broadband is important in all six models, while ultra-broadband – in

none of them (even with a negative sign). The updated run demonstrates an absolutely

different outcome: ultra-broadband, unlikely to have basic internet coverage, is positively

significant to the firm entries in the general model and for districts. That stays in line with

the most up-to-date studies (Conroy and Low, 2022; Deller et al., 2022), as ultra-broadband

seems to be more important in lagging areas where it may serve as a supportive measure

for potential founders and does not play too much role for well-performing entities. Finally,

average annual income, correlated with the wealth and presence of financial resources for

setting up a firm, is positively and significantly related to firm entries in the general model

and in West Germany but also in rural areas.
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We may point out a couple of drawbacks to our study. First, in our regression modeling, we

present a one-year projection, while panel data with a more than one-year time period would

possibly allow us to draw better conclusions on the link between firm entries and broadband

provision. We were unable to do that, though, due to the broadband data imperfections:

the coverage data for ultra-broadband was first stored from the second phase of the Digital

Agenda, or since 2016; however, older entries to the time point when we started our research

were not available, neither upon request from the Federal Ministry of Digital Infrastructure

nor from the company responsible for data collection and storage. That made it impossible,

for instance, to compare those regions that accomplished the first stage of the Digital Agenda

on time with those that did not comply with the requirements.

Secondly, our data regretfully compares the relationship between broadband and firm entries

only across geographical entities, precisely between well- and underperforming, but also ru-

ral and agglomerated areas, while it could also be interesting to see the differences across

economic sectors (see for reference Chen et al., 2023), which was, though, impossible with

the available data. Partially, we overcame this problem by running one more analysis based

on the so-called difference-in-difference method and comparing the effect of broadband im-

provements over a 5-year time period across rural and urbanized areas and four aggregated

economic sectors. The results of these dif-in-dif estimates follow in the next section.
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4 Broadband development and firm creation

Dif-in-dif estimates for Germany

Abstract. Although some of the outcomes of the digital transformation are reflected in the scientific literature,

the connection between high-speed internet transmission rates and firm entries is still poorly studied. While

some positive impact of basic broadband availability in Germany was found in our previous studies, in this

paper we decided to examine the effects of better broadband coverage between 2014 and 2019 (the second

implementation phase of the EU Digital Agenda) by applying the dif-in-dif method. Except for ICT firms

in district areas and a whole sample of firms in the production sector, our dif-in-dif estimates seem to be

statistically insignificant. That supports the view that just a certain speed of internet is necessary for the

entrepreneurial milieu, while higher transmission rates are beneficial only in some particular cases.

4.1 Introduction

It has been more than a decade since the Digital Agenda for Europe, a policy to promote

the development of EU broadband infrastructure, was successfully adopted. The basic tenet

of the Digital Agenda was that both households and enterprises would benefit from next-

generation access networks (NGAN). The benefit for the former was expected to be increased

living standards thanks to ongoing digitalization processes in the environment, and for the

latter, augmented business opportunities within a better entrepreneurial milieu.

Although the need for digitalization was obviously dictated by the times, some of the goals

reflected in the digital policy were quite ambitious. On the one hand, uneven and insuffi-

cient digital literacy across Europe (the European Commission (2020b) reports that nearly

sixty percent had at least basic digital skills) was an obvious impediment to benefiting from

up-to-date ICT infrastructure. On the other hand, the unpreparedness of a number of gov-

ernments for digital era changes has resulted in uncoordinated policy implementation when

certain countries were severely lagging behind the proposed milestones (IHS Markit, 2018).

Furthermore, the progress in digital development was fueled by the misconception that bet-

ter broadband quality necessarily leads to positive transformations – higher economic output,

productivity rates, innovation activities, or start-up boom – albeit there is no guarantee that

substantial advantages for economic agents will be observed (Kandilov and Renkow, 2010).

While some effects of better ICT infrastructure are well documented in the scientific literature,

a question still remains whether high-speed connections necessarily provoke higher firm entry

rates (Sarachuk and Mißler-Behr, 2020a). Our previous research tried to cover the mentioned

research gap for Germany: we found a significant and positive effect of basic broadband

availability and a weak and negative relationship of ultra-high-speed connections on new

business formations (Sarachuk et al., 2020). Earlier research for municipalities in peripheral

areas of Brandenburg confirmed the latter finding (Sarachuk and Mißler-Behr, 2020b).
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Considering the existing results, we decided to additionally prove the degree of relationship

between advanced broadband connections and firm birth rates in Germany. Our paper is

organized as follows: Section 4.2 presents the literature background, and Section 4.3 delivers

the overview of broadband in Germany. Section 4.4 outlines the empirical method (differ-

ence in differences) and explains how we compared the impact between 2014 and 2018 for

German districts and independent cities with and without substantial changes in broadband

availability. Results are discussed in Section 4.5, and Section 4.6 summarizes the findings.

4.2 Literature background

Among the studies that examine the economic effects of broadband, several core areas of

research may be pointed out: prior to all, the existing literature has enough evidence that

better ICT connections contribute to overall economic performance (Gruber et al., 2014;

Koutroumpis, 2019; Mayer et al., 2020). Then, plenty of papers mention better digital in-

frastructure as an important condition for firm productivity, however, most commonly in

cases of satisfactory digital literacy of employees or computer intensity (Canzian et al., 2019;

Fabling and Grimes, 2021, etc.). Further portions of studies examine complementarities be-

tween organizational capital (Aral et al., 2012; Bloom et al., 2014, etc.), innovation activities

(Xu et al., 2019), or technological improvements (Koutroumpis, 2009) and ICT. Still, some

scholars failed to observe any enabling effects of advanced digital infrastructure or highlight

the importance of basic broadband but not gigabit networks on society (Briglauer and Gugler,

2019; Haller and Lyons, 2015). What is yet heavily understudied is the role of high-speed

internet on entrepreneurship, or firm birth rates (Hasbi, 2020; McCoy et al., 2018). Fur-

thermore, there is no consensus on the spatial heterogeneity of new firm formations with

respect to broadband avaliability (Kim and Orazem, 2017; Mack and Grubesic, 2009; Para-

juli and Haynes, 2017). In the case of Germany, there are just a few, mostly outdated, studies

examining the effects of broadband (Duso et al., 2021; Fabritz, 2013; Heger et al., 2011).

4.3 Broadband in Germany

Among the European countries, Germany was one of the first to integrate targets in its

national broadband infrastructure plan from the Digital Agenda for Europe: in the first

stage, a basic broadband had to be granted to all citizens by 2013, and in the second phase, a

full coverage with fast broadband (at least at 30 Mbps transmission speed) and 50% coverage

for ultra-fast broadband (100 Mbps or more). However, eventually just one of twenty German

Internet users now utilizes a fiber-optic connection. Due to the historical high dominance of

Deutsche Telekom, a major German operator, the overwhelming majority of households were
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traditionally benefiting from DSL or VDSL technology (Gries, 2004) at a common market

speed of 16 Mbps – and, which was even sadder, at an inflated price.

Although the baseline targets of the German national broadband development plan were

accomplished, the ultra-broadband coverage is still distributed unevenly across the country.

To summarize, district-free cities and urbanized districts (Kreisfreie Städte or Stadtkreise)

usually have better digital infrastructure, but also regions of former East Germany are ob-

viously lagging behind by the coverage with ultra-high-speed transmission rates (see Figure

7). Nevertheless, it is fair to say that the broadband provision gap has narrowed rapidly

in recent years due to the Federal Funding Programs for Broadband Development (BMVI,

2021), and it is very likely that in the near future the quality of digital infrastructure will

vary little from region to region.

Figure 7: Coverage at 50 Mbit transmission rate in 2014 (left) and 2019 (right)

4.4 Data and methodology

While in our previous studies for Germany we were looking at the relationship between firm

birth rates and (ultra-)broadband provision with the help of OLS regression analysis, in this

study we utilize a difference in differences (dif-in-dif) method in order to estimate the impact
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of improvements in high-speed internet coverage on firm creation between 2014 and 2019. The

dif-in-dif method evolved from a study by Card (1992) on employment changes in California

and more famous research by Card and Krueger (1994) on changes in the minimum wage in

New Jersey, US. The essence of the method is to calculate the effect on an outcome (e.g.,

employment, as in a paper by Card and Krueger) caused by treatment (e.g., a minimum wage

increase); thereby, the average change in the outcome variable is compared for the treatment

group (with changes over time) to the control group (no changes). The linear OLS model for

observed outcomes Yit may be written as:

Yit “ β0 ` β1Tit ` β2Git ` β3pTit ˆ Gitq ` ϵit, r3s

where Tit is a dummy variable equal to zero in the initial period and 1 in the following,

and Git is a dummy variable equal to 1 for the treatment group and zero for the control

group, so β1 represents the impact for the control group and the treatment’s counterfactual

(∆Y1 “ Yi1 ´Yi0), β2 is the same differential for both groups in T “ 1, and β3 is the unbiased

treatment effect. The dif-in-dif method may also be formulated in an easier way, as follows:

G = 0 G = 1 Difference

T = 0 Y00 Y10 Y00 – Y10

T = 1 Y01 Y11 Y01 – Y11

Change Y00 – Y01 Y10 – Y11 (Y00 – Y10) – (Y01 – Y11) [4]

where a dif-in-dif estimator may be found in the lower right cell and is equal to β3 from the

model described above. In our sample, the treatment group is represented by those German

regions (both district-free cities and districts) where substantial changes in broadband pro-

vision at 50 Mbit9 could be observed between 2014 and 2019. For some entities, we were

able to gather exact coverage data for both periods; in that case, we considered the change

substantial if the coverage ratio increased by ten percentage points. Unfortunately, for most

regions, such precise data was available just for 2019, while data for 2014 was presented in

four coverage ratio groups (10-50%, 50-75%, 75-95%, and 95-100%). In this case, we included

the region in the treatment group only if a substantial change in broadband coverage was

evident (for example, the figure was between 50-75% in 2014 and 85% in 2019). The data

on broadband coverage ratios for 2019 was collected from the Broadband Atlas for Germany

(Breitbandatlas), and for the previous period – from publicly available reports for earlier

periods of German Federal Ministry for Digital and Transport (BMDV).

