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1. Introduction 

There is a public perception of a growing divergence in the adoption of digital technologies among urban and 
rural firms. Digitization is considered to be the major technological development driving future business models 
and thus regional and firm-level competitiveness. Acknowledging a growing divergence in digitization levels 
could warrant far-reaching innovation and digitization support for rural firms to prevent a further polarization in 
competitiveness. Such support is timely since the adoption of digital technologies can be of a cumulative nature: 
once a firm lacks the capacity to adapt to new digital developments, further developments are even more difficult 
to cope with, eventually causing a further growing polarization. This is problematic because the unequal 
distribution of competitiveness and wealth among firms and regions is already leading to social tensions in many 
countries (Dijkstra et al. 2020; Rodríguez-Pose 2018). Digitization thus poses a risk to social cohesion when new 
digital technologies are primarily adopted in and benefit thriving regions. Additionally, digitization yields positive 
and negative impacts at the same time. For example, workers performing routine tasks face a high risk of 
substitution through digital technologies, while workers executing complex tasks tend to be complemented 
(Akerman et al. 2015). This could amplify the threat for social cohesion when thriving regions benefit from 
digitization, while at the same time less-wealthy regions suffer from job degradation or job automation. 
Consequently, policy-makers at many geographical levels have created government programs to improve the 
quality and quantity of broadband access – the fundamental prerequisite to compete in digitization – in all regions 
and all types of regions.1  

Contrary to the threat of causing further polarization in competitiveness among firms and regions, politicians 
often see digitization as an opportunity to reduce inter-regional disparities (BMI 2019; Grimes 2005). Especially 
in regions that have previously largely been excluded from markets or value chains, digital technologies based on 
the internet could enable the better inclusion of firms (Galloway et al. 2011). The assumption of growing 
opportunities for these firms was based on the expectation of a decreasing importance of physical proximity, 
eventually triggering the “death of distance” (Cairncross 1997). Once internet infrastructure was sufficiently 
available in all regions, it was expected that firms could digitally exchange knowledge, services or even products. 
Firms in marginalized rural regions could thus overcome disadvantages through integration into previously-
inaccessible networks and value chains, whereby these regions could consequently catch up with more advanced 
regions. 

However, such digitization-induced catch-up processes have hardly been witnessed, prompting some authors 
to revise their expectations based on a more recent perspective (Cairncross 2018). Even in the digital era, there are 
“mountains in a flat world”, whereby geographical proximity still matters for the location of economic activity, as 
Rodríguez-Pose and Crescenzi (2008) put it. One prominent explanation for the absence of catch-up processes of 
laggard regions is the digital divide among firms in rural and urban regions (Salemink et al. 2017), for which two 
levels can be distinguished (Büchi et al. 2016; Scheerder et al. 2017). The first-level digital divide refers to access: 
while nowadays most firms in rural regions have access to the internet, the quality of the connection often trails 
behind that in urban regions (Briglauer et al. 2019b; Prieger 2013), which thus limits rural firms' opportunities of 
digital participation. The second-level digital divide refers to usage, whereby the adoption of not only the internet 
but also other digital technologies is lower in rural firms compared with their urban counterparts. This is not 
necessarily due to missing availability (i.e. due to the first-level digital divide) but rather to unfavorable socio-
demographic characteristics of many rural regions: Research – which is mostly carried out on households rather 
than firms – indicates that high income, high professional qualification levels and a young population and labor 
force are central determinants in fostering the regional usage intensity of digital technologies (Blank et al. 2018; 
Billon et al. 2016; Prieger 2013; Schleife 2010). Often these indicators are deficient in rural regions. 

While an unequal access to the internet (first-level digital divide) is easily observable, it is less straightforward 
to determine a spatial divide in firms’ actual adoption of digital technologies (second-level). However, exactly this 
adoption is needed to seize the opportunities of digitization, not only for firms but also for regions and countries 
as a whole (Whitacre et al. 2014a & 2014b). Determining whether there is a second-level digital divide among 
urban and rural firms is therefore an important research goal to substantiate or refute political calls for a novel 
support of rural firms aimed at preventing a decoupling of digitization dynamics. Empirical contributions face a 
number of obstacles, particularly in determining and compiling suitable indicators measuring digitization in firms. 
Since digitization is a very heterogeneous and sector-specific development, there are few common indicators that 
can be used to compare digitization across industries and regions. To date, most indicators on the spatial digital 
divide mirror either the first-level or, when capturing the second-level, use household data or only small samples 
of firm data. Indices on the second-level are introduced for some study areas but most often do not reflect 
digitization at a low spatial level and/or are not transferable to other study areas due to matters with data 
availability. 

                                                            
1 See e.g. the Digital Agenda for Europe for an attempt at the supra-national level of the EU (https://ec.europa.eu/digital-agenda/en), the "digital 
agenda" for an attempt at the national level (for Germany, see the Federal Government of Germany 2018) or the ‘Broadband for Bavaria’ 
initiative for the sub-national level of the German Federal State of Bavaria (https://ec.europa.eu/digital-single-market/en/policies/ improving-
connectivity-and-access; see also Briglauer et al. 2019a). 
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In this paper, we suggest using a firm’s decision to create and promote a website in the yellow pages, its 
respective up-to-dateness and social media references as a proxy for its degree of digitization. While these 
indicators primarily capture online marketing, we assume that its basic nature entails a firm’s propensity to conduct 
further digitization measures. Put simply, the assumption is that if a firm geared at business-to-consumer (B2C) 
services refrains from running a website as a near-costless measure of marketing, it is highly unlikely that this firm 
has invested in digitizing its internal workflows, let alone that it uses advanced digital technologies in its 
production. We are confident that these indicators capture a firm’s basic propensity to conduct digitization 
measures and hence enable us to test differences in digitization across regions. Moreover, it can be assumed that 
using websites and social media has a fairly similar function for firms, even in very different (consumer-oriented) 
sectors. Since most other digital technologies are used quite heterogeneously across sectors, website prevalence 
enables us to compare larger samples of firms.  

Using this approach to measuring digitization, we run a web-scraping algorithm, which gives us roughly 
345,000 firm entries of the yellow pages and about 104,000 websites, which are further analyzed regarding social 
media references and up-to-dateness. Using the firms’ postal codes, we link county-level data for various socio-
economic indicators. This provides us with evidence regarding the occurrence and potential structural determinants 
of a digital divide among German SMEs.  

This article's contribution to the literature is twofold. By harnessing hitherto-untapped but publicly-available 
data, our first contribution is of a methodological nature. Research on the second-level digital divide and its spatial 
effects is suffering from a scarcity of indicators proxying the prevalence of digital technologies in firms, especially 
aggregated at the regional level for Europe (Billon et al. 2016; Ruiz-Rodríguez et al. 2017). We propose a novel 
indicator for measuring the digitization degree of regions that is widely accessible and does not build on the digital 
infrastructure but rather the actual usage of digital technologies by firms. The indicator comprises a large dataset 
and a wide range of sectors and is feasible for many countries without raising measurement and data accessibility 
problems that are inherent in indices. In providing support for Kinne and Axenbeck's (2018) suggestion that 
exploiting large-scale website data offers advantages compared to traditional data sources and opens up new paths 
for answering (economic) research questions, our methodological contribution hence extends beyond research on 
the digital divide. Second, by applying this indicator, new insights into the spatial digital divide and its regional 
determinants are presented. While we confirm an urban-rural digital divide in website prevalence, the descriptive 
statistics do not show a substantial spatial divide in the technological characteristics of these websites. In line with 
existing literature, we find evidence that population density, the professional qualification of the workforce and a 
lower population age are important regional determinants that are positively associated with the regional 
digitization level. Contrary to existing findings, the wealth of regions (measured by gross domestic product, GDP) 
is only positively associated with website prevalence in rural areas. In urban areas, GDP is negatively associated 
with website prevalence. Finally, our results tend to show new evidence that lacking internet access is still linked 
to lacking digitization efforts in some rural regions. 

The remainder of this paper is structured as follows. Section two reviews the relevant literature for our research 
goal, before section three presents our method and dataset. Section four presents our results, while section five 
discusses our results and section six concludes and presents policy implications. 

 
2. Literature review 

2.1 Related research 

2.1.1 Definitions of digital divide 

In principle, a digital divide refers to the different availability, usage and usability of digital infrastructure, 
which may lead to gaps between people and groups of people with specific attributes within a society. Such a 
divide may be related to various joint characteristics of the named people or groups of people, e.g. their age (old 
vs. young), income (rich vs. poor) or education (university degree vs. no degree). In our paper, we follow the most 
common interpretation in the academic literature (see Graham 2019), which refers to spatial entities (territories or 
spatial units) when referring to a digital divide. These territories may be assigned to all possible spatial scales, 
such as the global (e.g. comparison of continents), national (comparing countries), regional (i.e. comparing sub-
national ones like the 50 states in the US or the sixteen federal states in Germany) or the local scale (e.g. comparing 
the quarters of a city). In addition to these spatial units based on administrative boundaries, comparisons between 
urban and rural regions have attracted strong attention among scholars (see Rodríguez-Pose 2018) in recent years, 
partially driven by specific policy programs and interests in ensuring equal living conditions in all regions of a 
country (Briglauer et al. 2019a). These comparisons between urban and rural areas may be intra-national (all areas 
within a country), cross-national (all areas in various or all countries within the same continent) or cross-
continental. A plausible – and often-used – proxy for the rural-urban dichotomy is population density, e.g. 
measuring the number of inhabitants per km², as urban areas exhibit a higher population density compared to rural 
areas. While this method has some weaknesses concerning comparisons between urban areas, it is a reasonable 
measure when comparing urban with non-urban areas (like rural ones). In fact, population density is a more precise 
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indicator for detecting urban-rural disparities than the sheer population size of the related spatial entities. 
There is an important stream of literature that distinguishes explicitly or – more often – implicitly between 

urban and rural areas when it comes to some socio-economic or demographic characteristics of the territories under 
study, i.e. based on variables of the regional context. These characteristics can be summarized by the dimensions 
of economic prosperity (e.g. measured by GDP per capita), human capital (e.g. measured by the share of 
inhabitants with an academic degree), and demographics (e.g. measured by the share of inhabitants older than 64 
years). Of course, some of the values of several of these categories strongly correlate. As our paper is dedicated to 
German regions, the following empirical evidence may be of interest: in 2017, urban counties showed a higher 
GDP per capita (43.4 T€; rural counties: 31.4 T€), a lower share of inhabitants aged 65+ (20.7% in 2017; rural 
counties: 23.0%), and a higher share of the workforce (place of residence) with an academic degree (18.2%; rural 
counties: 10.2%) compared with rural counties (all data derived from INKAR2). Of course – and by definition – 
urban regions show higher population densities than rural ones. Therefore, it makes sense to develop hypotheses 
that address the aforementioned dimensions, whereby we also implicitly address the digital divide between urban 
and rural regions. Consequently, we focus our literature overview on the named dimensions in section 2.1.3. 

In the following description of the state-of-the-art research on the (spatial) digital divide, we distinguish 
between the first- and second- level digital divide. While the former has already provoked a lot of empirical and 
some theoretical research, the latter has not. We will explicitly address urban-rural differences in our overview of 
the literature. 

