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Abstract

This paper analyzes the regional dimension of the German digital divide.
It considers the impact of regional characteristics on differences in the
share of Internet use between German counties. In addition, it studies
the influence of regional factors as well as individual characteristics on
the individual probability of becoming a new Internet user. Based on two
large data sets, SOEP and INKAR, the analyses show that it is not the
rusticity of a region itself that explains regional differences in Internet
use. The results rather indicate that it is the different composition of the
population between rural and urban areas that accounts for the regional
digital divide.
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1 Introduction

Rural regions tend to be economically lagging behind urban areas as industrial

and labor markets are concentrated in densely populated regions. People living

in rural areas have to overcome long distances to most markets and face lim-

ited access to consumer goods, labor, information and other resources. Against

the background of this ‘rural penalty’ (Malecki, 2003) the use of information

and communication technologies (ICT), especially the Internet, provides various

possibilities to reduce the associated disadvantages. The Internet can encourage

rural development by reducing or even eliminating the difficulties of distance.

Besides providing various opportunities for firms that are settling in rural areas,

the Internet offers, for instance, convenient consumption and a wider product

mix to consumers. It provides the possibility of distance learning. And it can

facilitate job search activities by providing access to information, advice services,

and job search networks, as described by McQuaid, Lindsay, and Greig (2004).

The communication with family members and friends is an additional important

motive of using the Internet. However, in spite of these possibilities and advan-

tages Internet diffusion occurs much more slowly in rural regions than in city

areas, potentially hampering economic development in rural areas and increasing

the gap in economic well-being between rural and urban areas in many developed

countries.

In Germany, Internet access has spread over the whole country during the last

years. In 2006, a total of nearly 60 percent of the German population older than

14 years uses the Internet at home or on the job, compared to 37 percent in 2001

(Infratest, 2006). But, measuring the shares of Internet users among various

population groups, the Nonliner-Atlas 2006 shows a difference of 11 percentage

points between small communities having 51 percent users and large cities having

62 percent (Infratest, 2006)1, a difference that was even growing in recent years.2

That development could be the result of the uneven regional diffusion of broad-

1Small communities are those with a population of less than 5,000 inhabitants, large cities
have a population of more than 500,000.

2The difference in the share of Internet users between small communities and large cities
decreased between 2001 and 2004 from 8.5 to 6.4 percentage points, but grew strongly after-
wards.
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band connection.3 However, rural-urban Internet use differences were already

prevalent in 2001 when broadband was used by scarcely anybody in German

private households.4 Thus, infrastructure differences are less likely to represent

the main source of the rural-urban digital divide5 with respect to Internet use

observed in Germany. As closing the digital divide is one of the current economic

challenges within and between countries the dimensions and sources of the digital

divide need to be studied in order to find appropriate policies targeted at closing

the gap.

This paper analyzes regional differences in Internet penetration rates in Ger-

many and therefore contributes to the digital divide research. Research studies

focussing on the regional dimension of the digital divide mostly analyze differences

between countries. Regional aspects within countries that go beyond population

density and beyond mere technical access considerations are much less prevalent.

Thus, when studying the determinants of Internet use diffusion in private house-

holds in Germany this paper takes various regional characteristics into account.

It shows how regional aspects are related to differences in Internet use between

regions as well as between individuals. Moreover, it takes account of network

effects.

The empirical work is based on two large data sets: the German Socio-Economic

Panel (SOEP) and the INKAR data6. This provides the opportunity of merging

detailed individual and regional information. The analyses are carried out in two

steps. In the first step, it is studied which regional characteristics determine the

degree of home Internet use in German counties. Corresponding to other stud-

3As Internet providers are attracted by market size they focus their activities on densely
populated areas. Thus, the availability of broadband access that allows the use of a wide range
of Internet applications at a high rate of data transfer is limited and more expensive in rural
areas.

4At the beginning of 2001, only 4 percent of German user households had broadband access
(Infratest, 2006).

5The OECD defines it as follows: “The term ‘digital divide’ refers to the gap between
individuals, households, business and geographic areas at different socio-economic levels with
regard both to their opportunities to access information and communication technologies (ICTs)
and to their use of the Internet for a wide variety of activities.”