9As the German Federal Ministry for Digital and Transport (BMDV) did not collect data for broadband

availability at transmission rates exceeding 50 Mbps before 2018, we used this transmission rate for our

estimates in both time periods.
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The general data on firm birth was retrieved from the Firms’ Registry, a part of the German

Regional Database (Regionaldatenbank). Additionally, we took the firm statistics for isolated

economic sectors; however, in this case, the available data are not on the number of new

business formations but on the change in firm population (net entries). The figures were

retrieved for two time periods, the same as with the statistics on broadband coverage.

4.5 Results and discussion

A table below describes our sample with more details. Obviously, in recent years, substan-

tial improvements in the digital infrastructure were observed mainly in more rural district

areas (Kreise), while more urbanized regions (Kreisfreie Städte) already had better internet

coverage by 2014, and therefore substantial changes were observed only in a small number of

district-free cities. We first discuss the dif-in-dif estimates for the whole sample and after-

wards for district-free cities and districts separately, but we also accompany the results with

extra comments on the outcomes for economic sectors.

No

(Control)

With

(Treatment)
Total

District-free cities

Kreisfreie Städte
85 22 107

Districts

Kreise
47 247 294

4.5.1 Whole sample

Table 11 delivers the dif-in-dif estimates of the broadband infrastructure development in

Germany (measured by coverage ratio) over firm birth. The values calculated for each of the

four groups (control and treatment in 2014 and 2019) are the average firm entries, and the

DID estimate is calculated according to the equation [4]. A positive estimate (for example,

the value of 152.034 in the whole sample) indicates a higher number of firm entries in the

treatment group (regions with substantial changes in broadband) over the control group.

Across the sectors, none of them have negative estimates, while knowledge-intensive busi-

nesses and, surprisingly, production benefit more from better transmission rates. A bit stun-

ning is the very moderate result for services and ICT firms, although these sectors have been

developing most actively in the recent decade; however, we should keep in mind that sec-

toral estimates are not for pure firm entries but net entries. Still, with an exception for the

production sector, the dif-in-dif values appear to be statistically insignificant.
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Table 11: Effect of broadband improvements over 2014-2019

Control

(2014)

Control

(2019)

Treatment

(2014)

Treatment

(2019)

DID

estimate

R
2

(F-stat)

Effect of broadband improvements on firm birth rates

Whole
2577.205

(407.037)

2352.682

(371.135)

1418.409

(57.4057)

1345.929

(53.2366)

152.034

(401.26)

0.0359

(9.90)

Districts
2353.872

(261.151)

2214.915

(247.854)

1395.903

(55.9315)

1337.441

(52.712)

80.495

(235.45)

0.0954

(20.52)

Cities
2700.694

(616.514)

2428.859

(561.065)

1671.091

(315.403)

1441.227

(276.305)

41.971

(1657.70)

0.0077

(0.55)

Effect of broadband improvements by economic sectors, whole sample

Production
27.3864

(5.4871)

12.197

(3.7262)

16.2416

(1.9555)

13.249

(1.9956)

12.1968**

(6.120)

0.0156

(4.21)

Services
162.8636

(30.6595)

205.75

(29.467)

76.8699

(5.6659)

120.532

(6.408)

0.7757

(32.161)

0.0438

(12.20)

ICT
15.5227

(4.6931)

12.9849

(4.438)

5.6543

(.6215)

4.3048

(.6085)

1.1883

(4.6867)

0.0201

(5.45)

KIBS
45.6364

(10.0614)

42.8864

(10.4659)

18.3792

(1.5846)

26.7063

(1.8017)

11.0771

(10.7193)

0.0225

(6.12)

Effect of broadband improvements by economic sectors, districts

Production
33.3617

(7.2757)

24.0426

(4.5738)

16.8421

(2.10035)

14.7368

(2.1225)

7.2138

(7.7999)

0.022

(4.37)

Services
153.8085

(21.1949)

217.383

(28.2399)

76.8907

(5.96525)

122.4696

(6.8209)

-17.9956

(25.8163)

0.1084

(23.67)

ICT
14.6383

(3.1164)

5.6170

(2.0359)

5.6194

(.6005)

3.8543

(.6111)

7.2562***

(2.5430)

0.058

(11.99)

KIBS
33.7872

(5.7723)

36.2553

(4.5840)

17.2874

(1.5553)

27.2105

(1.8012)

7.455

(6.3271)

0.0517

(10.62)

Effect of broadband improvements by economic sectors, district-free cities

Production
24.0824

(7.51825)

5.6471

(5.0851)

9.500

(3.7600)

-3.4545

(3.7983)

5.4808

(18.1034)

0.034

(2.47)

Services
167.8706

(46.2568)

199.3176

(43.1278)

76.6364

(18.1481)

98.7727

(16.2703)

-9.3107

(125.348)

0.013

(0.90)

ICT
16.0118

(7.0988)

17.0588

(6.7749)

6.0455

(3.5842)

9.3636

(2.7076)

2.2711

(19.4869)

0.004

(0.29)

KIBS
52.1882

(15.2855)

46.5529

(16.0769)

30.6364

(8.11645)

21.0455

(8.8419)

-3.9556

(44.1705)

0.006

(0.42)

Notes: Firm birth rates or change in firm population are in absolute values.

Standard errors in parentheses. * p ă 0.1; ** p ă 0.05; *** p ă 0.01
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4.5.2 District-free cities and districts

Given the severe differences in broadband development between district-free cities (with bet-

ter digital infrastructure) and districts (with lower internet transmission rates), we decided

to analyze them separately. Positive dif-in-dif estimates in firm creation in a treatment group

over a control group are observed for both cases, but the outcome also seems to be statistically

insignificant.

With respect to the statistics on economic sectors, we also observe some varieties for dif-in-dif

estimates: for the service sector, the outcome in both cases is negative and almost twice as

large for districts. For the district-free cities, we also observe a below-zero dif-in-dif value for

knowledge-intensive businesses; this may be interpreted in a way that better broadband may

provoke an influx of new entrepreneurs and increase competition, resulting in an inevitable

decrease in the number of firms in subsequent periods, which is consistent with findings by

Kandilov and Renkow (2010). Estimates for other sectors rather than KIBS seem to be

higher for districts, but the only one that seems to be statistically significant is for ICT firms

in districts: these firms usually operate remotely, are not so location-sensitive but rather

price-sensitive, and possibly tend to locate themselves in areas with lower rent and workforce

costs.

4.6 Concluding remarks

Unlike in our previous studies, in this paper we tried to prove the impact of better broadband

coverage at high transmission rates on firm establishments in Germany between 2014 and

2019, namely the end of the first and second implementation stages of the Digital Agenda

strategy. Despite the observed positive estimates for firm entries in the treatment group

over the control group, these results seem to be statistically insignificant. The same holds

true for dif-in-dif values in the case of net entries across different economic sectors, with

two exceptions: we confirmed a positive significance at 1% level for ICT firms located in

more rural districts where substantial changes in high-speed internet coverage were made in

2014–2019, but also a positive significance at 5% level for the production sector in the whole

sample. Although the total inconsequential importance of dif-and-dif values was observed in

other studies as well (Wang and Gunderson, 2012), our results rather support the existing

view that just a certain broadband quality threshold is important for economic development.

The only sector where such a need for speed seems to be extremely vital, as we believe, is

the sector of communication technologies, while modern IT solutions usually require better

internet transmission rates and, surely, coverage.
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A couple of data limitations apply to our analysis: first, it was impossible to retrieve precise

broadband coverage ratios for 2014 as the responsible organization could not provide the

information, and we had to rely on previously published reports with more aggregated data.

Secondly, the regional firm birth rate statistics were not available for separate economic

sectors but only in the form of changes in firm population (entries minus exits). However,

these data imperfections do not have an undue impact on our analysis; our further research

will focus more on the problem of whether regions could be attractive for potential firm

founders, to what extent and under what conditions, while internet coverage, as seems from

our experience, is not the main decisive factor.

4.7 Updates and comments

Though a difference-in-difference method seems to be a powerful tool to study the effect of

a policy intervention – in our case, the improvements in broadband provision across regions

– we did not receive too many important outcomes. We may point out a couple of reasons

that we expect to overcome in our subsequent research.