 

2.1.2 First-level digital divide: Digital infrastructure and its spatial effects 

There is no doubt that in all countries there remains a gap of digital infrastructure between sub-national regions 
in terms of quantity (i.e. availability; Prieger 2003 for the US and Wernick & Bender 2017, for Germany) and/or 
quality (e.g. speed of internet connections, see Riddlesden & Singleton 2014). Moreover, the spatial diffusion 
process of web-based technologies varies across different geographical regions in most industrialized countries 
(Papagiannidis et al. 2015). When assessing the potential effects of digital infrastructure in rural areas, it is relevant 
to note that high-quality digital infrastructure (e.g. super-fast internet) is available more often and earlier in 
economically strong urban areas in a given country, which – ceteris paribus – leads to an increase in inequalities 
between urban and rural areas. The persistence of this divide is often ascribed to liberalized telecommunications 
markets and the fact that internet expansion for telecommunication providers is more profitable in urban rather 
than rural regions (Briglauer et al. 2019a; Grimes 2003; for the role of municipalities in Germany, see Wernick & 
Bender 2017). In some cases, the spatial digital divide is even growing (Townsend et al. 2013), which is often the 
case particularly for novel technologies or next generation access, i.e. higher bandwidths (Briglauer et al. 2019b; 
Prieger 2013). Politicians have recognized this problematic divide and many policies have aimed to narrow this 
gap (Briglauer et al. 2019a), although they often quickly become outdated by new technological developments 
(Salemink et al. 2017). 

Regarding the spatial effects of digital infrastructure, there is some empirical evidence in the literature if inter-
regional differences between sub-national regions are considered (Bertschek et al. 2015; Grimes 2005; Malecki 
2003). However, these empirical results are often contradictory regarding the extent, type and direction of such 
effects (Jung & López-Bazo 2020). This also holds true for the effects on rural vs. urban regions (for a detailed 
overview of the literature, see Haefner & Sternberg 2020). Some qualitative studies show positive effects of digital 
infrastructure for rural areas (Townsend et al. 2017). To give an example, in many rural areas in developing 
countries, digital infrastructure allows time to integrate such regions into global value chains and enables a low-
cost and reliable exchange with extra-regional and international customers (Krone & Dannenberg 2018). However, 
only some quantitative studies find that these effects are also positive in a relative sense, i.e. they are stronger than 
the positive effects of the infrastructure in favor of urban regions (Fabritz 2013; Bertschek et al. 2015; Ivus & 
Boland 2015). Such relatively (compared with urban regions) strong effects of digital infrastructure are a necessary 
condition if digitization is intended to be used as a regional policy instrument to reduce inequalities between urban 
and rural areas of a country, i.e. to achieve convergence instead of (further) divergence (Jung & López-Bazo 2020; 
Celbis & de Crombrugghe 2018). If urban and rural areas benefited from digital infrastructure to the same extent, 
then inter-regional disparities between rural and urban areas would not be reduced. By contrast, many authors 
argue in favor of (often economically strong) urban regions regarding the positive spatial effects of digitization 
(Camagni & Capello 2005; Ciffolilli & Muscio 2018). Digital infrastructure seems to have stronger positive 
impacts in urban rather than rural areas in terms of both quantitative as well as qualitative aspects (Malecki 2002, 
Tranos 2016; WWG 2015). In particular, this seems to be true for young (or even new) and knowledge-intensive 
firms (see Mack et al. 2011; McCoy et al. 2018) and higher bandwidth levels (Briglauer et al. 2019a). 

                                                            
2 INKAR (Indikatoren und Karten zur Raum- und Stadtentwicklung [Indicators and maps on spatial and urban 
development]) is a tool provided by the Federal Institute for Research on Building, Urban Affairs and Spatial 
Development. 
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2.1.3 Second-level digital divide: Spatial effects and regional determinants 

As shown above, research on whether digitization (via the internet) mainly benefits urban or rural regions (and 
thus whether digitization leads to increased or reduced inter-regional disparities) yields inconclusive results. The 
availability of digital infrastructure (high quantity and/or high quality) is nowadays only a necessary condition for 
digitization's effects on the development of urban and rural areas (Evangelista et al. 2014; Tranos 2012) and an 
increase or decrease in economic disparities between the two types of areas. If this first-level component meets 
higher or even the highest demands, the regional economic effects would nevertheless remain very limited if people 
living and/or working in these areas lack the necessary motivations and skills required for exploiting the potential 
offered by a very high standard infrastructure. In other words, the second-level component - usage and usage 
skills - is decisive if a certain standard of the first-level component is provided (Evangelista et al. 2014). Studies 
confirm this view, showing that increased internet availability does not necessarily have positive (spatial) impacts, 
but rather that the usage matters (Mack & Faggian 2013; Whitacre et al. 2014a, 2014b; Scheerder et al. 2017). 
Consequently, in order to answer the question asked above regarding whether digitization mainly benefits urban 
or rural regions, it appears more fruitful to determine a spatial digital divide in usage rather than accessibility 
(Haefner & Sternberg 2020). 

A number of studies comparing urban and rural regions find a divide in the usage of digital technologies, which 
does not stem solely from lacking access in rural regions (Moriset et al. 2012; Prieger 2013; Salemink et al. 2017; 
Townsend et al. 2013). Thus, there must be some regional determinants apart from infrastructure availability that 
explain this second-level digital divide. Studying the impact of these determinants on the degree of digitization 
and their regional variation can thus help to better understand the digital divide. So far, the amount of theoretical 
or empirical research regarding the impact of regional determinants on the urban-rural second-level digital divide 
is rather small, particularly for firms. 

An important regional determinant for technology adoption that has been discussed is population density. 
Technologies are often developed and first adopted in cities, i.e. in densely populated areas, and subsequently 
diffuse to less densely populated, more peripheral areas (Salemink et al. 2017). One reason for the early adoption 
in cities is the fact that infrastructure expansion for telecommunication providers is more profitable in more densely 
populated compared to less densely populated areas (Briglauer et al. 2019a; Grimes 2003). Beyond that, the process 
of (digital) technology diffusion is not only starting earlier in densely populated areas, the speed of diffusion is 
often expected to be higher, too. Once pioneers adopt a technology, information on this technology can - due to 
the advantages of direct personal interaction - spill over more easily and frequently from users to non-users in 
densely populated areas, leading to even increased adoption rates compared to less densely populated areas (Billon 
et al. 2016).  

Some scholars have addressed the role of employees' qualification for the use of digital technologies. The lack 
of highly-educated employees with profound digital skills is considered to be one reason for various problems 
faced by firms in rural areas when trying to exploit the opportunities offered by digital technologies in such areas 
(Camagni & Capello 2005; Grimes 2005, Prieger 2013; Salemink et al. 2017). These differences in terms of human 
capital in general – and digital skills in particular – between the two types of regions result to a significant degree 
from the higher attractiveness of urban areas for the young well-educated workforce. For example, Blank et al. 
(2018) stress the key role played by education when trying to assess regional internet usage in the UK, even when 
controlling for the structural differences in terms of education between urban and rural areas. Billon et al. (2016) 
identify a specific pattern of ICT use by firms (not by households) that is predominantly determined by educational 
variables. Mack et al. (2011) emphasize the importance of broadband provision to knowledge-intensive firm 
locations, but of course such firms search for specific location criteria (at least partially depending on the 
preferences of their highly-qualified employees). Hereby in fact the educational level of the employees influences 
internet usage (albeit not internet access), and this also has a spatial dimension. In her spatially-sensitive study on 
internet usage in German regions, Schleife (2010) shows that on average people who have reached a higher level 
of education are more likely to use the internet than less-educated individuals. Thus, individuals living in areas 
with a larger proportion of highly-educated individuals are more likely to be surrounded by internet users. 

Socio-demographic variables are often found to explain large parts of the regional degree of digital technology 
usage and thus the second-level digital divide. Age belongs among the most frequently-used indicators among 
these variables as the first law of the internet is that everything is related to age (Blank et al. 2018), at least 
nowadays. Older people are less likely to be internet users (Blank & Groselj 2014), which also seems to be true 
for Germany as Billon et al. (2016) underline that age is an important individual factor for the decision to start 
internet use in that country. Schleife (2010) shows that new internet users are not only significantly better educated 
but also younger compared to non-users. However, it remains to be seen whether the age variable will still be 
relevant for internet usage once the whole population comprises digital natives.  

As for income, Mills and Whitacre (2003) stressed in their comparison between US metropolitan and non-
metropolitan regions that differences in household attributes – particularly education and income – accounted for 
63 percent of the metropolitan vs. non‐metropolitan digital divide 20 years ago. LaRose et al (2007) emphasize 
that broadband internet service adoption in rural communities has been caused by income, beside other 
determinants like prior experience with the internet, the expected outcomes of broadband usage, self-efficacy and 
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age (but not education). Prieger (2013) states for the US that the gaps in broadband usage between rural and urban 
households are proportionally greater for low-income households. Schleife (2010) shows that mean disposable 
household income is an important factor to explain differences between early internet users and non-users in 
German regions. Finally, also Billon et al. (2016) stress the influence of GDP on technology usage. 

The literature shows that it is not necessarily "rurality per se", a low population density or geographical distance 
but also other regional characteristics that hinder extensive digitization and digitization-induced catch-up processes 
of rural regions. Apart from the central economic and socio-demographic determinants described above, other 
determinants for the regional digitization degree that have attracted some attention include the sectoral mix of the 
economy, average firm size and institutional characteristics (Billon et al. 2016; Dengler et al. 2018; Moriset et al. 
2012). 

2.2 Measuring the (spatial) digital divide 

Measuring the digital divide requires first measuring digitization. Most indicators aimed at capturing 
digitization and determining the digital divide between regions refer to the internet. While initial attempts to 
capture the digital divide have focused on mere access, research has more recently considered the speed of the 
available internet infrastructure (Forman et al. 2005a, 2005b; Salemink et al. 2017; Townsend et al. 2013) or the 
number of broadband providers (Prieger 2013). An even more important recent shift in the literature on measuring 
the spatial implications of digitization refers to usage and skills (second-level digital divide) instead of access to 
digital infrastructure (first-level digital divide), at least within advanced economies (Büchi et al. 2016; Evangelista 
et al. 2014). Here, indicators for the usage degree of computers and the internet are considered, with data stemming 
mostly from surveys (Billon et al. 2016; Prieger 2013; Scheerder et al. 2017). However, it is important to note that 
these variables usually refer to households rather than firms. Kinne and Axenbeck (2018) analyze website data of 
German firms and find regional differences in the share of firms running a website, which can be used to examine 
the digital divide. Another possibility for assessing the regional digitization degree is to focus on digital skills. 
Exploiting labor market data, Castellacci et al. (2020) construct an “e-skill task intensity index” of a region’s labor 
force for a panel of European regions. While both of the latter two approaches for constructing measures of the 
regional digitization degree are novel and promising from a methodological perspective, to date they have not been 
used to rigorously analyze (the determinants of) the digital divide or measure spatial digitization effects.  