6INKAR denotes ‘Indikatoren und Karten zur Raumentwicklung’ (indicators and maps on
land development).
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ies, the results confirm that in less densely populated German counties Internet

diffusion is less advanced. However, part of this population density effect can

be explained by other regional characteristics: The county-wide share of highly

qualified employees and the share of one-person households are positively related

to the penetration of Internet use at home. The regional unemployment rate as

well as the share of foreigners show a significantly negative correlation.

In a second step, further analyses are carried out on the individual level where

the decision of becoming a new Internet user is studied. Besides factors that

characterize the county the individuals live in, the impact of individual charac-

teristics is analyzed. The results show that only one of the regional factors (the

share of one-person households) has a significant impact when individual factors

are additionally considered. Thus, individual characteristics are much more im-

portant than regional determinants when analyzing the individual probability of

becoming a new Internet user. In addition, the local share of experienced Inter-

net users (usershare) has a highly significant positive impact on the decision of

becoming a new user, signalling positive network effects.

This paper proceeds as follows: Section 2 gives a short overview on the results

of previous studies. The data are described in Section 3. Section 4 exhibits

hypotheses and the empirical framework and Section 5 presents the results on

the regional as well as on the individual level. Section 6 concludes.

2 Related Literature

Within wealthy nations, such as the U.S., Germany, the United Kingdom, and

Scandinavian countries, Internet connectivity is widely spread. But even within

these countries sizable discrepancies exist between population groups regarding

their Internet use. Research in various countries ascertains that individual char-

acteristics, such as age, income or educational background can generate major

usage barriers. An OECD analysis in 2001 based on national statistics of OECD

countries shows that Internet access and use is higher for individuals and house-

holds with a higher income and a higher level of education (OECD/DSTI, 2001).

In addition, the size of household matters as Internet penetration is the highest

in households with children under 18 compared to other household forms. The
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authors conclude that policies should aim at improving Internet literacy by ex-

panding the related skill base in educational institutions and vocational training

programs. Analyzing the online population in the U.S. Lenhart (2003) reaches

similar conclusions with survey data of 2002.7

Largely similar results are obtained for Germany. Using German SOEP data

of the years 1997, 2001 and 2003, the empirical analyses of Korupp and Szyd-

lik (2005) indicate a positive impact of educational background and income on

home Internet use. They additionally show that being a young adult as well as

being male significantly increase the Internet use probability. The recent study

of Korupp, Künemund, and Schupp (2006) based on a special SOEP ICT survey

supports the positive impact of age and education on the probability of using

ICT.

The results of Jäckel, Lenz, and Zillien (2005) confirm the important role of edu-

cation analyzing German data for 2003. Besides individual characteristics they

consider the role of community size and analyze differences between German cities

and rural areas in accessing and using the Internet. However, in their multivariate

discriminant analysis the rural-urban impact on Internet use diminishes once

education is taken into account. Considering differences in the use of computers

and Internet between East and West German households Korupp and Szydlik

(2005) state that the unequal starting position is still detectable. However, they

find strong tendencies for a closing technology gap between the two parts of the

German country in recent years.

The role of regional factors on the probability of using ICT is researched more

intensely in non-German studies. They show, for example, that the attainable

benefits of using the Internet are determining regional Internet penetration rates.

As Sinai and Waldfogel (2004) state, the Internet may act as both, a substitute

and a complement for cities. The substitute function originates from individu-

als using the Internet to overcome local isolation regarding communication and

product availability. If that function prevails, Internet use should be higher in

rural areas. On the other hand, the Internet complements cities as it offers local

7Lenhart (2003) additionally states that there may be voluntary and involuntary patterns of
non-use. Some people choose not to use the Internet, others are faced with circumstances that
make Internet access difficult or unreachable. Thus, policies should be targeted at sub-groups
in order to motivate people to use the Internet or to remove other group-specific access barriers.
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websites containing local news and information. The amount of these sites grows

with size and population density of the region. Besides, local sellers may provide

special services or may offer additional products via the Internet. This is also

part of the complement function as the density of sellers is much higher in city

areas. Using data for the U.S., Sinai and Waldfogel (2004) conclude that both,

the substitute as well as the complement function are observable. The strength

of these functions varies between population groups.