The major issue for our analysis was severe data imperfection. That holds true mainly for

broadband variables; precise coverage ratios for the first phase of Digital Agenda implemen-

tation were totally unavailable, so we ought to rely solely on older reports with aggregated

data. Moreover, the structure of the data collected before 2015 differs from that collected

in later periods; for example, the coverage data at 30 Mbps transmission rate (a target in

the first phase of digital transformation) was missing. That was also the main reason why

we were unable to perform a more complex DID estimation, including an investigation of

broadband effects over several time periods, precisely before treatment (2010), at the end of

the first (2014–2015) and second (2019–2020) stages of the Digital Agenda, and in the post-

phase (2022–2023), also controlling for those entities that did not fulfill the policy targets,

and making estimations for basic- and ultra-broadband for each stage of digital transforma-

tion in Germany. We expect, though, to cover this research gap as missing data will finally

be available, presumably in early 2024.

In addition, the firm activity data was only available without breakdown by economic sector

(in the latter case in the form of net entries), which also may distort the final outcome. Due

to those reasons, we did not conduct further research by including control variables in order

to account for further differences, as, for instance, in the study by Duvivier and Bussiere

(2022) for French municipalities.
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So far, in this dissertation we mainly referred to those publications that studied predominantly

developed countries, and observed the broadband effects in a technologically advanced country

like Germany. However, we have already noted in Section 1 that the up-to-date literature

lacks studies for less developed countries, and the ICT effect on firm creation in them remains

unclear. Thus, we now investigate a couple of such cases in the following sections. We begin

with the case of Palestine in Section 5 describing the situation after 3G was introduced and

offered augmented possibilities for local nascent entrepreneurs, similar to what happened

recently in Bangladesh with the appearance of 4G (see Islam, 2019). Next, in Section 6 we

investigate the case of Lithuania, an underperforming member of the EU with a complex

historical background rooted in severe restrictions on business activity during the Soviet

regime and a complex transition to the capitalistic market.
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5 The introduction of 3G mobile internet and its effect

on start-up formation: A case of Palestine

Abstract. The ongoing digitalization forces both individuals and firms to keep up with modern technologies,

invest in digital literacy, and develop up-to-date skills. However, there are still regions in the world that suffer

from poor Internet quality and remain digitally underdeveloped. A prominent example is Palestine, which

lacks digital freedom due to the restrictions posed by Israeli authorities but also faces a number of internal

problems that hamper entrepreneurship. In our paper, we tried to find out whether the recent introduction

of 3G mobile Internet in 2018 boosted business activity in Palestine. Results of our survey of technologically

driven start-up founders and experts working closely with them demonstrated that recent improvements in

Internet quality are positively associated with business development, though this effect is largely offset by a

poor legislative base and low investments in human capital in Palestine.

5.1 Introduction

A few decades ago, the successful adoption of cutting-edge information and communication

technologies (ICT) and their integration into existing business models were seen as com-

petitive advantages. Nowadays, entrepreneurs cannot stay out of modern technologies such

as mobile and broadband internet connections, especially if they would like to cope with

unexpected crises (like economic recessions or the recent COVID-19 pandemic), achieve a

greater market share, or simply survive. Newer ICTs offer new opportunities and interesting

business solutions, enhance productivity (Airaksinen et al., 2008; Haller and Lyons, 2015)

and innovation activity of firms (Xu et al., 2019), contribute to technological improvements

(Koutroumpis, 2009), etc. Not only businesses but also authorities understand the urgency

of digitalization as an important way to overcome the challenges and try to force the digital

transformation process.

Rich scientific literature on the effects of ICT, surprisingly, does not link too much provision

of better digital technologies with start-up rates (Sarachuk and Mißler-Behr, 2020a), mainly

due to complexity of analysis or data limitations. Furthermore, existing studies focus mainly

on Europe and the United States, while other areas remain rather unattended. For instance,

there is a lack of scientific research on Middle East and Northern Africa (MENA) region,

which has turned into an attractive market for many investors and entrepreneurs in recent

years. An interesting case here is Palestine, which, opposite to well-performing Saudi Arabia

or the UAE, faces multiple challenges, from extremely high unemployment rates of nearly

25% to the overall difficult economic situation (PCBS, 2019a). The recent introduction of 3G

mobile Internet was perceived as a possible impulse to entrepreneurship, as new businesses

could focus not only on the local market but rather on the whole MENA region, with a bundle

of similarities between its countries.
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To understand whether the recent digital transformations in Palestine could be positively

associated with business activity, we surveyed founders of ICT and technologically driven

start-ups and employees working in close cooperation with such firms. Although our results

are based on a small number of completed surveys, we were still able to conclude that recent

digital changes in West Bank encouraged more potential founders to start their own businesses

in the area. We also identified several important challenges for setting up a company in

Palestine, as well as the way firms adopt and use digital technologies.

The paper is organized as follows: Section 5.2 provides the literature background. Section

5.3 follows with an overview of the case of Palestine and introduces the hypotheses. Section

5.4 describes the methodology and data. In Section 5.5, we present and discuss the results

of our survey, and in Section 5.6, we add some remarks and highlight the limitations of our

study.

5.2 Literature background

5.2.1 The economic impact of ICTs

General economic benefits of better ICTs were well studied in scientific literature, even for

pioneer studies on dial-up and the DSL era (Greenstein and Spiller, 1995; Grimes et al.,

2012). Scholars mention, though, several barriers to the adoption of digital technologies, such

as lack of competence among managers (Kezar and Eckel, 2002), shortages in skills (Saleh

and Burgess, 2009), and higher transition or education costs (Muehlemann and Leiser, 2018),

so a positive effect of ICTs could be observed only in the presence of high-skilled workforce,

or so-called skill complementarity effects (Akerman et al., 2015).

Besides a macroeconomic perspective, multiple studies argue about the positive impact of

ICTs at the firm level, for example, in terms of better decision-making in resource allocation

(Linton, 2018), which is highly dependent on the organizational structure of firms (Bloom et

al., 2005). Other findings link broadband and economic gains of firms with their innovative

activity (Xu et al., 2019), development of infrastructure (Koutroumpis, 2009), or higher

employment rates (Lehr et al., 2006).

Yet we do not know much whether ICTs are beneficial for higher entry rates; there is no con-

sensus on whether better digital infrastructure necessarily encourages potential entrepreneurs

to set up their businesses. Some positive findings were observed for firms located in rural

and remote areas (Atasoy, 2013; Kolko, 2012), albeit other scholars counter-proved that such

an effect is barely visible because of increased local competition (Whitacre et al., 2014).
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Some scholars found positive externalities in cases of adjacency to the core regions and/or

metropolitan areas (Capasso et al., 2016).

5.2.2 Studies on ICTs in Palestine

Recent research on Palestine and its challenges focuses mostly on human rights violations

and the simmering political conflict in the area. Some scholars also recognize a positive

relationship between economic growth and investments in digital infrastructure (Aghaei and

Rezagholizadeh, 2017; Sassi and Goaied, 2013), but focus more on the entire MENA region

(Bahrini and Qaffas, 2019) rather than on specific cases.

Two reasons may explain this exclusion: first and foremost, the insufficient (or totally absent)

data that is required to derive some valuable results; second, many scholars tend to be biased

because of the historical background of Palestine and its relations with Israel and, thus,

misunderstand or misinterpret the outcomes. The latter is connected with the issue that

the Palestinian economy works under many restrictions and constraints imposed by the state

of Israel. Most visible is the limitation on freedom of movement for people and goods and

control over land10. Still, ICTs may offer a unique opportunity to Palestinian entrepreneurs

as a medium to grow globally, but due to the existing ‘unfair competition’ among the Israel

telecommunication providers Palestinian cellular network companies are unable to cover the

whole territory, while Israel operators benefit from full area coverage, as follows from the

World Bank Report (Rossotto et al., 2016).

The role of ICTs in Palestine dates back to the mid-1980s, when a few local entrepreneurs

started to develop accounting and word processing software. Oslo Agreements (1995) and the

creation of Palestinian National Authority (PNA) fostered the demand for digital solutions

and hardware, both from the government and private sector, universities, and non-profit

organizations (Wihaidi, 2009). However, the contribution of the ICT sector to the GDP in

Palestine still remains low compared to neighboring countries, despite an increase from 0.1%

in 1994 to 3.3% in 2018 (PCBS, 2020).

5.3 The Palestinian case: Background information

Palestine underwent a long way since 2016, when it was ranked 170th out of 189 world

economies in terms of ease of starting a business, while its actual ranking is closer to the

10United Nations (UN) reports that Israel controls more than 60% of the Palestinian lands and most of the

roads (and borders) between Palestinian areas, so all the imports and exports pass Israel customs, resulting

in double taxation for Palestinians.
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middle (World Bank, 2020). Still, its economy remains underdeveloped, mainly because of

the several restrictions and barriers that hinder the Palestinian ICT sector from developing

and reaching its full potential.

Previously, we mentioned that Palestine lacks full autonomy to develop its own services and

infrastructure, as every improvement should be agreed upon by Israeli authorities. In ICT do-

main that suggests vast control measures over broadband access in Palestinian territories and

imports of specific telecommunication equipment that hampers technological advancements.