Proceeding beyond the adoption of single indicators, some digitization indices have been elaborated that allow 
for a geographical digitization comparison and thus determining a potential digital divide. The Enterprise Digital 
Development Index developed by Ruiz-Rodríguez et al. (2017) uses data for Spanish regions (NUTS2-level) and 
focuses solely on the digitization degree of firms. It comprises four components: ICTs and connectivity (access) 
to the internet, the use of ICTs, e-commerce, and e-government. The most interesting indicators for this study are 
the indicators of the "use of ICTs" component, namely enterprises having a website or homepage, the use of social 
networks, cloud computing services used over the internet, employees using computers, enterprises that pay to 
advertise on the internet, as well as indicators of the "e-commerce" component, namely enterprises sending e-
invoices B2BG that are suitable for automated processing, and enterprises receiving e-invoices that are suitable 
for automated processing. These indicators are measured as the percentage of enterprises in a region, except for 
"persons employed using computers", which is measured as the percentage of total employment. The European 
Commission (2020) has developed the Digital Economy and Society Index, which comprises data on countries 
rather than regions. It comprises five main dimensions: connectivity, human capital, use of the internet, integration 
of digital technology, and digital public services. The "integration of digital technology" dimension captures the 
degree of digitization in firms. Its first sub-dimension of "business digitization" includes the indicators of 
electronic information sharing, social media, big data, and cloud. Its second sub-dimension of "e-commerce" 
includes the indicators of SMEs selling online, e-commerce turnover, and selling online cross-border. Katz and 
Koutroumpis (2013) have developed a digitization index that also enables comparisons between countries but not 
between regions. It comprises six components: affordability, infrastructure reliability, network access, capacity, 
usage, and human capital. However, it does not comprise any detailed information on firms' digitization degree. 

In this study, we propose using web-scraped data on the share of firms running a website as a proxy for the 
regional digitization degree. This indicator has not yet been exploited to assess the spatial digital divide. The 
indicator does not rely on data on households or infrastructure, but rather firms’ actual operation of websites, as a 
basic and widespread digital application. It is therefore well suited to assess the second-level digital divide. Beyond 
these content-related advantages, our indicator has more practical advantages compared to more traditional forms 
of data gathering: The data that we use is already available on a large scale, has a wide coverage of firms and 
sectors and comes at no cost. The indicator allows easy transferability to other spatial levels and study areas, which 
is an advantage compared to indices. The web-scraping process also enables the retrieval of other website 
characteristics of interest and therefore opens up a wide area for future research (see Kinne & Axenbeck 2018). 
Of course, there are also important downsides of the indicator. First, there are technical challenges (data retrieval, 
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data harmonization, etc). Second – and more importantly – the indicator covers only one specific aspect of 
digitization and its representativeness for other facets of digitization remains unclear. This is a disadvantage 
compared to indices. Our indicator covers firms’ usage of online marketing instruments and therefore represents 
a very basic form of digitization. Other digital technologies like big data analytics or robots are more disruptive 
and supposedly more representative of the public and political perception of the current scope of digitization. 
Moreover, our indicator does not capture digital skills. These are the prerequisite for usage, whereby studying 
skills could offer more straightforward policy implications than studying technology usage. 

2.3. Hypotheses 

It has been argued that regional determinants strongly influence the adoption of digital technologies and 
accordingly affect the second-level digital divide. However, especially for Europe, there is a lack of regional data 
for the usage of digital technologies in firms (Billon et al. 2016; Ruiz-Rodríguez et al. 2017), which underlines the 
need for developing new indicators. The regional degree of website prevalence in firms – addressed in our paper 
– serves as a proxy for the regional degree of digitization. We expect that it is only partially dependent on access 
to high-speed internet, whereas other regional determinants also play a major role. We formulate four hypotheses 
for regional determinants that may explain the regional degree of website prevalence in firms. 

 
H1: Population density has a positive effect on website prevalence. The first hypothesis argues that new 

information technologies and specific instruments like websites spread across space via personal interactions. 
Since a higher population density – as is usual in urban areas compared with rural ones – encourages personal 
interaction as well as technology supply, new technologies are earlier available and more extensively used in 
regions with more inhabitants per km² (Billon et al. 2016; Salemink et al. 2017). Network effects should encourage 
technology adoption because the regional number of users of a technology should positively influence the number 
of new users of this technology in the same region (Li & Shiu 2012; Schleife 2010).  

 
H2: Higher levels of professional qualification in the workforce increase website prevalence. From a 

capabilities approach, it can be expected that higher shares of employees with professional qualification will 
increase website prevalence in firms and demand for online information by customers in a given region. This 
expectation is in line with previous findings in the literature. At the firm level, a number of studies have shown 
that professional qualification is a central determinant for the effective use of digital technologies (Akerman et al. 
2015; Berger and Frey 2016a, b). From a spatial perspective, digital technologies seem to be used effectively 
particularly in regions with high levels of skilled labor (Salemink et al. 2017; Schleife 2010), which in turn benefit 
from digitization (Atasoy 2013; Hasbi 2020; Mack and Faggian 2013; McCoy et al. 2018). 

 
H3: Increasing average age of a region’s inhabitants is associated with lower website prevalence. 

Demographic variables have proven to be strong predictors of the use of digital technologies, not only from a 
spatial perspective (Büchi et al. 2016; Scheerder et al. 2017). In this regard, the age structure of a region is an 
important determinant of internet use (Prieger 2013; Schleife 2010; Vicente and López 2011). Older employees in 
firms tend to be less digitally skilled and less willing to accept organizational changes through digitization (Billon 
et al. 2016; Blank et al. 2018; Evangelista et al. 2014). Behavioral patterns associated with digitization are thus 
more strongly adopted among younger persons. Therefore, we expect that regions with a higher or increasing 
average age are less likely to be associated with high website prevalence. 

 
H4: GDP per capita has a positive effect on website prevalence. In line with previous research, we expect 

GDP per capita to be a strong predictor of regional digitization (Billon et al. 2016; Vicente and López 2011). The 
GDP per capita of a given region is associated with firm competitiveness, higher education of the workforce and 
higher overall purchasing power, all of which are likely to affect firm innovativeness, which should be reflected 
in higher levels of digitization (website prevalence). Furthermore, as digital technologies are not free of cost, their 
usage also depends on investment decisions (Schleife 2010) and it should therefore increase with household 
income and GDP (Li and Shiu 2012). 

 

3. Method 

3.1 Web-scraping  

To obtain our data, we employ a web-scraping procedure, which was conducted in June 2018. Web-scraping 
can be described as a simple algorithm that downloads specific information from a predefined number of websites. 
Once fed with a large number of website links, the algorithm can download the predefined information efficiently 
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and it can be used to build a dataset encompassing the respective variables. Despite still being a rather recent data 
collection method, there are already some promising attempts showing that the operation of websites in Germany 
and their characteristics such as the number of subpages and hyperlinks, text volume, language used differs 
according to – among others – the location and the innovativeness of the respective firm (see e.g. Kinne & 
Axenbeck 2018). To obtain information on firm websites, we use the German yellow pages, which provides us 
with a large set of B2C firm contacts, their respective postal codes and – if entered – the website address. We 
chose a broad set of branches3 that represent firms from the craft sector, focusing on consumers to prevent 
analyzing e.g. industry suppliers with a limited number of fix business contracts, which might not have the same 
incentive to use digital marketing compared with consumer-oriented businesses. For firms that state having a 
website address, we conduct a further web-scraping procedure, which provides us with information concerning 
whether the website is actually online, when it was most recently updated and whether a social media reference 
(Facebook, Twitter, Instagram) is used.4 The information regarding whether a website has been updated is analyzed 
using three separate proxies. First, the “last update” variable indicates the year in which the website was last 
updated. This variable is only available for a small fraction of the sample, which is why we use two other proxies, 
namely “HTML5” (Hypertext Markup Language) and “HTTPS” (Hypertext Transfer Protocol Secure). HTML5 
is the most recent language used for programming websites and it stands for a modern appearance of the website. 
On the other hand, the usage of HTTPS indicates whether a company has recently improved the website’s security, 
which could hence be considered as another indicator of up-to-datedness as HTTPS has become a standard security 
protocol in recent years.5  

This approach has the strong advantage of bypassing a number of problems associated with direct surveys or 
interviews regarding the state of digitization, including low response rates, the self-selection of digital pioneers or 
larger firms, overly optimistic self-assertions and regional or sectoral biases. Instead, a larger set of information 
can be used that directly measures firms’ behavior on a large scale across sectors and regions. The disadvantages 
of using the yellow pages as the source of firms’ websites include the heterogeneous structure of the yellow pages 
in Germany, historically different cost models6 for entering firm information as well as potential errors during the 
web-scraping procedure itself, potentially resulting in a loss of data. Furthermore, using the yellow pages might 
exclude digital pioneers that rely entirely on other platforms for finding customers. However, it is important to 
consider that internet research on (craft) services is not universal in Germany, particularly not among older people, 
who constitute a substantial share of the German population. For them, the printed yellow pages (which is 
replicated in the online version) remains a central source of information. Firms that choose not to be listed forego 
these potential customers. The yellow pages claim (based upon market research) that in 2017 slightly more than 
half of the German population over 16 years has used the yellow pages in its different formats (print, online, 
smartphone app). This amounts to 32.6 million persons conducting roughly 900 million searches. Craft services 
are the second most important domain of search requests. Overall, while the market research is a form of marketing 
by the yellow pages, their numbers substantiate the claim that being listed in the yellow pages continues to make 
sense for firms. Finally, it can be argued that firms pursuing a modern digital marketing strategy conduct search 
engine optimization (SEO) to be listed prominently among Google searches. An important aspect of SEO is being 
listed on numerous platforms, which improves a firm’s SEO score, whereby the yellow pages helps to increase 
this score. Therefore, digitally strong firms similarly have an incentive to be listed on the yellow pages for technical 

                                                            
3 The full set of branches is documented in Appendix 7.1.  
4 How does social media and website usage relate? One could assume that website prevalence is overall decreasing and that firms primarily 
use social media for digital marketing. Regarding the relevance of websites in comparison to social media, we would argue that - instead of a 
prevalence or substitution - social media complements websites. There may be branches or sectors in which social media has become more 
important than websites, with hairdresser being an example in our data (low share of websites, high share of social media plugins within the 
existing websites). However, it is basic digital marketing knowledge that a firm should be present on numerous (social media) platforms and 
channel visitors from those platforms to the firm’s website, on which the actual sale or (pre-sale) contact is carried out. Thus, a central website 
and numerous different platform presences can be considered the optimal digital marketing strategy. Obviously, this often exceeds the 
capacities of smaller firms, which rely on single digital marketing channels. However, our main argument is that more digitized firms do not 
cease to have websites but rather build a net of channels leading customers towards their website. Thus, an answer to the potential bias to our 
data in terms of a decrease in website usage would be that websites remains the central digital marketing channel, which is complemented by 
social media channels and thus remains a valid indicator for digital marketing.  
5 For an example of this procedure, consider a hairdresser in Berlin listed in the yellow pages. In the initial scraping procedure, we scrape all 
firms that have identified as hairdressers when registering in the yellow pages. Thus, each firm has a branch and postal code registered in the 
yellow pages. The web-scraping procedure enables us to download the information for all firms with a given occupation. Among them is the 
exemplary Berlin-based hairdresser. We obtain this firm’s branch, postal code and website address. In the second step, we use the website 
address to collect additional information on the firm, specifically whether the website is working, when it was last updated, whether there is a 
social media reference on the website and whether HTML5 and HTTPS are used on the website. Thus, the data obtained for a specific firm 
would look as follows: branch, postal code, website address, website working?, year last update, Facebook?, Twitter?, Instagram?, HTML5?, 
HTTPS?. The regional data is merged according to the postal code in a subsequent step and is therefore unrelated to the web-scraping procedure.  
6 Overall, the costs of being listed in the yellow pages are negligible. The basic firm information including the website is costless, while firms 
can optionally pay for better search rankings and additional firm information such as links to social media. The costs for these measures are 
customized to regions and branches. Thus, we see no strong financial reasons for firms not being listed in the yellow pages. Furthermore, a 
firm could be listed in the yellow pages but not state a website. As there are no reasons for a firm not to state its existing website, we believe 
that this should only account for a neglectable proportion of the firms in the dataset. 
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reasons (see e.g. Grappone & Couzin 2011). Nevertheless, we ultimately cannot assert that each firm has a strong 
incentive to use the yellow pages and enter its own website.  Thus, we conclude that our dataset presents a large 
set of firms, while acknowledging that it might not present a fully representative picture of the craft sector; 
however, there are strong incentives for firms to be listed on the yellow pages and to state their website on the 
yellow pages.   