Bell, Reddy, and Rainie (2004) state that although Internet penetration climbed

to 52 percent in rural areas in the U.S. in 2003, there still remains a gap of

about 10 percentage points between rural Internet penetration and the national

average. Also Mills and Whitacre (2003) find large differences in Internet use

between metropolitan and non-metropolitan areas using U.S. data. They test

the relative importance of household attributes versus region-based differences in

explaining the rural-urban digital divide. Their results suggest that nearly two

third of the divide can be explained by differences in household characteristics

like education (of household head) and income. One third stems from place-based

characteristics, especially from network externalities. Mills and Whitacre (2003)

show that positive externalities exist as a higher regional density of Internet use

significantly increases a household’s probability of using the Internet. Given the

importance of network externalities and differences in household characteristics

the authors state that policies that are targeted solely at creating infrastructure

and high-speed Internet access are not sufficient in order to close the digital gap.

The importance of network externalities in the diffusion of ICT is studied in

more detail by Goolsbee and Klenow (2002) focussing on the diffusion of home

computers in the U.S. They find that households living in regions with a higher

share of people that already own a computer are more likely to buy the first com-

puter even if various individual characteristics are considered. By carrying out

a multitude of tests Goolsbee and Klenow (2002) show that the strong network

effect is robust as it cannot be explained by common traits or common economic

environments.

This paper contributes to the empirical research on the various dimensions of

the digital divide. It studies the determinants of home Internet use in Germany

on the level of counties as well as on the level of individuals by merging two

large data sets. The regional determinants included in the estimation approaches
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are not limited to population density figures as they are in most of the other

studies but comprise many more characteristics, such as the regional shares of

youths, foreigners, and highly qualified employees. Below, the data are described

in detail.

3 Data

The empirical analyses of this paper are performed on the basis of two data sets:

the Socio-Economic Panel (SOEP) that provides detailed information on individ-

uals, and INKAR8 providing a wide range of official regional figures for Germany.

With the combined data set various individual socio-economic as well as region-

based characteristics can be considered in order to analyze the inequalities in

home Internet use between regions and individuals.

The SOEP is a representative longitudinal survey of private households collected

by the German Institute for Economic Research (DIW).9 Annually, since 1984,

the same individuals have been asked for the development of their living and work-

ing conditions. Since the German reunification in 1990, East German households

have been added to the survey. The 2001 SOEP wave covers more than 22,000

individuals aged 16 years or older. For the analyses of this paper the 2001 SOEP

wave is considered, as besides other socio-economic variables it provides informa-

tion on the individual’s computer and Internet use10. However, the SOEP data

contain hardly any regional information. Thus, a second data set is needed to fill

this gap.

The INKAR data are provided by the German Federal Office for Building and

Regional Planning11 and contain a wide range of regional figures, for instance

8INKAR denotes ‘Indikatoren und Karten zur Raumentwicklung’ (indicators and maps on
land development).

9See Haisken-DeNew and Frick (2003) for a detailed description of the SOEP.
10The related questions were: ‘Do you use a computer and the Internet for activities not

related to work? If so, since when?’ and ‘Do you use a computer and the Internet at work or
in your education? If so, since when?’. Questions regarding computer and Internet use are not
included in every SOEP wave.

11Bundesamt fuer Bauwesen und Raumordnung - BBR.
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regarding the structure of population, employment and industry, or levels of edu-

cation, production and wages.12 Thus, INKAR does not only allow the regions to

be classified as rural or non-rural, but provides a much more detailed description

of regions. The INKAR data are given on several regional levels. The county level

is the smallest and it is used in this paper’s analyses. As most variables are given

with a time lag of one to three years, INKAR data of 2002, 2003 and 2004 are

used. That provides the information for the year 2001 used on the regional level

or for the year 2000 used on the individual level.13 By merging the two data sets

regional information can be assigned to individuals. On the individual level of

the analyses, the regional information can therefore be treated as person-specific

determinants.

Germany consists of 440 counties. Seven of these counties cannot be considered

in the analyses as they do not match the SOEP data. Moreover, only counties

that contain 20 or more observed SOEP individuals are taken into consideration.

As the sample is additionally restricted to individuals with an age between 16

and 64 and to individuals who provide information regarding their Internet use,

312 counties and 16,662 individuals remain in the data set.

4 Hypotheses and Estimation Strategies

4.1 The regional level

The analyses of Internet use determinants are carried out on a regional as well as

on an individual level. At first, on the regional level, differences in the shares of

private Internet use between German counties are analyzed. The main research

questions are: What are the regional characteristics that determine the degree

of home Internet use in German counties? And, can population density explain

differences in Internet use between regions?