For instance, local cellular operators were not allowed to launch the high-speed internet 3G

in the West Bank until 2018, after waiting almost 10 years for permission (Rossotto et al.,

2016). Furthermore, both Palestinian territories (the West Bank and Gaza Strip) remain

poorly interconnected as Israel has heavily limited the number of fiber optic connections

(Arafeh et al., 2015).

Next, the absence of an independent regulatory agency slows down the development of the

ICT sector in Palestine. In 2009, the PNA approved a new telecommunications law man-

ifesting the creation of an independent authority, which has not been established so far,

so all operational issues, licensing, and pricing remain under the control of the Ministry of

Telecommunications and Information Technology (MTIT). The lack of regulations can create

a negative impact on the long-term growth of the ICT sector in Palestine, as the environment

remains uncertain for local and international investors (Avasant, 2013).

Weak intellectual property rights (IPR) protection is another issue that scares off potential

investors. In theory, Palestine acknowledges patents and copyright protection, but the exist-

ing norms rely on very old laws issued in the first half of the 20th century. Local authorities

have introduced several important legislative changes, but due to the political situation, en-

forcement is still absent (Paltrade, 2014). Obviously, strong IPR protection helps in creating

new businesses and supports innovation, but it also enhances competition and raises the

quality and variety of products and services (Alfarraj, 2016).

In addition, the population literacy rate in Palestine is assumed to be very high (99% for

people aged 15–54, see PCBS, 2019b), and the educational system produces enough graduates

but is generally less specialized due to a lack of internships and training programs at universi-

ties (Paltrade, 2014). Palestinian Information Technology Association in their report (2014)

show that there is an obvious gap between university outputs and the ICT market needs in

Palestine: while nearly seventy percent of ICT students expressed their dissatisfaction with

the quality of their education system, the majority of ICT employers complain about the

poor technical and business skills of graduates.
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The scientific literature is full of examples of how ICT contributes to entrepreneurship

(Alderete, 2017; Tiarawut, 2013), increased employment (Shapiro and Hassett, 2012), and

GDP growth per capita (Williams et al., 2013). Still, while the global community is look-

ing forward to 5G technology, Palestine just celebrated the introduction of 3G in January

2018. Still, even from that point, local entrepreneurs could start benefiting from the newest

opportunities. One year after 3G technology reached Palestine, the ICT adoption rate has

increased remarkably: more than 72% of individuals above 18 years old have smartphones

in Palestine and are active internet users (PCBS, 2020). This may be regarded as a turning

point for Palestinian entrepreneurs, and, as expected, it should foster more business ideas

and initiatives and, respectively, higher tech start-up creation rates.

Hypothesis 1. Despite all the challenges, ICTs have made it easier for Pales-

tinian entrepreneurs to start their own businesses.

Hypothesis 2. Mobile internet adoption has a positive effect on entrepreneur-

ship, mainly in terms of firm-level productivity and business communication.

The Palestinian entrepreneurial milieu has been growing steadily since 2009, but despite the

good level of education among the Palestinian start-up founders (55% holding a bachelor’s

degree and nearly 20% a higher degree at the time of founding), their experiences and skills are

perceived as insufficient and problematic for investors, according to the World Bank Report

(2018). Higher levels of entrepreneurship in Palestine may be driven by a higher level of

unemployment (25% nationwide, as reported by PCBS, 2019a), thus representing a so-called

necessity entrepreneurship11. Cowling and Bygrave (2002) suggest that when unemployment

rates are high, necessity entrepreneurship rates will be high as well. Similarly, Llisteri et

al. (2006) found that high unemployment rates were a major factor for the Latin American

entrepreneurship scene.

Hypothesis 3. The entrepreneurship scene in Palestine could be mainly catego-

rized as necessity entrepreneurship.

The Palestinian market, however, is too small and has limited space for new companies’

growth and sustainability. That may explain why local companies focus on international

markets to sell their products and services. The MENA region suits perfectly for expansion,

11Scientific literature distinguishes entrepreneurship based on the motive behind it when entrepreneurs create

businesses because they see opportunities (opportunity entrepreneurship). On the contrary, entrepreneurs may

start their own businesses because they cannot find other suitable alternative sources of income (necessity

entrepreneurship).
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primarily because of a similar cultural background and consumer behavior, but also due to

a higher ICT penetration in society (1.2 mobile subscriptions per inhabitant, see a report

by the World Bank, 2019), and the number of users is expected to double until 2023 (Cisco,

2020). Still, the MENA region also suffers from the same problems as Palestine. A recent

study by PwC (2019) on decision-makers from 200 private businesses across the Middle East

clearly demonstrates that more than half of the ventures suffer from a lack of in-house talents

to achieve the full benefits of ICTs. Furthermore, most of them address these issues by

collaborating with start-ups to increase the skills of their workforces. Those opportunities

could be vital for some Palestinian tech start-ups and outsourcing companies.

5.4 Data collection

The lack of research and reliable data on ICT and entrepreneurship in Palestine was among

the main motives behind this research. Regretfully, we could not find too much official

data on firm dynamics as well as on broadband usage. As a result, we finally opted for a

digital survey: first, due to the ongoing SARS-CoV-2 pandemic, which made face-to-face

communication completely impossible; second, because of the accessibility issues in Palestine

(that may explain why we refused phone interviews or something similar); and third, an

online data collection simplified the process.

The data was gathered between March and May 2020. We distributed the surveys to 112

potential participants, including 63 founders of technologically driven start-up companies who

have started a new business since 3G internet was launched and 49 employees of business

incubators, co-working spaces, and non-profit organizations who work closely with start-ups

and could provide several interesting insights. Totally, 53 surveys were completed – 33 from

start-up founders and 20 from experts. Nearly 80% of all participants were under 35 years old,

which means a huge domination of a younger generation (in both groups). A vast majority of

the start-ups in our sample are based in Ramallah City; the rest are in other cities like Jineen,

Nablus, and Jerusalem. In fact, we failed to reach any participants in the Gaza Strip: the ICT

infrastructure there remains almost completely dependent on Israel authorities (AbuShanab,

2018), in contrast to the West Bank regime with more digital freedom.

Our online survey was divided into two different parts. The first part included only multiple-

choice answers along with three 10-point Likert scale questions measuring the perception of

internet quality and the complexity of opening own business. In this part, the respondents

were asked to express their general opinion on the role of ICTs in Palestine, reasons for

setting up their own firm, and factors that affect productivity. The second part contained

both multiple-choice and free-answer questions and was aimed at getting more details on the
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5.5.2 Entrepreneurial milieu in Palestine: The view of start-up founders

The next portion of questions was distributed to start-up founders only; prior to all, we tried

to investigate the motives behind business creation. Cowling and Bygrave (2002) suggested

that a high unemployment rate, as in the case of Palestine, may serve as an indicator of ne-

cessity entrepreneurship. However, while just one founder confessed that he was unemployed

and because of that he decided to start his own business, almost all others mentioned unique

opportunities or their wish to create a solution to solve the problem they experienced before:

With the emergence of 3G internet, I thought it was a great opportunity to start a

business. In particular, some services were not present in Palestine ! ¨ ¨ ¨ " and

I personally experienced a problem that needed a solution.

Some of my colleagues I used to work with were not satisfied with their jobs and

started to look for opportunities to start their own businesses. I decided to try my

hand at entrepreneurship too ! ¨ ¨ ¨ " as Palestine needs modern IT solutions.

I had lost my job not long before ! ¨ ¨ ¨ " and had no choice but to try to start my

own firm.

Two interesting outcomes may be derived from the aforesaid: first, most technological start-

ups in Palestine are opportunity- rather than necessity-driven; second, most entrepreneurs

tend to create firms to solve problems and deliver better and faster products and (or) services.

As far as opportunity entrepreneurship correlates more with growth-oriented businesses (Fair-

lie and Fossen, 2018), that may be foreseen as a positive sign for the entrepreneurial milieu

in Palestine. Still, as we focused on ICT-based start-ups, that does not necessarily apply, for

instance, to low-tech companies as well, where the outcome may be totally different12. More

than half of the founders also reported three major environmental challenges for start-ups in

Palestine: cost restraints, resistance to change, and a lack of relevant know-how. Surprisingly,

only a small proportion mentioned such issues as technological risks or corruption, probably

due to the fact that it has already become the accepted norm in society and is not perceived

as a serious problem.

Then, we asked our surveyed start-up founders to estimate whether the MENA market could

be a suitable area for expansion. Most respondents mentioned language, cultural, and con-

sumer behavior similarities that serve as deciding factors for tech-oriented companies while

choosing the MENA region as a place for expansion (Figure 11). Furthermore, nearly 70%

12We asked additionally both experts and founders how they evaluate the complexity of setting up their

own company. Less than 20% of respondents evaluate the efforts as ‘easy’ while almost half mention that firm

creation is a very complex process compared to the neighboring countries.
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of Palestinian entrepreneurs believe that in some countries in the MENA region, consumers

have a higher willingness to pay, which also plays well when consumers in the area share

similar behaviors so companies can better understand their needs.