3.2 Sample specifics 

Our sample comprises craft firms (following the German legal definition of craft services). This sector is in 
itself heterogeneous in terms of branches as it contains a historically-grown, legal set of occupations whose 
defining feature is its prevalence of manual work. The craft sector is considered to be rather slow in terms of 
digitization, at least when compared to other sectors characterized by SMEs. It can thus be assumed that many 
craft firms continue to rely on the previously-dominant information platform, namely the yellow pages. Therefore, 
we assume that we reach a broader, more representative sample of craft firms using the yellow pages rather than 
with a straightforward Google search, which would not yield firms without a website. We chose the craft sector 
for our analysis of the digital divide because its firms can be found all across Germany and craft firms are also 
traditionally present in rural regions. Most branches are uniformly distributed across different spatial units 
(consider e.g. hairdressers) and the firm density primarily relies on population density. Thus, choosing the craft 
sector is likely to yield a spatially-balanced sample. 

Another important reason is that craft firms have a lower technological performance than other sectors in the 
German economy, and they tend to be more traditional in their firm policies. Therefore, we are likely to witness a 
sector that is currently undergoing a digital transformation in the domain of digital marketing. Thus, our indicator 
is likely to capture marked spatial patterns in the craft sector that similarly occurred and have continually 
disappeared in other sectors in recent years. Therefore, using a digitally relatively backward sector using the 
indicator of website prevalence is likely to show us transformative processes that have occurred in other sectors 
and are occurring in similar sectors. We would not suggest that our sample is representative of all firms in the 
yellow pages or all firms in Germany, but rather for the craft sector, which is an integral part of the German 
economy and had (official numbers for 2019) 1 million firms, 5.58 million employees – which translates to about 
12% of all German employees – and an overall revenue of 640 billion Euros.7 Thus, overall we would suggest that 
our sample is representative of the craft sector and other sectors with smaller firms addressing private customers 
and a lower propensity to conduct digitization measures. 

Overall, our sample comprises 346,361 firm entries, of which 104,460 (30.2 %) have entered a website in the 
yellow pages that was online and working in June 2018. We downloaded firm data from 44 different branches 
with quite heterogeneous numbers of firms and levels of website prevalence. An overview of the branches and 
respective number of observations is documented in Table A1 in the appendix. We use 44 branches, which are the 
relevant craft occupations in the yellow pages. There are small craft branches that are formally part of the craft 
sector with very few firms in Germany, which have not been included in the analysis. Overall, our goal was to 
represent the craft sector on the yellow pages using the respective branches, which then yields 346,361 firms. The 
web-scraping procedure further yielded information on the existence of a Facebook/Twitter/Instagram reference 
in the website, as well as information on the most recent update and the use of the HTML5 and the HTTPS 
standard.  

At the regional level, there was no limitation during the web-scraping procedure, and thus all firms of the 
respective branches were used, irrespective of their regional origin. We used the postal codes associated with the 
firm entries and matched this information to the respective counties. This approach leads to inaccuracies in some 
cases, whereby the associated error can be assumed to be uniformly distributed over all counties/postal codes. 
With firms clustered at the county level, we matched a number of additional county-level regional indicators, 
namely population density, the share of employees without a professional qualification, the share of employees 
with an academic education, the revenue of craft firms, GDP per capita, rates of regional immigration and 
emigration, increase/decrease of the population aged 65 and older, the number of employees in craft firms,8 and 
finally the share of households with high-speed internet access.9  

                                                            
7 The data is from the German Federal Statistical Office, and thus our sample includes one-third of all officially-listed firms in German craft 
chambers (for a summary see https://www.zdh.de/daten-fakten/kennzahlen-des-handwerks/, (last access: 27.10.2020). However, the official 
number of 1 million firms should be considered inflated, as non-trivial numbers of factually-inactive firms continue to be listed in the official 
records. Further, the yellow pages contains firms and branches primarily addressing private customers. This excludes firms, e.g. in the building 
sector, working as contractors for industry firms or public organizations, which makes the yellow pages irrelevant for these firms as they tend 
to react to public biddings. While there are no exact numbers to substantiate this claim, we are confident that our sample encompasses all active 
German craft firms addressing private customer and excludes inactive yet listed firms and those primarily working in B2B contracts or for the 
public sector. 
8 More specific information on the variables is presented in appendix 7.2.  
9 To determine a region’s access to high-speed internet, we use a dataset from the TÜV Rheinland and the German Federal Ministry of Transport 
and Digital Infrastructure at the county level. The dataset gives us the share of households that can access an internet speed of 50 Mbit/s, which 
we use as the broadband internet variable. For urban counties, there is essentially no variation in the data as essentially all households can 
access 50 Mbit/s, there is little variation for semi-urban counties and strong variation for rural counties.  
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Using the web-scraping data as well as the additional regional indicators, we can analyze the regional disparities 
in website prevalence, social media prevalence and the up-to-dateness of websites and show potential drivers of 
the differences using regional indicators. 

3.3. Methodological approach / quantitative analysis  

In a first step, we use descriptive statistics to analyze the share of firms running websites, social media as well 
as the up-to-datedness of the websites for each regional category (rural, semi-urban, urban). For this purpose, the 
dataset obtained by our web-scraping procedure is used. The second part of the analysis comprises a regression 
analysis. As our dependent variable U (website prevalence) is a binary outcome dependent variable – which is “1” 
if a company has a website entry in the yellow pages and “0” if not – we apply a linear probability model taking 
the following form:  

𝑦  𝛽  �̅� 𝑋 𝑢 

Estimating the equation: 

𝑃 𝑝𝑟 𝑈 1|𝑥 𝑥′𝛽 

The linear probability model models the probability of a firm having a website, meaning that website prevalence 
“U” equals “1” in dependence of x. This again is equal to a functional form of F(x’ß). x is a vector of independent 
variables. This vector includes the explanatory variables which were introduced in the hypotheses in section 2.3. 
(population density, share of employees with an academic education, share of employees without formal education, 
increase/decrease of the population aged 65 years or older, GDP per capita). Besides these variables we include a 
number of further variables:  

- The firm’s branch: as there are branches which are more technology affine than others (electrician vs. 
mason) 

- The share of households with access to broadband internet (<50 Mbit/s): having access to the more 
advanced digital infrastructure should have a positive effect on website prevalence 

- Sales revenue in the craft sector: as regions with higher higher sales revenues in the craft sector could 
possibly have a higher level of digitization.  

- Increase / Decrease of birth rate: increasing birth rates may be an indicator for a younger population which 
would explain a higher level of digitization as younger people tend to use digital devices and communicate 
digitally.  

- Regional immigration (as well as regional emigration used in the robustness tests): we assume that regions 
with higher regional immigration have a higher level of website prevalence as the influx of people to a 
region goes along with a certain degree of anonymity. Hence, firms would have to invest into a website in 
order to be recognized by new inhabitants.  

- Employees in the craft sector: this variable could be used as a proxy for competitiveness. If there are more 
employees in the craft sector in a region firms have to compete for customers but also for qualified workers. 
Hence, employees in the craft sector could have a positive effect on website prevalence.   

A list of the variables used, their description as well as descriptive statistics can be found in Tables A1 and A2 in 
the appendix. We specify robust standard errors clustered by the German counties, which capture their unobserved 
heterogeneity.  

We have also applied a logit model using a logistic distribution function as well as a probit model using a 
standard normal distribution function, whereby the results (and marginal effect sizes) in all three models yield 
similar results and effect sizes. We decide to report the results of the linear probability model estimated by ordinary 
least squares which allows effect sizes to be directly interpreted.  

We run five separate specifications: (I) using all firms in all regions while excluding broadband access, (II) 
using all firms and all variables, using the sub-samples for (III) firms in rural counties, (IV) firms in semi-urban 
counties and (V) urban firms including all variables. We decide to split the dataset in order to run the last three 
specifications instead of only using dummy variables for each region type as we are particularly interested in the 
region type specific effect each variable has on website prevalence.  

In order to confirm whether our results are robust, we conduct a number of robustness tests. First of all, Table 
A6 in the appendix presents a correlation matrix of the main variables. The correlation matrix including all 
branches is not reported for space reasons. However, their correlation coefficients are smaller than 0.01 in the 
majority of cases and can hence be neglected. In our robustness tests, we drop step by step variables that show 
higher correlation coefficients. Overall, we conduct six different robustness test specifications, each time using the 
different regional sub-samples (see Tables A5.1. - A5.6.). The results remain robust throughout all robustness tests.  

By matching regional data with firm-specific data received from web-scraping, the model is likely to suffer 
from the modifiable areal unit problem (MAUP). We acknowledge this problem and therefore run several 
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robustness tests on different aggregation levels (county and regional planning level)10 for each regional category 
(whole sample, rural, semi-urban, urban) to ascertain whether the results remain robust. As Table A7 in the 
appendix shows, the results remain robust regardless of the aggregation level chosen. Hence, we are confident that 
MAUP does not confound our results.11 

4. Results 

4.1. Descriptive results 

The basic finding regarding website prevalence can be illustrated using the county-level data and the respective 
classification of all German counties into rural, semi-urban and urban.12 Figure 1 shows how website prevalence 
differs between the three types of regions, with urban counties showing roughly a double share of website 
prevalence compared with rural counties. One can clearly see that rural firms have a substantially lower propensity 
to conduct digital marketing by establishing a website compared with urban firms.  

Figure 1. Share and no. of firms running websites classified by rural, semi-urban and urban counties  

 
 

Thus, there is a clear and strong digital divide in terms of website prevalence, which warrants further analysis. 
Furthermore, by comparing firms’ propensity to update their websites, we can use the same broad classification of 
counties. Recall that the “last update” variable is common among older website formats and that it can only be 
obtained from a low share of websites. Therefore, the two proxies HTML5 and HTTPS can be used to comment 
on the up-to-dateness of websites. They can both be interpreted as follows: HTML5 has been introduced roughly 
four years ago and has become the respective standard in website design. If a firm has conducted a substantial 
technical update of their website to the current format in the past four years, it has most likely used the format. 
HTTPS shows that the owner of a website has invested into the communication security of the website in the past 
years and hence it can be regarded as another proxy of up-to-datedness. Table 1 provides an overview of the share 
of websites featuring the respective variable according to the classification of the respective county. 

Table 1. Website update indicators 

Region (no. of firms) update 2018 HTML5 HTTPS 

Urban  .247 (10,040) .573 (48,164) .296 (48,164) 

Semi-urban .236 (5,780) .558 (29,059) .287 (29,059) 

Rural  .239 (3,721) .551 (17,561) .291 (17,561) 
Note: the number reported in brackets represents the number of firms for which data could be retrieved for the specific variable. Hence, the 

results have to be read as follows: we were able to retrieve 10,040 observations on the last update of a firm’s website in urban regions. 24.7% 

of these firms updated their website in 2018. Differences in the number of firms for different variables are due to data availability. 