12INKAR does not include information on ICT use and access.
13Age structure figures and GDP per capita are only provided for the year 2000. As the

share of foreigners is given for 1999 and 2001 only, the figures for the year 2000 are taken
from an additional data set: ‘Statistik regional 2002’ provided by the Federal Statistical Office
Germany.
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The individual Internet use information given by the SOEP data has been ag-

gregated by county, providing the respective share of Internet users, which is the

outcome variable of the econometric model. One of the main regional explanatory

variables is a rural-urban indicator: the share of population living in communities

with less than 150 inhabitants per squared kilometer, the so called rusticity. It

serves to find the impact of population density on Internet use shares. In recent

papers it is often argued that technological differences, such as the availability

and the quality of Internet connectivity, are one of the main reasons for differ-

ences in Internet use rates between rural areas and cities. In Germany, like in

many other countries, especially the availability of broadband is much less preva-

lent or much more expensive in rural regions. However, at the beginning of the

analyzed year 2001, there was only the very small fraction of 4 percent of private

user households in Germany that used a broadband Internet connection (Infrat-

est, 2002). Thus, when explaining the underlying causes of the digital divide,

Internet infrastructure differences do not seem to be among the most important

factors a few years ago.

Other local characteristics, such as the attainable benefits of using the Internet

can determine regional Internet penetration rates. As Sinai and Waldfogel (2004)

state, the Internet may act as both a substitute and a complement for cities.

Depending on which function outweighs the other, the effect of population density

on Internet use rates is positive or negative.

Part of the rural-urban differences in Internet use caused by the Internet’s com-

plement or substitute properties could be explainable by other region-specific

characteristics, such as the regional size of minority groups like foreigners. Thus,

the hypothesis is that not population density itself is the crucial factor but the

regional size of specific population groups that have specific preferences regarding

communication and consumption. Therefore, the significance of rusticity is ex-

pected to decrease if additional regional factors are considered in the estimation

approach. Further variables that may have an impact on Internet use shares and

that are therefore added in a further specification are: the share of population

with an age between 18 and 29, the population shares of foreigners and women,

the share of one-person households on all households, the share of highly qualified
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employees on all employees in the county, the unemployment rate, and GDP per

capita.14

The local share of young people is expected to show a significantly positive impact

on regional Internet use rates, as today adolescents get in touch with ICT very

early by using it in school, in apprenticeship, or for communication as well as

playing activities among friends. They encourage using a computer and the

Internet within their families, therefore increasing the regional home Internet use

share.

Many studies find complementarities between skills and new technology use and

show that the educational level increases the probability of using a computer or

the Internet at work.15 An important reason is that as computers and the Inter-

net were introduced first in academic and research institutions highly educated

people got used to these new technologies earlier than others.16 Thus, by accu-

mulating ICT skills at work, highly qualified workers become also more likely to

use computers and the Internet at home. Assuming that they work and live in

the same county, a higher regional share of highly qualified employees is therefore

expected to lead to a higher regional share of home Internet use.

As the availability of time and money - two important requirements for using the

Internet - is often high in one-person households, a positive relationship with the

county-wide share of Internet use should be observable.

Unemployed people could highly benefit from using the Internet for their job

search activities. But many studies ascertain that they are less likely to own

a computer at home and to have access to the Internet, presumably because of

14While all determinants are taken for 2001 the regional share of young people with an age
between 18 and 29 years and per capita GDP are taken for the year 2000 due to data limitations.
Unfortunately, no data are available regarding the activities the Internet is used for or regarding
the amount of region-specific websites.

15For example, this result is obtained by Korupp et al. (2006) for Germany, by Borghans
and ter Weel (2002) using data of Germany, the UK, and the USA, and by Entorf, Gollac, and
Kramarz (1999) analyzing French data.

16The important role of universities in the process of Internet diffusion is analyzed by Goldfarb
(2006). He provides evidence that in the mid-1990s universities in the U.S. intensely taught
students how to use the Internet. “These students then brought the technology into their
homes...” (p. 203).
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higher financial restrictions. Thus, the share of home Internet users is expected

to be reduced by a higher local share of unemployed inhabitants.