Regarding ICT, few surveyees believe that the MENA region’s ICT infrastructure is in unsat-

isfactory condition for Palestinian start-ups. That corresponds with the report of PwC (2020)

stating that the area has very good ICT infrastructure and the citizens are early technology

adopters and consumers. However, most start-up founders (60%) mentioned some relevant

barriers to ICT adoption, mainly resistance to change and cost restraints, as employees and

stakeholders may try to resist the transformation, so resilient organizations need to be able to

overcome it with minimal costs to adapt to the new environments and circumstances (Day-

ton, 2004). With respect to the costs of ICT adoption, the negative role of Israeli authorities

was mentioned by nearly half of the respondents. In addition, the existing barriers hamper

the development of skills (mentioned by 45% of founders) and cause gaps in relevant know-

how because employees’ competences remain outdated. Still, many projects are aimed at

improving the ICT skills and relevant know-how existing in Palestine; for instance, PITA’s

efforts to close the gap between the universities’ output and the ICT sector demand by doing

workshops and training programs with ICT students.

Finally, we also asked about the usage of digital technologies by businesses. In most com-

panies, it is generally limited to the basic tools such as Google or Microsoft cloud services

(75%) and online advertisement tools (nearly half of the surveyed people); complex tools and

programming languages are used much less. However, the internet is used more frequently

to reach customers: via social media (90%), e-mails (75%) or online ads (67%) rather than

with the help of traditional ways like phone calls (48%), newspapers and magazines (18%) or

radio and TV (12%), although word of mouth (76%), like everywhere in the MENA region,

is still considered an important way of reaching potential clients. However, just every fourth

respondent claimed that their website or app is used to reach customers outside Palestine.

5.6 Concluding remarks

Out of three hypotheses we formulated in Section 5.3, we were able to confirm two. Before all,

ICTs made it easier for Palestinian entrepreneurs to start their own businesses (Hypothesis

1), despite all the challenges and difficulties. Many founders insist that they were able to

create new business models even without having much capital, as well as receive the possibility

to target customers and consumers in other countries. Such capabilities could enable other

entrepreneurs to overcome some of the challenges and make it possible for new business

models to survive in such environments.
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Moreover, even though Palestine was one of the last countries celebrating the introduction

of mobile 3G internet, it was a turning point for potential firm founders (Hypothesis 2) and

helped local firms to have a better reach and more accurate targeting, but also dropped the

communication costs. That stays in line with existing research (Alfarraj, 2016; Shapiro and

Hassett, 2012), and, as expected, when more advanced technologies like 4G and subsequent

5G finally reach the country, the overall impact on entrepreneurship may be even more

pronounced. However, just better digital infrastructure is not enough, and we believe that

local authorities should target the challenges and barriers to ICT adoption first, as well as

make more efforts towards digital transformation in schools, universities, and governmental

organizations. In addition, currently not too much ICT and technologically driven firms

try to reach customers outside Palestine (at least in the MENA region with similar cultural

backgrounds), so we may expect that local authorities have to encourage founders to focus

at least on compatible markets, which seems to be a more strategic solution, especially in the

earlier expansion stages.

We did not find any support to the hypothesis that entrepreneurship in Palestine is mostly

necessity-driven, given a high unemployment rate, which somehow contradicts the existing

studies (Llisterri et al., 2006). Moreover, most of the surveyed founders said that their main

motive was a unique opportunity they saw before starting their own business. That could

be explained twofold: the first reason is a large influence of Israel that hampers business

communication and limits funding options; secondly, our survey focused on ICT- and tech-

nologically based start-ups where firm creation is more complex and the entry barriers are

high. Along with that, our results represent mostly the city of Ramallah and the West Bank,

which have a lower unemployment rate compared to other cities and territories in Palestine

(the Gaza Strip).

In our paper, we did not focus much on the role of Israel in influencing entrepreneurship and

broadband provision in Palestine. Although this question was also included in our survey,

we mentioned that many scholars tend to remain biased because of the complex political

and historical background between Palestine and Israel, so we decided to leave this question

outside of this study. Still, nearly a third of respondents complained about the excessive

control of Israel authorities and their indirect responsibility for the lack of available funding

in Palestine and the inattentiveness of the Palestinian market for foreign investors, which

could be an interesting topic for future researchers.

Israel ! ¨ ¨ ¨ " has a massive negative effect on economic development in Palestine.

They control borders and the flow of raw materials for various industries. That

is why many investors ! ¨ ¨ ¨ " decline investing in Palestine.
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! ¨ ¨ ¨ " funding is scarce ! ¨ ¨ ¨ " and expansion is narrow as well, not to mention

other geopolitical and economic factors ! ¨ ¨ ¨ " that definitely increase the already

slim chances of success.

A negative influence is tied to the growing Palestinian ICT outsourcing business

towards Israel. Outsourcing ! ¨ ¨ ¨ " rather kills the talent with small and frag-

mented tasks.

Some limitations apply to our research as well. Firstly, the sample size was relatively small to

draw many conclusions. However, we must confess that we reached only those technologically

driven firms whose credentials were found in the public domain (there is no centralized infor-

mation about the firm dynamics), and their number was very modest. Secondly, our sample

represents the West Bank start-ups and not the Gaza strip, which could create a gap in

perceptions because both the political and economic situation in Gaza are very different from

those in the West Bank. Moreover, most of the participants were from Ramallah, a capital

city with a high concentration of businesses and government offices, while entrepreneurs in

different locations face different kinds of challenges and perceive things differently. In addi-

tion, the time frame of the study could be a limitation as well, as we conducted our research

during the SARS-CoV-2 pandemic. Finally, the lack of studies on entrepreneurial issues in

Palestine and raw data made it harder to get more objective pieces of evidence. Nevertheless,

we believe that our paper could be the basis for further research, probably with much more

reliable data sources.
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6 Broadband and firm entries in Lithuania

Abstract. The ongoing digitalization has had an impact on economic patterns globally. With better broad-

band infrastructure, new businesses rely more on digital tools and technologies and are able to grow faster and

reach customers in remote markets. However, despite the growing importance of high-speed internet, there is

a dearth of research linking broadband provision to firm entries. This paper fills this gap by examining the

relationship between the improvements in mobile internet speed and the firm entries in Lithuania over the

5-year time period from 2014 to 2019, the active phase of implementation of the Digital Agenda for Europe.

As a result, we observed a negative and significant at 10% level relationship between changes in internet speed

and business creation, which contradicts the recent findings in the existing literature.

Note: This paper is pending revision for the Journal of Telecommunications and the Digital Economy (JTDE).

6.1 Introduction

High-speed internet availability is widely assumed to foster the public and private sectors

of the economy, leading to greater competitiveness, higher employment rates, an increasing

number of firms, and, respectively, overall economic prosperity. Understanding the urgency

of transformations in the digital era, many governments have initiated different large-scale

programs to support the development of ICTs in the last decade, such as The National

Broadband Plan in the United States or Digital Agenda for European countries.

The ambitiousness of the European digital transformation plan was, however, that EU mem-

bers were extremely different at the time of its adoption in 2010. For instance, in Western

Europe, the telecommunications’ infrastructure was generally at a better level (for instance,

the first DSL connections in Germany were offered right before the millennium), though the

networks’ quality varied. On the contrary, in Eastern Europe, the quality of telephone lines

left much to be desired; besides, these countries also had a socialist legacy that shaped a

different attitude toward entrepreneurial culture, innovation, and economic development.

While in our previous research we focused on a better case of Germany, which has been the

flagship of technological development in Europe for decades, for this study we would like to

focus on Lithuania, an Eastern European country with the above-mentioned peculiarities.

We try to explore the link between the developments in broadband availability in Lithuania

between 2014 and 2019 and the changes in firm entries. Our paper unfolds as follows: In

Section 6.2, we provide a short literature background on the topic. Section 6.3 briefly describes

the case of Lithuania from the perspective of broadband development and firm creation. Data

and methodology are presented in Section 6.4, followed by results and discussion. Finally,

Section 6.6 summarizes the outcome of our study.
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6.2 Literature background

The up-to-date scientific literature reports multiple ways in which ICTs improve economics

and society. Even the first papers observed positive effects caused by modern communication

technologies on overall economic growth (Greenstein and Spiller, 1995); this idea was sup-

ported by later findings as well (Gomes et al., 2022; Thompson and Garbacz, 2008). A huge

cohort of authors investigated the link between broadband and firm performance, claiming

better internet availability enhances employees’ productivity (Grimes et al., 2012; Majumdar

et al., 2010); however, some scholars noted this connection exists only in cases of skill com-

plementarity, or the presence of a qualified workforce with respective knowledge as digital

literacy (Akerman et al., 2015; Haller and Lyons, 2015; Tranos and Mack, 2016). Broadband

may also be beneficial for regional development (Atasoy, 2013; Kolko, 2012) in a way that

small firms get a chance to compete on an equal footing with large companies, although

several researchers have warned that a better internet provision may also fuel competition

in rural areas, nullifying any positive effect of ICTs (Kandilov and Renkow, 2010; Whitacre

et al., 2014). The question of whether broadband speed upgrades necessarily contribute to

employment rates among residents is also under debate (Briglauer et al., 2019).