                                                            
10  Using a smaller regional level is not possible due to data availability of the variables used.  
11 Another possibility to circumvent this problem is using a multilevel approach as used in Tranos and Stich (2020) or López-Bazo and Motellon 
(2018). However, multilevel modeling is not applicable in our case as we do not have any firm-level explanatory variables except for the 
variable controlling for the firm’s branch.  
12 This classification is based upon population density and the role of large cities in the respective region. See 
https://www.inkar.de/documents/Erlaeuterungen%20Raumbezuege19.pdf for details.  
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Interestingly, unlike in website prevalence itself, there are very small differences between urban, semi-urban 
and rural regions in terms of up-to-dateness of the websites. While urban firms tend to have slightly higher shares 
on the three indicators, the differences are weak at best. From this, it can be interpreted that rural firms are less 
likely to run websites, although such firms tend to keep their website similarly up-to-date as urban firms. 

 
A similar descriptive analysis can be conducted regarding social media prevalence, as shown in Table 2. Urban 

firms tend to have slightly higher shares of social media plugins, yet no substantial effects can be seen. 

Table 2. Share of social media plugins in the websites 

Region (no. of firms) Facebook Instagram Twitter 

Urban (48,164) .309 .059 .179 

Semi-urban (29,059) .297 .045 .171 

Rural (17,561) .311 .047 .177 

 
Thus, our core descriptive result is that firms in rural counties have a substantially lower propensity to run 

websites. However, those rural firm running websites show a similar disposition to keep their websites updated 
and connected to social media. Building upon these descriptive results, we run several regressions aiming to 
determine the driving factors behind the strong difference in website prevalence.  

4.2. Regression analysis  

The linear probability regression model analyzes which regional variables increase the probability of a firm 
having a website. The results of the different regression specifications are presented in Table 3.  

 
Turning to the interpretation of our results, we identify some regional determinants that are significantly 

associated with website prevalence. We find that population density has a significantly positive association with 
website prevalence for the overall sample, both including and excluding broadband access. Population density can 
therefore be seen as one determinant for the second-level digital divide between rural and urban firms and the 
respective markets (Figure 1). However, this does not warrant a simple interpretation of this result. The positive 
association with population density could either be due to the greater availability of the technology and network 
effects in cities or it could be interpreted as a rational business decision such that rural firms prefer a more direct, 
non-digital interaction with their customers and vice versa. 

 
Result 1: There is evidence in favor of H1, implying a digital divide between urban and rural firms. 

Regarding the level of professional qualification among employees at the place of residence in the regional 
workforce, we find that higher shares of academically-trained employees are associated with higher website 
prevalence, and vice versa higher shares of employees without professional qualification are associated with lower 
website prevalence. This hints at the knowledge-based nature of the current technological change through 
digitization, whereby employees, firms and regions with a stronger emphasis on higher education and knowledge 
transfer are more innovative, while those without are threatened by digitization. 
 

Result 2: Higher levels of professional qualification in the regional workforce are associated with a higher 
website prevalence, which provides evidence in favor of H2. 
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Table 3. Regression output (short) to explain website prevalence * p < 0.10, ** p < 0.05, *** p < 0.01 

  
All, excl. 

broadband internet
All  Rural  Semi-urban  Urban 

Broadband internet (over 50 Mbit/s in 
2017)     0.0005***  0.0040***  -0.0017***  -0.0046*** 

Population density  0.0001***  0.0001***  -0.0001***  0.0001***  0.0001*** 

Share of employees with acad. education  0.0070***  0.0071***  0.0064***  0.0137***  -0.0022*** 

Share of employees without formal 
educ.  -0.0126***  -0.0114***  -0.0231***  0.0001  -0.0560*** 

Sales revenue in craft sector  0.0023***  0.0022***  0.0030***  -0.0011***  0.0024*** 

GDP per capita  -0.0028***  -0.0029***  0.0013***  -0.0009***  -0.0022*** 

Birth rate  0.0032***  0.0031***  -0.0004  -0.0025***  0.0085*** 

Rate of reg. immigration  0.0001***  0.0001***  -0.0005***  0.0007***  0.0010*** 

Increase / Decrease of inhabitants aged 
65+  -0.0156***  -0.0162***  0.0110*** -0.0129***  -0.0488*** 

Employees in craft sector overall  -0.0022***  -0.0018  0.0005  0.0141***  -0.0104*** 

Constant  -0.215***  0.142***  -0.288***  0.256**  1.368*** 

Observations  297,057  297,057  74,213  93,528  129,313 

R² 0.04 0.07 0.10 0.06 0.11 

Note: The full regression output including branches is reported in Table A4 in the appendix.  

Connected to this result is the regions’ development of the number of inhabitants of pension age (65+ in 
Germany). We find that counties with a high increase of inhabitants in pension age have overall lower levels of 
website prevalence, which can be interpreted as resulting from the different affinity to using digital technologies 
among older generations, in the private as well as the occupational context. However, when looking at the 
differentiation between rural, semi-urban and urban counties, we find that a higher increase of older persons in 
rural regions is associated with higher website prevalence, meaning that the overall effect is driven by semi-urban 
and urban counties. Thus, while the overall result corresponds to previous results, the evidence is mixed when 
employing a regional differentiation. 

 
Result 3: The development of the number of inhabitants aged 65+ is negatively associated with website 

prevalence, which provides evidence in favor of H3. 
 
Further, it has been hypothesized that GDP per capita has a positive association with website prevalence, which 

can be explained from a capability as well as an affordability perspective regarding firms and customers. However, 
the results of our analysis provide evidence of a negative association of GDP per capita in the overall sample and 
particularly in urban regions. Hence, even less-wealthy regions can have high levels of website prevalence. 
Nonetheless, in rural areas the effect is the reversed, as GDP per capita is positively associated with the probability 
of running a website.  

 
Result 4: GDP per capita is positively associated with website prevalence in rural areas only. In urban areas, 

GDP per capita is negatively associated with website prevalence. Consequently, there is mixed evidence regarding 
H4. 

 
Building upon these central results, our analysis addresses a number of additional variables and their association 

with website prevalence. The results suggest that other regional factors may partially explain the likelihood of 
having a website. We ask whether regional in-migration drives website prevalence, whereby this variable proves 
to be significantly positive for the overall sample. This result can be explained such that the majority of migrants 
within advanced countries are young adults who migrate for tertiary education or in the early stages of their careers, 
as is the case for this article's study area. This group tends to have profound digital skills compared to older persons, 
particularly through life-long learning ("digital natives"). Regions with a higher share of immigrants should thus 
have a stronger propensity to use digital technologies like websites for digital marketing. On the opposite side, 
counties with a high regional emigration are likely to lose younger inhabitants with digital skills, thus making 
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firm-level digitization less relevant. Our results support this interpretation as the rate of emigration is negatively 
associated with website prevalence. 

Second, we ask whether the share of craft workers has a significant association with website prevalence, since 
this regional density could be interpreted as a proxy for the regional competition in the craft sector. However, there 
is no overall effect and mixed evidence when looking at the regional variation. 

Third, we find an overall positive association of the development of the birth rate with website prevalence. This, 
again, points at the importance of a young population (the parents) for the regional level of digitization. However, 
this result is driven by urban regions, where an increased birth rate is associated with higher website prevalence. 
We find a negative significant association in semi-urban and no significant association in rural areas. 

Furthermore, we controlled for the availability of high-speed internet. While the speed of 50Mbit/second is not 
needed to run a website, the availability of high-speed internet is likely to positively affect a firm's willingness to 
run a website by making investments in digitization more rewarding overall for firms, which should also affect 
website prevalence. For customers, it might increase internet usage overall and thus foster a stronger demand for 
online information on firms, thus prompting them to provide such information. For the entire sample, there is no 
significant effect for broadband access. However, when looking at rural regions, there is a significantly positive 
effect, while it is significantly negative in semi-urban and urban counties. This result can be partly traced back to 
the respective broadband variable: there is only substantial variation in terms of households’ access to internet 
with 50Mbit/second for rural counties. For semi-urban and urban counties in Germany, there are very few cases 
with an internet speed of less than 50Mbit/second. Thus, only the rural sub-sample should be interpreted. 
Accordingly, rural counties with good high-speed internet infrastructure are significantly more likely to have high 
shares of websites in craft firms than rural counties with poor internet infrastructure. It goes without saying that 
this result says little about causality; rather, there might be a causal link between the existence of larger and 
innovative firms in particular rural counties, whose political pressure has led to broadband access and whose 
existence leads to the internal migration of high-skilled employees who require non-relational information on craft 
firms. Nevertheless, such causal links remain hypothetical. 

5. Discussion 

The hypotheses on the regional determinants of the digital divide that we have addressed are well established 
in the literature, likewise the indicators representing these determinants (the independent variables). The novelty 
in our study lies in the measurement of the dependent variable. Despite the profound differences to previously-
used indicators, we largely confirm their results. However, due to the indicator used, our results include aspects of 
digitization and the digital divide that have been missing in other studies. Our data represents rational business 
decisions of firms, i.e. running a website, and does not represent supply (internet access) or private consumption 
decisions (household usage of digital technologies, for example in Prieger 2013). Compared to other studies, these 
firms cover a wide range of different sectors and are relatively even distributed in space (dependent on population 
distribution) at a low spatial level (NUTS3 compared to NUTS1 for example in Billon et al. 2016 or NUTS2 in 
Ruiz-Rodriguez et al. 2017). Due to the basic nature of the digital technology in question, our analysis therefore 
suggests evidence of a – in contrast to previous studies – very fine-grained spatial divide in basic digitization 
efforts in a wide range of branches. However, our study does not reflect usage skills, which are supposed to be 
growing in importance in future. Castellacci et al. (2020) have introduced a promising indicator but have not yet 
applied it to assess the second-level digital divide and its regional determinants. Moreover, as discussed in section 
2.2, our indicator only represents certain aspects of digitization. It would be interesting to see whether the indicator 
is highly correlated with other indicators and indices proxying the regional digitization degree. Even if we cannot 
be perfectly certain regarding this point, in replicating many previous results, our empirical results suggest that 
this is the case. We therefore think that this web-scraping approach on firms’ websites is also promising in other 
research contexts, since it can be used to retrieve a variety of website characteristics (Kinne & Axenbeck 2018). 
For instance, in research on the digital divide it can be used to retrieve information on the prevalence of other 
digital technologies by applying text-mining procedures.  

Discussing our results in further detail, the positive association of website prevalence with population density 
underlines the importance of population density for the urban-rural second-level digital divide. Firms in cities seem 
to perceive the advantages of and implement action towards online marketing more often than firms in rural 
regions. A higher adoption of (digital) technologies in urban rather than rural regions is often explained by the 
diffusion theory, stating that technologies are first developed and adopted in cities and then trickle down to more 
peripheral regions. If our results for website prevalence are interpreted from this perspective, we see a slow 
diffusion process even for this very basic, cheap and low-barrier technology. This gives rise to concerns, since 
more advanced digital technologies in Europe are primarily being developed and adopted in the economic centers 
(e.g. enabling technologies for Industry 4.0, Ciffolilli & Muscio 2018). These high-barrier technologies should 
trickle down at even slower speed or not diffuse at all and could thus exacerbate the urban-rural divide in 
technological competitiveness and – in the long term – living conditions. 
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Besides population density, other well-known regional determinants for the digital divide have been confirmed 
in our study, including qualification level and age, as characteristics of attractive labor market centers. The positive 
association of in-migration with website prevalence confirms this interpretation. Regions with a high attractiveness 
for the highly qualified therefore seem to be associated with higher digitization levels. Since these characteristics 
(high qualification level, low average age, high in-migration) usually represent urban regions (see 2.1.1), these 
results can be interpreted as explanatory factors for the urban-rural digital divide. However, we find a negative 
association of GDP per capita with website prevalence. One possible explanation for this result might be that a 
number of German cities – in particular Berlin and in the Ruhr area – have a below-average GDP per capita despite 
being densely populated. Due to the high number of inhabitants, there are many craft firms reaching their urban 
customers with websites. Due to the relative weight of these cities in the overall sample, their high share of websites 
and low GDP might have caused the overall effect witnessed in the regression.  