Following the arguments of Sinai and Waldfogel (2004), foreigners tend to use

the Internet to overcome local isolation. In areas where many foreign individuals

live, face-to-face communication as well as the exchange of information is much

easier for them to perform. In addition, as the group of foreigners may have its

own preferences, its size determines the amount of preferred products available

on the local offline market. The smaller the local foreign minority group the less

foreign newspapers and shops exist, and the higher are the benefits of using the

Internet to get some information and to buy preferred products. Thus, the higher

the foreigners’ share the less the Internet is needed for online communication or

shopping activities. A negative impact of the population share of foreigners

should therefore be a further result of the estimations described below.

Resuming all these considerations, the hypotheses to be analyzed are: i) A higher

rusticity leads to a smaller regional share of home Internet users. ii) The impact of

rusticity declines when other regional characteristics are additionally considered.

iii) The share of young people, of one-person households and of highly qualified

employees have a positive impact on the regional Internet use shares. iv) A high

unemployment rate and a higher share of foreigners in a county lead to a smaller

share of Internet users.

On the regional level, the hypotheses are tested by using an OLS approach. The

analysis is carried out on county level and can be modelled as

Sr = α + β · rusticityr + γ · Cr + ur with r = 1 . . . k, (1)

where the dependent variable Sr is the population share of home Internet use in

county r in 2001. The coefficient β measures the impact of a region’s rusticity on

the share of Internet users, γ denotes a vector of coefficients measuring the sensi-

tivity of Internet use to various other county characteristics Cr, α is a constant,

and ur is the normally distributed error term.
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4.2 The individual level

On the individual level, differences in the probability of becoming a new Internet

user are analyzed. Besides several individual demographic and job-related char-

acteristics, regional determinants that characterize the individual’s home county

are taken into consideration. The main questions are: Do the regional factors

that are found to have an impact on the county-wide home Internet use also show

a relation to the individual’s probability of starting to use the Internet at home?

And if that is the case, is the impact still of significant size when additionally

considering individual characteristics? What is the role of network effects?

Contrary to the regional level, where differences in Internet use shares are ex-

plored, the focus here is on the individual decision of starting to use the Internet.

By exploiting the information on the duration of Internet use provided by the

SOEP data, ‘beginners’ are defined as those individuals who declared to use the

Internet at home since 2000 or 2001.17 The data show that 2,346 individuals are

new users, compared to 11,280 individuals who did not start using the Internet

so far. The remaining 3,036 individuals are those with more than one year usage

experience.

The determinants initially entering the estimation analysis on the individual level

are again population density figures. As the rusticity variable is not provided

for the year 2000, a county type variable is used: For the analyses the three

types of German counties provided by INKAR are defined as ‘urban’, ‘suburban’,

and ‘rural’.18 In a next step, the above-mentioned regional characteristics are

included. After this, individual characteristics, such as age, gender, educational

background, and occupational status, are additionally considered.

The positive impact of network effects as well as of possibilities of learning from

others on the adoption process of ICT is described by several authors. For exam-

ple, Goolsbee and Klenow (2002) analyze the importance of such local spillovers

in the diffusion process of computers in private households. They find that these

17The question concerning the duration of usage is addressed to users only. In order to
increase the number of new users in the data set, not only one but two years are taken into
account.

18For details, see Bundesamt für Bauwesen und Raumordnung BBR (2002).
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spillovers appear to come from experienced and intensive users. Also Mills and

Whitacre (2003) find a positive association between the regional share of house-

holds with Internet access and the individual household’s propensities to use the

Internet. These positive network effects arise when the individual’s benefits of

participating in a network increase with the size of the network. Regarding the

Internet these effects are obvious as a larger network increases the individual’s

communication possibilities (especially if family members or friends join the net-

work) as well as the content that is available online. Learning from others is

additionally important as experienced users can teach a hitherto non-user how

to use the Internet and for what it is useful. Therefore, in a further specification

of the analyses on the individual level, the effect of the regional share of experi-

enced users is studied. In the data set there are 3,036 experienced users, that is,

individuals who declared to use the Internet for more than one year.

The hypotheses analyzed on the individual level are: i) Individuals living in rural

areas are less likely to become a home Internet user than individuals in urban

areas. ii) The impact of regional characteristics resembles those that can be

found on the regional level. iii) The impact of regional determinants declines when

individual characteristics are additionally considered. iv) Young, male and highly

qualified individuals have a higher probability of starting home Internet use. v)

There is a positive network effect: In counties with high shares of experienced

Internet users non-using individuals have a higher probability of accessing the

Internet for the first time.