Fewer is known about the positive effects of broadband availability on innovation (Bakari

et al., 2020; Chen and Ye, 2021; Xu et al., 2019) or business location (Duvivier, 2019; Kim

and Orazem, 2017). Also, not too many papers link entrepreneurship and ICTs (Sarachuk

and Mißler-Behr, 2020a), as the analysis is hampered by a large number of other factors

affecting firm creation and, sometimes, by limited statistical data for research. Still, recent

papers (Drilo et al., 2022; Luo et al., 2022; Wang and Zhou, 2022) explored that broadband

availability increased the probability of starting a business, however with the notion that

there is no urgent need for speed but rather a certain speed level is required for organic

business development (Lapointe, 2015).

However, some countries lack up-to-date scientific studies on recent digital improvements and

their effects on economics and society. Lithuania is one such example, for which there are very

few papers exploring the effects of ICT. While some outdated papers are rather descriptive

and study the link between broadband speed upgrades and the public and private sectors

(Gatautis, 2008; Gatautis and Tarute, 2014), newer papers investigate digital collaboration

(Mačiulienė and Skaržauskienė, 2016), the tourism industry (Labanauskaitė et al., 2020), and

the impact on the shadow economy of Lithuania (Remeikienė et al., 2022).
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6.3 The case of Lithuania

6.3.1 Broadband provision

Despite the advent of the first digital line in 1992, the actual history of the modern internet

in Lithuania starts with the new millennium. A main reason for that is that the country

bypassed the (A)DSL era due to the poor quality of the phone network inherited from the

Soviet Union, thus jumping from dial-up to fiber optic lines. The first broadband initiative,

RAIN project, launched in 2004 was focused on spreading the fiber optic lines across the

whole country, mainly in rural regions, so that the internet could be used in remote schools,

libraries, and other institutions.

The broadband development plan in accordance with the Digital Agenda of Europe for Lithua-

nia was approved in 2014 and revised in 2017 (Government of the Republic of Lithuania,

2017). Similar to other countries, this document suggests improvements in the digital liter-

acy of the population, e-government solutions, better connectivity between economic units,

etc. The initial plan was later extended by the Digitization Roadmap for 2019-2030, including

digitalization strategic goals up to 2030.

Although the Digital Economy and Society Index (DESI) ranks Lithuania right in the middle

among all EU countries in 2019 (European Commission, 2019b), some obvious connectivity

problems still remain. For instance, by fixed broadband coverage, Lithuania is still far be-

hind the EU average. Contrary to that, a lot of progress was made with respect to mobile

broadband, as the average mobile internet speed tripled over the time period 2014–2019 (see

Figure 11). That also results in the fact that the country is performing better in terms of

broadband usage by enterprises, even though the population’s digital literacy is below the

EU average. In the upcoming years, Lithuania is planning the transition to 5G coverage,

as well as better digital coverage in remote and rural areas, and developing its digital skills

strategy.

6.3.2 Entrepreneurship

Entrepreneurship in Lithuania has a complex history rooted in its past under the Soviet

regime, when business activity was heavily restricted and private ownership of businesses

was rare. This has had a substantial impact on the entrepreneurial culture, first in terms

of economic development and innovation. Even after Lithuania gained independence in 1990

and started the transition to a market economy, it is still lagging behind many European

countries in terms of doing business.
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Figure 11: Changes in average mobile broadband speed from 2014 to 2019, municipalities

On the one hand, Lithuania is well positioned to continue its growth as a hub for entrepreneur-

ship and innovation in the years to come. Recently, the country has implemented policies and

programs to encourage the growth of small businesses, including tax incentives and access to

financing. A major government target in the last decade and for the upcoming years is to

promote a business-friendly environment for innovation and competitiveness; this initiative

is supported by the majority of municipalities (OECD, 2019a).

On the other hand, Lithuania is facing multiple challenges on its transition path towards

a better entrepreneurial milieu. First of all, the demographic situation remains one of the

most important issues, as more than one million inhabitants have left the country since

1990, and the population size is slightly but constantly shrinking over time. Highly qualified

individuals are more likely to migrate in seeking a better-paying job; this trend became even

more pronounced with accession to the EU.

Furthermore, the financial support of talented young specialists, as well as insufficient en-

trepreneurial skills in the earlier stages of innovative start-up creation, are often reported as

important barriers for nascent entrepreneurs. Partially, this problem has been solved in the

last few years, for instance, by promoting business education at universities and governmental

policies for small firms, so young people became much more active in starting or managing
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new businesses compared to the EU average (OECD, 2019a). Still, most self-employed and

new firms emerge in low-innovation industries, while the share of high-tech start-ups is much

lower, to a greater extent due to a lack of financing, as nearly every second SME in Lithuania

relies solely on internal resources (European Commission, 2018).

Regretfully, the overall view of entrepreneurship is rather negative in Lithuania, as employers

tend to pay the lowest possible salary and thus appear as greedy and unjust people in the eyes

of society (Greblikaitė, 2016). However, entrepreneurs in Lithuania are often forced to do so

because of the time-consuming and complex bureaucracy, market shortages, and economic

challenges, which have been greatly exacerbated since the beginning of the COVID pandemic.

Even though some improvements could be observed over time (see Figure 12), mostly in the

municipalities located in the southern part at the borders of Belarus, Poland, and Russia,

the start-up rate seems to be lower than in other EU countries, mainly because of the fear of

failure, market shortages, and an insufficient amount of high-qualified personnel.

Figure 12: Firm entries per 10 000 inhabitants in 2014 (left) and 2019 (right), municipalities

6.4 Data and methodology

In this paper, we try to explore whether the changes in broadband availability in Lithuania in

terms of the Digital Agenda had some plausible effect on firm entries. While in our previous

studies for Germany (Sarachuk and Mißler-Behr, 2020b; Sarachuk et al., 2020) we made a

simple one-time projection (which, however, just explores the relationship between broadband

and entries), in this paper we try to analyze the differences between two time periods with

fixed effects. The basic regression model in our case may be formulated as:

Entriest “ β0t ` β1t ˆ Broadbandt ` β2t ˆ Controlst ` Ft ` ϵt, r5s
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where F stands for regional-specific characteristics (e.g., surface area) that are different be-

tween observed entities but constant over time. In our case, we compare the effect between

2014 and 201913, years that are considered two important milestones in the Digital Agenda

for Europe:

Entries2014 “ β02014 ` β12014 ˆ Broadband2014 ` β22014 ˆ Controls2014 ` F2014 ` ϵ2014 r6s

Entries2019 “ β02019 ` β12019 ˆ Broadband2019 ` β22019 ˆ Controls2019 ` F2019 ` ϵ2019 r7s

or finally, when a possible bias is eliminated from the model thanks to the omission of F :

∆Entries “ β0∆t
` β1∆t

ˆ ∆Broadband ` β2∆t
ˆ ∆Controls ` ϵ. r8s

Next to the dependent variable, Entries, and the explaining variable, Broadband, we added

a set of control variables. Prior to all, we considered population-related variables: popula-

tion and density rates are usually directly attributed to firm creation (Armington and Ács,

2002). However, we did not include the density variable in our final dataset due to its strong

correlation with some other variables in our model (see Appendix B). We also considered

to include in our model the share of unemployed individuals, as such people may consider

setting up a firm if they see no other opportunity (the so-called necessity entrepreneurship

phenomenon), and the share of migrants, as long as culturally diverse areas also may attract

nascent entrepreneurs (Hart and Ács, 2011). However, a step-wise regression demonstrated

that these two control variables reduce R-square values and thus are not contributing to the

model setting (see Appendix C)14.

Additionally, we have a couple of variables representing population wealth, as households

with spare finances more often decide to set up their own business (Parajuli and Haynes,

2017), while higher poverty risk may diminish the number of new entrants. Finally, financial

aid from authorities, for instance, in the form of municipal expenditures, as well as higher

amounts of foreign investment, may provoke higher entrepreneurial activity.

The dataset for the analysis was compiled from two major sources. Since data on Internet

coverage was unavailable, we decided to retrieve data on mobile broadband speed from the

Communications Regulatory Authority of the Republic of Lithuania15. The data was down-

loaded as GPS coordinates with corresponding measured mobile Internet speeds; afterwards,

13The second milestone in the Digital Agenda was actually set for 2020, but we opted for a previous year

due to the COVID-19 outbreak, which could distort the outcome.
14Both variables were excluded at the stage of robust regression.
15Lietuvos Respublikos ryšiu reguliavimo tarnyba: https://matavimai.rrt.lt/
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Table 12: Effect on Firm Entries in Lithuania between 2014 and 2019

All Areas Low Dense High Dense

Broadband speed

[Mbit/s]

1.488

[3.147]

3.260

[4.984]

-1.247

[1.553]

Active population 15-65

[share]

8.986

[28.64]

49.12

[85.33]

9.663

[9.208]

Average wage

[thousands of EUR]

0.779

[0.870]

1.509

[1.627]

0.687 *

[0.335]

Crimes and misdemeanors -0.0231

[0.0331]

0.00268

[0.358]

-0.00480

[0.00971]

Poverty risk

[rate]

-4.684

[4.607]

-5.806

[7.331]

0.540

[2.362]

Municipal expenditures

[thousands of EUR per capita]

-7.480

[30.88]

-19.06

[62.24]

-3.474

[10.56]

Foreign direct investments

[thousands of EUR]

-6.580

[28.08]

-6.648

[38.71]

-14.20

[22.58]

Constant -402.6

[428.4]

-749.2

[752.4]

-189.9

[165.7]

Observations 60 40 20

Fixed effects Yes Yes Yes

Prob ą F 0.847 0.885 0.364

R-squared 0.060 0.084 0.416

Adjusted R-squared -0.066 -0.117 0.075

Standard errors in parentheses. * p: 0.1 ** p: 0.05 *** p: 0.01

it was mapped in GIS-compatible software, and finally, the average speed rates were calcu-

lated for all municipalities in the country16. The rest of the variables were retrieved from the

official statistics portal of the Lithuanian State Data Agency17.