While the overall pattern of an urban-rural technological divide is not new, we suggest that the disruptive effects 
of digitization with substantial changes to market structures change the picture. Our results are not limited to 
specific sectors that undergo technological change, but rather they affect all sectors characterized by smaller firms 
alike, which means that their impact on regional economic structures is likely to be substantially more grave than 
previous technological change. Thus, regional disparities between rural and (semi-)urban regions might become 
substantially more pronounced if rural firms fail to be included into the technological dynamics of digitization. 
Since market pressure from the respective demographics only facilitates digitization in specific regions, we argue 
that there is a growing demand for mechanisms of technology transfer to firms in rural regions. This need is even 
enhanced by the fact that websites represent a very basic digitization effort. It is plausible to assume that the divide 
in more advanced technologies is much stronger. However, if rural firms cannot even compete in terms of websites, 
it is hardly imaginable that they can catch up in advanced technologies without intervention. 

Furthermore, it should be emphasized that the roll-out of broadband would hardly eliminate the second-level 
digital divide. In line with previous findings, our results show that other regional characteristics – notably 
professional qualification, population density, age structure and migration – play a major role in regional 
digitization. Socio-demographically 'weak' regions would still tend to benefit less from broadband internet than 
socio-demographically 'strong' regions, as differences in these characteristics are persistent and can hardly be 
changed. Given that these regional characteristics seem to determine the adoption of websites, which are 
technologically fairly simple, an even stronger influence of these characteristics must be expected for more 
advanced technologies like big data analyses or cloud computing. In order to spread positive effects of digital 
technologies and prevent the rise in inter-regional disparities, policy measures must aim to diffuse more advanced 
technologies beyond the socio-demographically strong regions.  

Different forms of digital training might be an adequate policy instrument for regions that lack some of the 
characteristics that 'automatically' drive regional digitization, especially since some studies have shown that 
(informal) life-long learning is even more important for the usage of digital technologies than professional 
qualification (Billon et al. 2016; Evangelista et al. 2014). Policy measures could thus promote the advancement of 
digital skills in socio-demographically 'weak' regions. Digital skills should be more easily obtainable than 
professional qualifications, and in many regions they should be essential for technological diversification, 
potentially helping to develop new technological specialization patterns (Castellacci et al. 2020). 

6. Conclusion 

In this paper, we have introduced a novel indicator for measuring the regional digitization degree, which 
comprises data on website prevalence in craft firms in Germany and is constructed using a web-scraping algorithm. 
We use this indicator to assess the regional determinants of the second-level digital divide, i.e. spatial differences 
in the usage of digital technologies. While we argue that this indicator differs from previously-used indicators for 
assessing the second-level digital divide, our results largely follow previous results. We therefore argue that the 
web-scraping procedure is a promising tool for future studies in research on digitization from a spatial perspective. 

Our results show a positive association between population density and website prevalence, which hints at the 
conclusion that population density is an important determinant for the second-level digital divide. Equally in line 
with previous research, we find a positive association of formal education levels with website prevalence, 
illustrating the knowledge-based nature of the current technological change. A young population and high in-
migration rates are also associated with a higher digitization degree. Since these website-promoting characteristics 
are usually found in cities, we find a profound urban-rural second-level digital divide that is not only rooted in 
population density but also in other socio-demographic regional characteristics. In contrast to recent studies, we 
find a negative association of GDP per capita with regional website prevalence and discuss interpretations. This 
result is driven by urban regions, while the opposite is true for rural regions. Our descriptive results show no 
substantial urban-rural differences in website characteristics (up-to-datedness, social media references) warranting 
no detailed evaluation of these characteristics. Further results show no overall association of broadband availability 
with website prevalence, but a positive association in rural regions. 

We find promising avenues for future research in applying the proposed web-scraping procedure. Future studies 
could transfer our empirical approach to other countries or spatial scales and integrate further potentially-relevant 
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regional characteristics that were unavailable in our sample but have been used in previous research, such as 
regional industry and sector structures, average firm sizes and regional institutional factors (Billon et al. 2016; 
Dengler et al. 2018; Moriset et al. 2012). 
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Appendix 

Table A1. List of branches and number of observations 

Professions Number of firms Number of firms with 
websites 

Share of firms with 
websites 

Apparatus construction 1,383 465 .336 
Optician 11,792 5,451 .46.2 
Concrete building 6,086 2,724 .44.8 
Well construction 857 376 .43.9 
Bookbinder 972 349 .35.9 
Baker 23,219 4,486 .19.3 
Roofer 11,957 4,819 .40.3 
Electrician 19,621 5,532 .28.2 
Butcher 14,806 2,827 .19.1 
Floor tiler 9,629 2,384 .24.8 
Hairdresser 25,486 4,703 .18.5 
Building cleaner 8,771 3,520 .40.1 
Scaffolder 3,117 990 .31.8 
Glazier 6,471 3,097 .47.9 
Goldsmith 3,295 1,006 .30.5 
Engraver 738 229 .31.0 
Heating engineer 19,237 6,171 .32.1 
Audiologist 5,485 2,549 .46.5 
Installer 4,931 2,523 .51.2 
Automotive mechatronics engineer 16,528 4,921 .29.8 
Plumber 13,364 4,099 .30.7 
Confectionist 1,669 453 .27.1 
Furrier 261 65 .24.9 
Painter 14,696 5,086 .34.6 
Mason 2,227 877 .39.4 
Custom tailor 159 82 .51.6 
Organ maker 272 63 .23.2 
Orthopedic technician 4,858 1,833 .37.7 
Interior decorator 8,437 2,487 .29.5 
Plumbing Electrician 1,586 793 .50.0 
Heating engineering 20,138 5,701 .28.3 
Plumbing and heating installer 13,019 4,299 .33.0 
Smith 5,697 1,398 .24.5 
Chimney sweeper 4,803 609 .12.7 
Shoemaker 2,009 367 .18.3 
Stone carver 4,473 1,548 .34.6 
Roadmaking 6,948 1,714 .24.7 
Plasterer 4,180 1,115 .26.7 
Dry-cleaner 3,427 758 .22.1 
Cabinetmaker 17,135 5,189 .30.3 
Ceramist 437 101 .23.1 
Clocksmith 1,557 349 .22.4 
Carpenter 9,937 2,842 .28.6 
Bicycle mechanic 10,691 3,510 .32.8 
No. of observations / share 346,361 104,460 .30.2 
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Table A2. List of and description of variables  

Name Description Calculation Survey year 
Website prevalence Firm is running a website  Firm is running a website = “1” or not 

= “0” 
2018 

HTML_5 Firm’s website is using 
Hyper Text Markup 
Language 5 

Firm is using HTML 5 = “1” or not = 
“0” 

2018 

Facebook  Firm has linked its 
Facebook profile to the 
website 

Firm has linked its Facebook profile to 
the website = “1” or not = “0” 

2018 

Instagram  Firm has linked its 
Instagram profile to the 
website 

Firm has linked its Instagram profile to 
the website = “1” or not = “0” 

2018 

Twitter Firm has linked its Twitter 
profile to the website 

Firm has linked its Twitter profile to 
the website = “1” or not = “0” 

2018 

https Firm is using Hypertext 
Transfer Protocol Secure 

Firm is using Hypertext Transfer 
Protocol Secure = “1” or not = “0” 

2018 

Last modification 
2018 

Firm’s website was 
updated lastly in 2018 

Firm’s website was updated lastly in 
2018 = “1” or not = “0” 

2018 

Broadband internet Share of households with 
access to broadband 
internet over 50 Mbit/s in 
2017 

 2017 

Population density Inhabitants per km² 
 

Inhabitants / km² 
 

2015 

Share of employees 
without professional 
qualification 

Share of employees 
without professional 
qualification of all 
employees at place of 
residence in %  

Employees without professional 
qualification at place of residents / all 
employees at place of residence x 100 
 

2015 

Share of employees 
with academic 
education (university 
or applied college) 

Share of employees with 
academic education of all 
employees at place of 
residence in % 

Employees with academic education at 
place of residence / all employees at 
place of residence x 100 

2015 

Sales revenue in craft 
sector 

Sales revenue of craft 
companies in 1,000 € per 
employee  

Sales revenue in craft sector / number 
of employees 
 

2014 

GDP per capita GDP in 1,000 € per capita GDP / number of inhabitants / 1,000 2015 
Birth Rate Increase or decrease of 

number of births in % 
Number of births <2014> - number of 
births <2011> / Number of births 
<2011> x 100 

2011, 2014 

Rate of (internal) 
emigration per region 

Emigrants per 1,000 
inhabitants in a given 
region 

Emigration / number of inhabitants x 
1,000 
 

2015 

Rate of internal 
immigration per 
region 

Immigrants per 1,000 
inhabitants in a given 
region 

Internal immigrants / number of 
inhabitants x 1,000 
 

2015 

Increase / Decrease of 
inhabitants aged 65+ 

Development of number 
of inhabitants 65 years or 
older in % 
 

(inhabitants >= 65 years <2015> - 
inhabitants >= 65 years <2011>) / 
inhabitants >= 65 years <2011> x 100 
 

2011-2015 

Employees in craft 
sector overall 

Share of employees 
working in crafts 
companies of all 
employees in % 

Employees in crafts sector / all 
employees x 100 
 

2014 

Source of data: Webscraping of Yellow Pages (06/2018), INKAR Database (www.inkar.de; last accessed 

03.02.2020) 
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Table A3. Descriptive statistics 

 
Variable Obs Mean Std. Dev. Min Max 

Website prevalence 346,361 0.30 0.46 0 1 

HTML_5 96,149 0.57 0.50 0 1 

Facebook 96,149 0.31 0.46 0 1 

Instagram 96,149 0.05 0.22 0 1 

Twitter 96,149 0.17 0.38 0 1 

https 96,149 0.30 0.46 0 1 

Last modification 2018 346,361 0.01 0.12 0 1 

Broadband internet (over 50 MB in 2017) 299,722 75.59 15.40 19.7 99.7 

Population density 299,681 717.24 918.70 36 3,947 

Share of employees with acad. education 299,681 13.14 6.20 5.14 40.03 

Share of employees without formal educ. 299,681 12.18 2.55 4.15 19.04 

Sales revenue in craft sector 297,057 100.64 19.14 59.07 199.30 

GDP per capita 299,681 36.17 14.95 15.34 130.85 

Birth rate 299,681 11.46 5.60 -10.28 33.00 

Rate of reg. emigration 299,681 51.07 26.75 22.95 339.85 

Rate of reg. immigration 299,681 65.26 29.48 28.96 363.04 

Increase / Decrease of inhabitants aged 65+ 299,681 4.56 2.24 -0.94 10.38 

Employees in craft sector overall 299,681 13.79 4.61 4.09 52.81 

Apparatus construction 346,361 0.004 0.06 0 1 

Optician 346,361 0.03 0.18 0 1 

Concrete building 346,361 0.02 0.13 0 1 

Well construction 346,361 0.002 0.05 0 1 

Bookbinder 346,361 0.003 0.05 0 1 

Baker 346,361 0.07 0.25 0 1 

Roofer 346,361 0.03 0.18 0 1 

Electrician 346,361 0.06 0.23 0 1 

Butcher 346,361 0.04 0.20 0 1 

Floor tiler 346,361 0.03 0.16 0 1 

Hairdresser 346,361 0.07 0.26 0 1 

Building cleaner 346,361 0.03 0.16 0 1 

Scaffolder 346,361 0.009 0.09 0 1 

Glazier 346,361 0.02 0.14 0 1 

Goldsmith 346,361 0.01 0.10 0 1 

Engraver 346,361 0.002 0.05 0 1 

Heating engineer 346,361 0.06 0.23 0 1 

Audiologist 346,361 0.02 0.12 0 1 

Installer 346,361 0.01 0.12 0 1 

Automotive mechatronics engineer 346,361 0.05 0.21 0 1 

Plumber 346,361 0.04 0.19 0 1 

Confectionist 346,361 0.005 0.07 0 1 

Furrier 346,361 0.001 0.03 0 1 

Painter 346,361 0.04 0.20 0 1 
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Mason 346,361 0.006 0.08 0 1 