The impact of several individual and regional factors on the individual’s decision

of becoming a new Internet user is examined by including these variables in a

multivariate probit model of the form:

prob(Yi = 1) = F (α + β · countytyper + γ · Cr + δ · Xi

+λ · usersharer + εri) (2)

with r = 1 . . . k and i = 1 . . . n,

where Yi is the dependent variable indicating whether an individual i connects

to the Internet at home for the first time in the years 2000 or 2001 (Yi = 1) or

not (Yi = 0). The coefficient β describes the impact of the countytype of the

12



region r the individual lives in on the connecting decision. The coefficient vector

γ shows the effects of various county characteristics Cr, δ represents a vector

of coefficients regarding individual observables Xi.
19 The variable usershare

indicates the regional share of experienced Internet users, that is, individuals

who declared to use the Internet since 1999 or earlier. The usershare effect on

the probability of becoming a new user is measured by λ. The error term εri

covers individual and regional unobservable characteristics.

5 Empirical Results

5.1 The regional level

Table 3 in the Appendix shows the summary statistics of the characteristics of

the 312 analyzed German counties. On average, the county-wide share of home

Internet use is 32 percent. It is significantly higher in urban counties (34 percent)

than in rural regions (26 percent). Moreover, urban counties have significantly

higher shares of highly qualified employees, one-person households, and foreigners

as well as a higher GDP per capita.

The results of the OLS estimations of the share of home Internet use according

to equation (1) are depicted in Table 1. The first specification includes rusticity

as the only explanatory variable. It shows a negative bivariate correlation with

Internet use shares indicating that rural regions experienced a lower Internet

penetration compared to city regions. Thus, without considering further deter-

minants, the Internet’s complementary function with respect to cities seems to

outweigh the substitute function.

As expected, the impact of rusticity declines when including further regional char-

acteristics in the estimation approach, although it remains statistically significant

on the 10 percent level (see specification (2)). The results show a significantly

positive effect of the share of highly qualified employees on the regional share of

19As in the SOEP the Internet use question was asked in 2001, data on individual character-
istics are all taken from this SOEP wave. Regional characteristics included in the estimations
are of the year 2000.
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home Internet use. An increase of the share of highly qualified by one percentage

point increases the rate of home Internet use by about 0.8 percentage points.

That finding supports the hypothesis that human capital is an important factor

for the technological diffusion process. The regional rates of Internet use are also

positively affected by the share of one-person households. This is not surprising

as the availability of time and money - two important requirements for using the

Internet - is often relatively high in one-person households. An increase in the

share of one-person households by one percentage point leads to an increase of

the Internet use rate by 0.38 percentage points.

The youths share does not show any significant effect. Thus, the data for German

counties do not support the hypothesis that young people induce their families to

use new technologies, although adolescents are very likely to use ICT (see Section

5.2).

The regional unemployment rate as well as the share of foreign population show

a significantly negative correlation with Internet use penetration, therefore sup-

porting the hypotheses. Although unemployed people could highly benefit from

using the Internet for their job search activities, they are less likely to own a

computer at home and to have access to the Internet, presumably for financial

reasons. The negative impact of the population share of foreigners could be the

result of a strong Internet substitute function regarding communication, infor-

mation, and shopping activities of local minorities, as described above. The less

foreigners live in a region the more the Internet is needed to compensate for short-

comings in communication and information possibilities in the county. Another

explanation could be that foreigners living in Germany tend to be less wealthy

than Germans. A higher local share of foreigners may therefore result in lower

local rates of Internet usage.

As mentioned above, the rusticity effect remains statistically significant, even

after considering various county-specific characteristics. Internet infrastructure

differences are assumed not to be a crucial factor when explaining the divide in

private Internet use rates between rural and urban regions in 2001 (see Section

1). However, the regional divide may be driven, for example, by differences in

the regional retail market structure, which unfortunately cannot be observed. As

using the Internet requires owning a computer and technical accessories the avail-

ability of computer retailers can affect the regional rate of Internet diffusion and
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vice versa: More Internet users increase the demand for IT equipment, leading

to an increasing number of computer retail stores, which itself can attract new

Internet adopters.