6.5 Results and discussion

6.5.1 Regression

For our analysis, we additionally divided the whole sample of sixty Lithuanian municipalities

into two parts: high-density areas (mostly main cities and regions surrounding them) and low-

density, more rural areas, similar to what we did in our recent paper for Germany (Sarachuk

16Data available for three major mobile operators in Lithuania: Bitė, Telia, and TELE2
17https://osp.stat.gov.lt/web/guest/pradinis (Retrieved: 30.03.2022)
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and Mißler-Behr, 2020b). Results of our regression with fixed effects are presented in Table

12. Clearly, for all three models, the values Prob ą F demonstrate the absence of statistically

significant evidence to reject the null hypothesis. Hence, we cannot confirm any evidence of

a relationship between our selected variables and our response variable. Furthermore, R-

squared values in all three models seem to be extremely low, indicating that the quality of

our setting is unsatisfactory.

6.5.2 Robust check

Unsatisfied with the first run, we decided to perform additional checks in order to improve

the quality of our model. To begin with, we prove whether our data sample is possibly

contaminated with influential observations (outliers), which may severely distort the outcome.

To do that, we computed Cook’s distance (a measure that combines the data on residuals

and leverages of observations) for all three samples. If an observation has a Cook’s D value

greater than 1, it is considered an influential (outlier) that may have a greater effect on

the regression estimates and potentially distort them; those ones will be dropped for robust

regression. In our case, we found that some of our observations indeed could be considered

outliers (see Table 13). For instance, Vilkavǐskio region has a Cook’s D value slightly greater

than one in the first two samples; similarly, the city of Palanga and Visagino region seem to

be clear outliers.

Table 13: Outliers and Cook’s Distances

Whole sample Low dense High dense

Vilkavǐskio r. 1.0109760

Vilniaus m. -.1825513

Visagino -.0777906

Vilkavǐskio r. 1.2737301 Palangos m. 2.380375

Visagino 1.289704

Vilniaus m. -.5015274

Druskininku r. -.3099306
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After that, we re-run the robust regression (a form of re-weighted OLS regression based on

the idea of goodness of observations), omitting the outliers in each sample. The results are

presented in Table 14. Compared to the previous run, we observe severe changes in Prob ą F

values as well as R-squared. Along with that, we observed the statistical significance (at 10%

level) for explaining the variable broadband speed, but with a negative sign. The share of

economically active population is positively significant in the whole model and for high-dense

areas (at 1% level). At the same time, while average wage is positively related to firm

entries in all of the models, municipal expenditures are significant at 1% level (excepting

high dense) areas and with a negative sign. Finally, we observed a negative significance for

crimes and misdemeanors in the whole sample at 1% level, while poverty risks and foreign

direct investments remained insignificant in our analysis.

Table 14: Effect on Firm Entries in Lithuania between 2014 and 2019: Robust regression

All Areas Low Dense High Dense

Broadband speed

[Mbit/s]

-0.425 *

[0.229]

-0.439 *

[0.227]

-3.227

[2.077]

Active population 15-65

[share]

6.117 ***

[2.086]

2.805

[3.893]

36.22 ***

[6.722]

Average wage

[thousands of EUR]

0.145 **

[0.063]

0.223 ***

[0.074]

0.368 **

[0.152]

Crimes and misdemeanors -0.00735 ***

[0.00241]

-0.0142

[0.0164]

-0.00707

[0.00490]

Poverty risk

[rate]

0.0464

[0.335]

-0.247

[0.335]

-0.732

[1.284]

Municipal expenditures

[thousands of EUR per capita]

-8.420 ***

[2.249]

-9.896 ***

[2.840]

-0.00586

[4.685]

Foreign direct investments

[thousands of EUR, natural log]

-1.072

[2.045]

-2.403

[1.766]

0.236

[13.24]

Constant -24.34

[31.23]

-53.69

[34.33]

46.90

[112.6]

Observations 59 39 18

Fixed effects Yes Yes Yes

Prob ą F 0.000 0.001 0.002

R-squared 0.482 0.507 0.844

Adjusted R-squared 0.412 0.399 0.735

Standard errors in parentheses. * p: 0.1 ** p: 0.05 *** p: 0.01
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6.5.3 Discussion

Unlike most findings in the existing literature and in our previous studies, in the case of

Lithuania, we observed negative statistical significance for the broadband variable. Stunning

at first glance, that phenomenon possibly has a twofold explanation. First, while many

West European countries passed both dial-up and (A)DSL eras before fiber optic, the quality

of stationery phone lines in Lithuania after the disintegration of the Soviet Union was so

poor that it was much easier to make an immediate transition from dial-up to fiber optic

connections. Second, the first initiatives to bring optic cables to remote areas appeared in

the mid-2000s, so even rural regions did not experience many problems with internet quality.

Hence, a good-quality internet probably became a part of everyday life in Lithuania much

earlier than, for instance, in Germany, and in the last decade, it was no longer the decisive

factor for firms deciding where to set up their businesses.

The wealth of households, obviously, seems to be the main factor affecting the appearance

of new firms in Lithuania, especially considering the below-average salaries in the country

compared to the EU level. Along with that, the share of the active population also seems to

be important, precisely in high-dense areas where the share of technologically driven firms is

generally higher and the demand for high-skilled labor is present. Crimes and misdemeanors,

for sure, are considered a factor that scares off potential founders, although in the Lithuanian

case, their effect on firm entries is quite modest.

Very unusual is the fact that municipal expenditures per capita are negatively significant

(at 1% level) in our sample. Generally, it is assumed that higher expenses should exactly

help individuals and, thus, increase the chance of new firm entries. Still, it depends on the

art of expenditures and which social groups benefit from them most. Exact data on that is,

unfortunately, unavailable; however, we mentioned in Section 6.3.2 that the majority of new

entrants rely only on internal resources and that financial aid is distributed unequally. Foreign

investments, on the contrary, do not play an important role in forming the entrepreneurial

milieu in Lithuania.

6.6 Concluding remarks

This paper helped in understanding whether recent developments in broadband provision in

Lithuania had any effect on firm entries. While the overall effect of recent improvements

seems to be negative, it may be explained in a way that a good quality of Internet has long

been the standard, even in remote areas, and is therefore not perceived as too serious a

factor for starting a business. At the same time, we found positive statistical significance
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for the share of the active population and households’ wealth (which stand in line with

other papers). A negative significance affecting the number of new entries was observed for

municipal expenditures and generally for criminal records.

Unlike our previous papers, for this study we used data on average mobile broadband speed

instead of coverage ratio, as this data was not available. This indicator measures precisely the

quality of the internet but does not provide an indication of what proportion of the population

has access to or uses broadband connections. Still, we believe that this shortcoming does not

have a great impact on the outcome, while both mobile and fixed broadband are undergoing

roughly the same improvements in the EU. Whether the data on the direct use of the internet

by households or the degree of coverage would be available, it could be interesting to re-run

the research. Additionally, we retrieved no data on firm entries broken down by economic

sectors, so further paper improvement could be done upon the availability of this information.

6.7 Updates and comments

Both two latter cases, Palestine and Lithuania, demonstrate that the scale of importance

of broadband provision is not always the same. For Palestine, which suffered many years

from low-quality internet connections, the introduction of 3G was a breath of air, and not

surprisingly, it gave rise to a large number of companies, primarily innovative and in the IT

sector. In this particular case, broadband indeed served as an enabling power for business

activity and an essential infrastructural link for the entrepreneurial milieu. Yet the effect

could have been much greater if there were a sufficient number of highly qualified professionals

on the labor market who could contribute to more innovative ideas.

On the contrary, for Lithuania, where the transition from dial-up to fiber optic began already

in the mid-2000s, high-speed connections could no longer be a determining factor for business

but rather could increase competition between firms, as described by Kandilow & Renkow

(2010). In this context, we tend to believe that the need for speed is not always important

and works perfectly with other externalities, such as the presence of high-skilled employees

(Mack and Faggian, 2013).
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7 Summary

This cumulative dissertation covers one of the existing research gaps in understanding the

link between better digital infrastructure and firm entries. While existing papers referred

to outdated technologies such as DSL and thus described the effects of high-speed internet

during the first decade of the new millennium, we focused on modern broadband connections

and, thus, updated the research in this area. Moreover, at the time of publication, our

research was the first to study the problem at a very detailed, municipality-level level, as well

as explore the contrasts between regions with the help of the dif-in-dif method.