Custom tailor 346,361 0.0004 0.02 0 1 

Organ maker 346,361 0.001 0.03 0 1 

Orthopedic technician 346,361 0.01 0.12 0 1 

Interior decorator 346,361 0.02 0.15 0 1 

Plumbing electrician 346,361 0.005 0.07 0 1 

Heating engineering 346,361 0.06 0.23 0 1 

Plumbing and heating installer 346,361 0.04 0.19 0 1 

Smith 346,361 0.02 0.13 0 1 

Chimney sweeper 346,361 0.01 0.12 0 1 

Shoemaker 346,361 0.006 0.08 0 1 

Stone carver 346,361 0.01 0.11 0 1 

Roadmaking 346,361 0.02 0.14 0 1 

Plasterer 346,361 0.01 0.11 0 1 

Dry-cleaner 346,361 0.01 0.10 0 1 

Cabinetmaker 346,361 0.05 0.22 0 1 

Ceramist 346,361 0.001 0.04 0 1 

Clocksmith 346,361 0.004 0.07 0 1 

Carpenter 346,361 0.03 0.17 0 1 

Bicycle mechanic 346,361 0.03 0.17 0 1 
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Table A4. Full regression output to explain website prevalence * p < 0.10, ** p < 0.05, *** p < 0.01 

  All, excl. broadband internet All Rural Semi-urban Urban 

Broadband internet (over 50 MB in 2017)  0.0005*** 0.0040*** -0.0017*** -0.0046*** 

Population density 0.0001*** 0.0001*** -0.0001*** 0.0001*** 0.0001*** 

Share of employees with acad. education 0.0074*** 0.0071*** 0.0064*** 0.0137*** -0.0022*** 

Share of employees without formal educ. -0.0108*** -0.0114*** -0.0231*** 0,0002 -0.0560*** 

Sales revenue in craft sector 0.0022*** 0.0022*** 0.0030*** -0.0011*** 0.0024*** 

GDP per capita -0.0029*** -0.0029*** 0.0013*** -0.0009*** -0.0022*** 

Birth rate 0.0033*** 0.0031*** -0,0004 -0.0025*** 0.0085*** 

Rate of reg. immigration 0.0001*** 0.0001*** -0.0005*** 0.0007*** 0.0010*** 

Increase / Decrease of inhabitants aged 65+ -0.0163*** -0.0162*** 0.0110*** -0.0129*** -0.0488*** 

Employees in craft sector overall -0.0022*** -0.0018*** 0,0005 0.0141*** -0.0104*** 

Apparatus construction 0.0921*** 0.0915*** 0.1170* -0,0311 0.1250** 

Optician 0.2180*** 0.2180*** 0.2390*** 0,1310 0.2240*** 

Concrete building 0.2300*** 0.2290*** 0.2540*** 0,1290 0.2380*** 

Well construction 0.2190*** 0.2180*** 0.1760*** 0.2810** 0.2060*** 

Bookbinder 0.0945*** 0.0945*** 0.1110* -0,0353 0.1270** 

Baker -0,0356 -0,0358 0,0014 -0,1080 -0,0439 

Roofer 0.1880*** 0.1880*** 0.2100*** 0,0885 0.1920*** 

Electrician 0.0614* 0.0615* 0,0529 -0,0223 0.0856* 

Butcher -0,0209 -0,0201 0,0125 -0,0998 -0,0149 

Floor tiler 0,0344 0,0344 0,0543 -0,0492 0,0389 

Hairdresser -0.0631** -0.0635** -0,0359 -0,1200 -0,0813 

Building cleaner 0.1460*** 0.1450*** 0.1900*** 0,0720 0.1350*** 

Scaffolder 0.0910*** 0.0912*** 0.1190** -0,0204 0.1210** 

Glazier 0.2480*** 0.2470*** 0.2450*** 0,1370 0.2790*** 

Goldsmith 0.0624* 0.0620* 0,0814 -0,0760 0.0939* 

Engraver 0.0718** 0.0718** 0,0907 -0,0477 0.0987* 

Heating engineer 0.0978*** 0.0977*** 0,0772 0,0028 0.1420*** 

Audiologist 0.2190*** 0.2190*** 0.2850*** 0,1430 0.1940*** 

Installer 0.2800*** 0.2790*** 0.1870*** 0.1820* 0.2640*** 

Automotive mechatronics engineer 0.0726** 0.0727** 0,0813 0,0051 0,0775 

Plumber 0.0815*** 0.0812** 0,0730 -0,0406 0.1170** 

Confectionist 0,0537 0,0534 0,0048 -0,1210 0.1560*** 

Furrier . . . -0,1250 0,0498 

Painter 0.1060*** 0.1060*** 0.0932* 0,0478 0.1030** 

Mason 0.1630*** 0.1630*** 0.2390*** 0,0724 0.1520*** 

Custom tailor 0.1680*** 0.1680*** 0,1470 . 0.2050*** 

Organ maker 0,0223 0,0231 0,0447 -0,0570 -0,0114 

Orthopedic technician 0.1530*** 0.1520*** 0.1710*** 0,0585 0.1710*** 

Interior decorator 0.0770** 0.0770** 0.1250** -0,0461 0.0956* 

Plumbing electrician 0.2880*** 0.2880*** 0.2340*** 0.2050* 0.2900*** 

Heating engineering 0.0545* 0.0542* 0,0245 0,0139 0,0577 

Plumbing and heating installer 0.1110*** 0.1110*** 0.0980* -0,0078 0.1450*** 

Smith 0,0235 0,0237 0,0341 -0,1150 0,0682 

Chimney sweeper -0.0825** -0.0822** -0,0298 -0,1690 -0.0955* 

Shoemaker . . . . . 

Stone carver 0.1270*** 0.1270*** 0.1590*** 0,0173 0.1610*** 

Roadmaking 0,03520 0,0351 0.1310** -0,1080 0,0375 

Plasterer 0,03450 0,0346 0.1140** -0,0778 0,0472 

Dry-cleaner -0,0384 -0,0388 0,0325 -0,1240 -0,0553 

Cabinetmaker 0.0897*** 0.0903*** 0,0760 -0,0029 0.1300** 

Ceramist 0,0049 0,0059 0,0524 -0,0792 . 

Clocksmith 0,0154 0,0150 0,0051 -0,1020 0,0746 

Carpenter 0.0908*** 0.0915*** 0.0960* -0,0128 0.1450*** 

Bicycle mechanic 0.1040*** 0.1030*** 0.1030* 0,0269 0.1210** 

Constant 0.170*** 0.142*** -0.288*** 0.256*** 1.368*** 

Observations 297,057 297,057 74,213 93,528 129,313 

R2 0.07 0.07 0.10 0.06 0.11 
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Table A5. Robustness tests,  * p < 0.10, ** p < 0.05, *** p < 0.01 

Table A5.1. Baseline model 

 All Rural Semi-urban Urban 
Broadband internet (over 50 Mbit/s in 
2017) 

0.0001*** 0.0041*** -0.0015*** -0.0046*** 

Population density 0.0001*** -0.0001*** 0.0001*** 0.0001*** 

Share of employees with acad. Education 0.0070*** 0.0065*** 0.0133*** -0.0020*** 

Share of employees without formal educ. -0.0126*** -0.0249*** -0.0013* -0.0567*** 

Sales revenue in craft sector 0.0023*** 0.0030*** -0.0011*** 0.0025*** 

GDP per capita -0.0028*** 0.0015*** -0.0008*** -0.0021*** 

Birth rate 0.0032*** -0,0002 -0.0026*** 0.0089*** 

Rate of reg. Immigration 0.0001*** -0.0006*** 0.0007*** 0.0010*** 
Increase / Decrease of inhabitants aged 65+ -0.0156*** 0.0121*** -0.0118*** -0.0484*** 

Employees in craft sector overall -0.0022*** 0,0002 0.0140*** -0.0106*** 

Constant 0.215*** -0.206*** 0.249*** 1.450*** 

Observations 297,057 74,213 93,528 129,313 
R2 0.04 0.07 0.03 0.08 

 

Table A5.2. Baseline model without broadband internet variable 

 All Rural Semi-urban Urban 
Broadband internet (over 50 Mbit/s in 
2017) 

    

Population density 0.0001*** -0.0001*** 0.0001*** 0.0001*** 

Share of employees with acad. Education 0.0074*** 0.0133*** 0.0136*** -0.0044*** 

Share of employees without formal educ. -0.0108*** -0.0199*** -0,0007 -0.0567*** 

Sales revenue in craft sector 0.0022*** 0.0032*** -0.0010*** 0.0022*** 

GDP per capita -0.0029*** 0.0020*** -0.0010*** -0.0021*** 

Birth rate 0.0033*** 0,0003 -0.0027*** 0.0077*** 

Rate of reg. Immigration 0.0001*** -0.0006*** 0.0007*** 0.0012*** 
Increase / Decrease of inhabitants aged 65+ -0.0163*** 0.0102*** -0.0135*** -0.0462*** 

Employees in craft sector overall -0.0022*** -0.0006* 0.0151*** -0.0089*** 

Constant 0.170*** -0.173*** 0.138 1.029*** 

Observations 297,057 74,213 93,528 129,313 
R2 0.07 0.09 0.05 0.11 

 

 

Table A5.3. 

 All Rural Semi-urban Urban 
Broadband internet (over 50 Mbit/s in 
2017) 

0.00231*** 0.00385*** -0.00105*** -0.000436*** 

Population density     
Share of employees with acad. Education     
Share of employees without formal educ. -0.00664*** -0.0204*** -0.0149*** -0.0162*** 
Sales revenue in craft sector     
GDP per capita 0,000047 0.000600*** 0.00181*** -0.00206*** 
Birth rate     
Rate of reg. emigration     
Rate of reg. immigration 0.00444*** 0.00222*** 0.0116*** 0.00163*** 
Increase / Decrease of inhabitants aged 65+     
Employees in craft sector overall -0.00449*** 0.00306*** 0.00437*** -0.0178*** 
Constant 0.287 0.031 0.133* 0.709*** 
Observations 297,057 74,213 93,528 129,313 
R2 0.05 0.08 0.05 0.05 
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Table A5.4.  

 All Rural Semi-urban Urban 
Broadband internet (over 50 Mbit/s in 
2017) 

0.0006***  0.0040*** -0.0017*** -0.0039*** 

Population density 0.0001*** -0.0001*** 0.0001*** 0.0001*** 
Share of employees with acad. education     
Share of employees without formal educ.     
Sales revenue in craft sector 0.0018*** 0.0014*** -0.0009*** 0.0026*** 
GDP per capita -0.0017*** -0.0008*** -0,0001 -0.0016*** 
Birth rate     
Rate of reg. emigration     
Rate of reg. immigration     
Increase / Decrease of inhabitants aged 65+ -0.0064*** 0.0152*** -0.0069*** -0.0201*** 
Employees in craft sector overall -0.0035*** -0.0011*** 0.0093*** -0.0090*** 
Constant 0.0912*** -0.262*** 0.398*** 0.513*** 
Observations 297,057 74,213 93,528 129,313 
R2 0.06 0.07 0.04 0.08 

 

 

Table A5.5.  

 All Rural Semi-urban Urban 
Broadband internet (over 50 Mbit/s in 
2017) 

0.0005*** 0.0042*** -0.0018*** -0.0038*** 

Population density 0.0001*** -0.0001*** 0.0001*** 0.0001*** 
Share of employees with acad. education                                                              
Share of employees without formal educ.                                                              
Sales revenue in craft sector 0.0018*** 0.0022** -0.0009*** 0.0023*** 
GDP per capita -0.0016*** -0.0018*** 0,0001 -0.0022*** 
Birth rate                                                          
Rate of reg. emigration     
Rate of reg. immigration                                                          
Increase / Decrease of inhabitants aged 65+                                                          
Employees in craft sector overall -0.0041*** -0.0012*** 0.0083*** -0.0146*** 
Constant 0.0718*** -0.243*** 0.377*** 0.458*** 
Observations 297,057 74,213 93,528 129,313 
R2 0.06 0.07 0.04 0.07 
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Table A6. Correlation matrix of main variables  

 
 Website 

prevalence 
Broadband 

internet 
Population 

density 
Share of 

employees 
with 

academic 
education

Share of 
employees 

without 
formal 

education

Sales 
revenue in 
craft sector

GDP per 
capita 

Developme
nt of 

birthrate 

Rate of 
regional 

emigration

Rate of 
regional 

immigratio
n 

Increase/ 
Decr. of 

inhabitants 
aged 65+ 

Employees 
in craft 
sector 
overall 

Website prevalence 1.000            

Broadband internet 0.10 1.000           

Population density 0.16 0.29 1.000          

Share of employees 
with academic 
education 

0.14 0.29 0.66 1.000         

Share of employees 
without formal 
education 

0.0004 0.21 0.26 -0.01 1.000        

Sales revenue in craft 
sector 

0.009 -0.06 -0.25 -0.13 0.21 1.000       

GDP per capita 0.064 0.22 0.46 0.65 0.25 0.08 1.000      

Birth rate 0.06 0.08 0.26 0.18 0.21 0.06 0.20 1.000     

Rate of regional 
emigration 

0.05 0.15 0.23 0.43 0.19 0.14 0.38 0.04 1.000    

Rate of regional 
immigration 

0.06 0.18 0.22 0.43 0.19 0.16 0.37 0.06 0.99 1.000   

Increase / Decrease of 
inhabitants aged 65+ 

-0.07 -0.25 -0.35 -0.04 -0.30 0.18 -0.22 0.04 -0.12 -0.11 1.000  

Employees in craft 
sector overall 

-0.09 -0.37 -0.54 -0.61 -0.20 0.35 -0.52 -0.07 -0.29 -0.29 0.35 1.000 
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Table A7. Robustness tests modifiable areal unit problem (MAUP) 

 All Rural Semi-urban Urban 

 County-level Regional 
Planning - 

Level 

County-level Regional 
Planning - 

Level 

County-level Regional 
Planning - 

Level 

County-level Regional 
Planning - 

Level 
Broadband internet (over 
50 MB in 2017) 

0.0005*** 0.0005*** 0.0040*** 0.0037*** -0.0017*** -0.0021*** -0.0046*** -0.0044*** 

Population density 0.0001*** 0.0001*** -0.0001*** -0.0001*** 0.0001*** 0.0000 0.0001*** 0.0001*** 

Share of employees with 
acad. education 

0.0071*** 0.0061*** 0.0064*** 0.0062*** 0.0137*** 0.0106*** -0.0022*** -0.0057*** 

Share of employees 
without formal educ. 

-0.0114*** -0.0123*** -0.0231*** -0.0253*** 0,0002 -0.0021*** -0.0560*** -0.0609*** 

Turnover in craft sector 0.0022*** 0.0023*** 0.0030*** 0.0028*** -0.0011*** -0.0011*** 0.0024*** 0.0031*** 

GDP per capita -0.0029*** -0.0035*** 0.0013*** 0.0010*** -0.0009*** -0.0008*** -0.0022*** -0.0028*** 

Birth rate 0.0031*** 0.0031*** -0,0004 0.0006*** -0.0025*** -0.0014*** 0.0085*** 0.0067*** 

Rate of reg. immigration 0.0001*** 0.0001* -0.0005*** 0.0005*** 0.0007*** 0.0008*** 0.0010*** 0.0012*** 

Increase / Decrease of 
inhabitants aged 65+ 

-0.0162*** -0.0103*** 0.0110*** 0.0101*** -0.0129*** -0.0128*** -0.0488*** -0.0357*** 

Employees in craft sector 
overall 

-0.0018*** -0.0025*** 0,0005 0.0006*** 0.0141*** 0.0143*** -0.0104*** -0.0133*** 

Apparatus construction 0.0915*** 0.0335** 0.1170* 0.0298 -0,0311 0.0930** 0.1250** 0.0093 

Optician 0.2180*** 0.0555*** 0.2390*** 0.0198 0,1310 0.1520*** 0.2240*** 0.0147 

Concrete building 0.2290*** 0.0553*** 0.2540*** 0.0230 0,1290 0.1420*** 0.2380*** 0.0135 

Well construction 0.2180*** 0.0658*** 0.1760*** 0.0169 0.2810** 0.2120*** 0.2060*** 0.0200 

Bookbinder 0.0945*** 0.0472*** 0.1110* 0.0173 -0,0353 0.1380*** 0.1270** 0.0122 

Baker -0,0358 0,0376*** 0,0014 0.0049 -0,1080 0.1410*** -0,0439 -0.0018 

Roofer 0.1880*** 0.0489*** 0.2100*** 0.0285 0,0885 0.1330*** 0.1920*** -0.0037 

Electrician 0.0615* 0.0358** 0,0529 0.0046 -0,0223 0.1290*** 0.0856* -0.0021 

Butcher -0,0201 0,0413*** 0,0125 0.0118 -0,0998 0.1370*** -0,0149 0.018 

Floor tiler 0,0344 0,0445*** 0,0543 0.0241 -0,0492 0.1410*** 0,0389 -0.0058 

Hairdresser -0.0635** -0.0675*** -0,0359 -0.0133 -0,1200 0.2150*** -0,0813 0.0174 

Building cleaner 0.1450*** 0.0589*** 0.1900*** 0.0307* 0,0720 0.1540*** 0.1350*** 0.0137 

Scaffolder 0.0912*** 0.0276* 0.1190** 0.0036 -0,0204 0.1100** 0.1210** 0.0028 

Glazier 0.2470*** 0.0484*** 0.2450*** 0.0208 0,1370 0.1340*** 0.2790*** 0.0126 

Goldsmith 0.0620* 0.0481*** 0,0814 0.0214 -0,0760 0.1250*** 0.0939* 0.0139 

Engraver 0.0718** 0.0468*** 0,0907 0.0308 -0,0477 0.1420*** 0.0987* -0.0036 

Heating engineer 0.0977*** 0.0241* 0,0772 -0.0044 0,0028 0.1270*** 0.1420*** -0.0128 

Audiologist 0.2190*** 0.0700*** 0.2850*** 0.0243 0,1430 0.1700*** 0.1940*** 0.0283 

Installer 0.2790*** 0.1740*** 0.1870*** 0.0473** 0.1820* 0.3160*** 0.2640*** 0.0559*** 

Automotive mechatronics 
engineer 

0.0727** 0.0448*** 0,0813 0.0081 0,0051 0.1540*** 0,0775 0.0076 

Plumber 0.0812** 0.0423*** 0,0730 0.0201 -0,0406 0.1200** 0.1170** 0.0027 

Confectionist 0,0534 0,0375** 0,0048 -0.0147 -0,1210 0.1100** 0.1560*** 0.0334 

Furrier . . . . -0,1250 0.0984* 0,0498 -0.0349 

Painter 0.1060*** 0.0613*** 0.0932* 0.0128 0,0478 0.1790*** 0.1030** 0.0063 

Mason 0.1630*** 0.0279* 0.2390*** 0.0166 0,0724 0.1140** 0.1520*** -0.0038 

Custom tailor 0.1680*** 0.0504*** 0,1470 -0.0323 . . 0.2050*** 0.0328 

Organ maker 0,0231 0,0286 0,0447 -0.0161 -0,0570 0.1220** -0,0114 0.0079 

Orthopedic technician 0.1520*** 0.0462*** 0.1710*** 0.0165 0,0585 0.1530*** 0.1710*** 0.0050 

Interior decorator 0.0770** 0.0400*** 0.1250** 0.0316 -0,0461 0.1240*** 0.0956* -0.0015 

Plumbing electrician 0.2880*** 0.0695*** 0.2340*** 0.0285 0.2050* 0.1790*** 0.2900*** 0.0011 

Heating engineering 0.0542* 0.0417*** 0,0245 -0.0029 0,0139 0.1700*** 0,0577 -0.0039 

Plumbing and heating 
installer 

0.1110*** 0.0489*** 0.0980* -0.0203 -0,0078 0.1310*** 0.1450*** -0.0025 

Smith 0,0237 0,0489*** 0,0341 0.025 -0,1150 0.1200*** 0,0682 0.0195 

Chimney sweeper -0.0822** -0.0269* -0,0298 0.0063 -0,1690 0.1230*** -0.0955* -0.0092 

Shoemaker . . . . . . . . 

Stone carver 0.1270*** 0.0176*** 0.1590*** 0.0194 0,0173 0.1060** 0.1610*** -0.0200 

Roadmaking 0,0351 0,0866*** 0.1310** 0.0251 -0,1080 0.2060*** 0,0375 0.0157 

Plasterer 0,0346 0,0034 0.1140** -0.0102 -0,0778 0.0897* 0,0472 -0.0395** 

Dry-cleaner -0,0388 0,0713*** 0,0325 0.0400* -0,1240 0.1650*** -0,0553 0.0209 

Cabinetmaker 0.0903*** 0.0408*** 0,0760 0.0164 -0,0029 0.1390*** 0.1300** -0.0038 
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Ceramist 0,0059 0,0190 0,0524 -0.0025 -0,0792 0.1290*** . . 

Clocksmith 0,0150 0,0307** 0,0051 0.0291 -0,1020 0.1190** 0,0746 -0.0027 

Carpenter 0.0915*** 0.0356** 0.0960* 0.0186 -0,0128 0.1260*** 0.1450*** 0.0044 

Bicycle mechanic 0.1030*** 0.0488*** 0.1030* 0.0167 0,0269 0.1560*** 0.1210** 0.0092 

Constant 0.142*** 0.205*** -0.288*** 0.1420*** 0.256*** 0.187*** 0.256*** 1.512*** 

Observations 297,057 297,057 74,213 74,213 93,528 93,528 129,313 129,313 

R2 0.07 0.125 0.10 0.33 0.06 0.13 0.06 0.30 

 