Our major conclusion that we can draw after revision of published papers confirms existing

findings in the scientific literature that broadband may have a positive relation to the number

of firm entries. Better internet speed may help smaller firms, without a physical presence in

larger cities and agglomerated areas, reach their partners and customers.

Clearly, these effects are not always the same in different economies, but even within one par-

ticular country. This dissertation illustrated the latter notion with the example of Germany.

In the case of Brandenburg in Section 2, we found a positive relation between ultra-broadband

connections and entries both for remote and well-performing areas, although the outcome was

higher for the latter entities, possibly due to their closer connection to Berlin (in most of the

cases). In the following Section 3, the analysis at a regional level revealed that the basic

broadband is negatively correlated with the firm entries (presumably, it was already suffi-

cient in 2018 and did not vary too much across Germany), but the ultra-broadband appeared

to be significant in districts and the eastern part rather than in advanced West Germany.

Even though the availability of a workforce and necessary resources is usually better in more

urbanized areas and greater distances to airports or research centers (universities) have a

rather negative influence on firm entries, the better digital coverage still may support firms

in rural areas. Along with that, in Section 4 dif-in-dif estimates helped to discover several

differences in economic sectors: the production sector and ICT-based firms seem to benefit

more from broadband development.

Still, while being ranked pretty high in terms of connectivity, Germany is performing worse in

integration of digital solutions, public services, and population digital literacy than the EU

average (European Commission, 2022), thus lagging behind the most developed European

economies. It seems that policies should be targeted more at improving digital skills among

citizens and entrepreneurial training, which are often termed satellites of digital transforma-

tion in the literature; otherwise, the effect of the digital transformation, which was not easy

for Germany, is likely to remain limited.
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Unlike Germany, Palestine has long suffered from weak digital infrastructure and had very

limited opportunities for its development. In Section 5, we demonstrated that, thanks to

the introduction of 3G internet, Palestinian entrepreneurs got much more incentives to start

their own businesses. This case study is an excellent example of how strong a push an

entrepreneurial milieu can get if, at a certain point in time, a severe improvement in the

quality of internet connections occurs. At the same time, a case of Lithuania described in

Section 6 showed that whereas the development of the Internet took a steady manner and

high-speed connections have long been available to businesses and households alike, their

development, although necessary, no longer brings substantial benefits and is no longer able

to have a major impact on entrepreneurship. In such economies, the development of digital

literacy among the population and the training of highly skilled professionals come to the

forefront, as described by Mack and Faggian (2013).

Prospects for further research

In Section 1, we mentioned that some effects of ICTs are poorly traceable in the scientific

literature. For instance, while at least some papers facilitate understanding how innovative

activity of firms and broadband development are interconnected, the effect of better digital

infrastructure on the location of new firms is barely found, except for a few articles on the

US.

However, this scientific gap still remains very interesting in terms of understanding what really

incentivizes entrepreneurs to open firms in some locations and not others. In some cases, like

Germany or Eastern European countries, a socialist legacy influences to some extent the

geography of entrepreneurship, even many years after the transition to open market relations

(Fritsch et al., 2020). However, in developed economies, the concentration of companies

near research centers (scientific clusters), the presence of a highly qualified workforce, and

developed infrastructure are among the major decisive factors for firms when they face a

choice whether to settle up in an urbanized or rural area (Haller and Lyons, 2015). Thus, it

would be interesting to investigate which factors, and to what extent, influence the decision

to set up the business in a certain area. The need to understand the motives is twofold. On

the one hand, it can explain some patterns of territorial concentration of firms; on the other

hand, it can help authorities target their short- and long-term policies for better regional

competitiveness.
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With respect to the research presented in this cumulative dissertation, it can be primarily

complemented by a regional analysis based on panel data for two or more time periods in

order to unleash the effect of digital transformation and other supportive factors on business

activity instead of a one-year projection. Additionally, it would be interesting to compare

dif-in-dif estimates for Germany by including data for different stages of Digital Agenda

implementation (for instance, before policy intervention, first, second, and post-intervention

stages), as well as by adding several control variables and accounting for areas fulfilling the

digital development goals and lagging behind, similar to Duvivier and Bussière (2022).
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A Stepwise Regression: Paper III, updated OLS

DV: Entries2018

BB2018

[% coverage]

1.398

[0.368]

-0.359

[0.469]

-0.405

[0.467]

-0.560

[0.477]

-1.155***

[3.306]

-1.175***

[0.348]

-1.097**

[0.425]

UBB2018

[% coverage]

0.834***

[0.146]

0.824***

[0.145]

0.889***

[0.151]

0.760***

[0.138]

0.623***

[0.142]

0.451***

[0.147]

People with Abitur

[% share]

1.166

[0.477]

1.049**

[0.483]

0.614

[0.439]

0.652

[0.434]

0.471

[0.430]

Unemployment

[% share]

-0.125

[0.0817]

-0.252***

[0.0752]

-0.299**

[0.0756]

-0.0271

[0.105]

Distance to Airport

[km]

-0.369***

[0.0393]

-0.357***

[0.0390]

-0.337***

[0.0388]

Dist. to University

[km]

-0.0763***

[0.0229]

-0.0892***

[0.0228]

Avg. Ann. Income

[thsd. EUR]

1.528***

[0.412]

Constant 0.785

[1.657]

0.230

[1.775]

1.043

[2.460]

2.093

[2.550]

8.589***

[2.410]

9.829***

[2.389]

5.146**

[2.603]

R-squared 0.035 0.108 0.121 0.146 0.286 0.305 0.329

Adjusted R-squared 0.033 0.103 0.114 0.137 0.277 0.295 0.317

Values ln -transformed. Standard errors in parentheses. * p: 0.1 ** p: 0.05 *** p: 0.01
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B Correlation table: Paper VI

ENT BBS POP UNE MIG DEN WAG CRI POV EXP FDI

Entries 1.0000

Broadband speed 0.0951 1.0000

Population 15-65 0.0107 -0.1024 1.0000

Unemployment -0.1150 0.1468 -0.0946 1.0000

Crude migration -0.0347 0.0194 0.1126 0.2409 1.0000

Density -0.1646 -0.2057 0.1437 0.2210* 0.4460*** 1.0000

Average wage 0.1365 -0.0932 0.0869 0.0880 -0.1013 0.3316** 1.0000

Crimes -0.0935 0.1106 0.1962 -0.0889 -0.1775 -0.3237** -0.0935 1.0000

Poverty risk -0.1713 -0.1094 0.0941 -0.0712 -0.1056 -0.0726 -0.0768 -0.0289 1.0000

Mun. expenditures 0.0003 0.1030 -0.0458 -0.0685 -0.0323 -0.0428 0.0747 0.0044 -0.0536 1.0000

FDI -0.0297 -0.1504 0.1815 -0.0233 -0.1298 -0.1784 0.0838 0.1591 -0.0892 0.0186 1.0000
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C Stepwise Regression: Paper VI, Robust regression

DV: Entries

Broadband speed

[Mbit/s]

-0.638***

[0.231]

-0.716***

[0.231]

-0.686***

[0.239]

-0.676***

[0.244]

-0.639**

[0.247]

-0.431*

[0.235]

-0.509**

[0.245]

-0.354

[0.238]

-0.381

[0.244]

Active population 15-65

[share]

-4.989**

[2.227]

-4.798**

[2.287]

-4.452*

[2.358]

-3.960

[2.389]

5.539**

[2.326]

5.223**

[2.291]

6.739***

[2.213]

6.585***

[2.253]

Unemployment

[rate]

-0.648

[1.541]

-0.505

[1.627]

-0.809

[01.656]

-0.625

[1.564]

-0.616

[1.533]

-0.891

[1.485]

-0.761

[1.491]

Crude migration

[rate]

-0.219

[0.573]

-0.0169

[0.583]

-0.159

[0.563]

-0.296

[0.558]

0.131

[0.538]

0.126

[0.545]

Average wage

[thousands of EUR]

0.140*

[0.074]

0.154**

[0.071]

0.145**

[0.070]

0.161**

[0.068]

0.158**

[0.068]

Crimes and misdemeanors -0.00698**

[0.00271]

-0.00684**

[0.00265]

-0.0073***

[0.00256]

-0.0072***

[0.00258]

Poverty risk

[rate]

-0.408

[0.363]

0.0413

[0.350]

0.0517

[0.356]

Municipal expenditures

[thousands of EUR per capita]

-8.257***

[2.357]

-8.601***

[2.372]

Foreign direct investments

[thousands of EUR]

-0.905

[2.169]

Constant 38.22***

[9.654]

34.20***

[9.975]

32.23***

[11.06]

33.30***

[11.83]

-30.49

[37.20]

-33.42

[35.22]

-25.40

[35.68]

-36.21

[34.56]

-32.65

[35.02]

R-squared 0.116 0.189 0.178 0.169 0.199 0.319 0.327 0.470 0.479

Adjusted R-squared 0.101 0.161 0.134 0.109 0.174 0.242 0.256 0.380 0.386

Values ln -transformed. Standard errors in parentheses. * p: 0.1 ** p: 0.05 *** p: 0.01
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