Table 1: Determinants of home Internet diffusion at county level in 2001

dependent variable: population share of home Internet use

regional characteristics (1) (2)

rusticityi -.139 (.028)*** -.082 (.043)*

share of highly qualified employees .798 (.297)***

share of one-person households .384 (.154)**

share of population aged betw. 18 and 29ii -.641 (.689)

unemployment rate -.809 (.171)***

share of foreign population -.512 (.253)**

share of female population -1.358 (1.427)

per capita GDPii -.000 (.001)

constant .349 (.010)*** 1.054 (.733)

adjusted R2 .070 .139

number of observations 312 312

Notes: OLS estimation. ***, **, * depict significance at the 1%, 5% and 10% level.

Standard errors in parentheses.
i) Share of population in communities with a population density of less than 150

inhabitants per square kilometer.
ii) Figures for the year 2000. All others are for 2001.

Source: Author’s calculations based on SOEP 2001, INKAR 2002, 2003 and 2004.

5.2 The individual level

Table 4 in the Appendix depicts average individual characteristics of new Internet

users, non users, and experienced users. It shows that compared to non-users,

new users are significantly younger, better educated, and richer. In addition,

new users are significantly more likely to work in a full-time job as well as to be

male, single, and German. Similarly, compared to new users, those individuals

who already use the Internet for more than one year are better educated, richer,

and more likely to work in a full-time job as well as to be male, and single.

As can be seen in Table 6 in the Appendix, in rural regions there is a higher

share of individuals not using the Internet compared to urban areas. The share
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of experienced users is higher in urban areas. Taking only the hitherto non-

using population into consideration it turns out that the share of new users is

significantly higher in urban areas (see Table 7). On average, a share of 15 percent

of hitherto non-users in rural counties starts using the Internet in the years 2000

or 2001, in urban counties the share is 18 percent.

A multivariate probit model (see equation 2) is used to find out whether regional

and individual characteristics have a statistically significant impact on the indi-

vidual’s probability of becoming a new Internet user. The results are depicted in

Table 2.20 The first specification examines how the county type affects the ten-

dency to connect to the Internet without considering further control variables.

As described by Sinai and Waldfogel (2004), such population density figures can

be interpreted as a measure of local offline product variety and information avail-

ability.21 Thus, they are useful for analyzing the substitute and complement

functions of the Internet. The results show that compared to city regions, indi-

viduals living in rural areas show a significantly lower probability of becoming a

new user. Similar to the results on the regional level, this denotes a predominant

complementarity of the Internet to cities, caused for example by the number of

websites offering local information. In order to find out, whether this is an effect

of population density itself or whether other determinants are able to explain

that relationship, several regional and individual factors are included in further

specifications. As can be seen by the results of specification (2) in Table 2, the

county type effect does not remain significantly different from zero when includ-

ing further regional determinants. Among these additional variables, only two

show significant results: The share of one-person households positively affects the

usage probability of hitherto non-users, the unemployment rate has a negative

effect. These results were also found on the regional level, where Internet use

shares by county were analyzed. The share of foreigners as well as the share of

highly qualified employees, which had a significant impact on Internet use rates

on county level, do not have coefficients significantly different from zero on the

20All of the standard errors of regional determinants are corrected for the fact that they do
not vary between individuals living in the same county.

21The higher the local population density the more products and information are available
offline, therefore reducing the incentives to use the Internet. On the other hand, a higher
population density may increase the amount of local websites offering regional information,
therefore increasing incentives of using the Internet.
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individual level. Also the share of young people, which was anticipated to have a

positive impact on the probability of becoming an Internet user, does not show a

significant effect. Thus, comparable to the results on the regional level, the data

again do not support the hypothesis that young people who are assumed to get in

touch with computers very early do measurably act as an Internet use promoter.

It is interesting to see that the regional share of one-person households as well

as the unemployment rate remain of importance when individual characteristics

are additionally considered (see specification (3) in Table 2). The effects of the

individual characteristics largely show the expected signs: The probability to

connect to the Internet for the first time decreases with age but increases with

the level of education as well as with the level of household income. Males are

more likely to connect to the Internet than females, German individuals are more

likely to become a new user than foreigners. In addition, part-time employees have

a higher probability of using the Internet at home than individuals working full-

time. This may be an effect of the additional time that is available at home when

individuals are working part-time. Individuals that are retired have a significantly

smaller probability of accessing the Internet at home than those working full-time,

a result that is found in many other studies, too. Surprisingly, having children

as well as being single does not affect the individual probability of becoming

a new Internet user. However, as the bivariate effects between having children

respectively being single and using the Internet are significantly positive, this

could be the result of the large number of other explaining variables. The results

indicate, that individual characteristics are more important than regional factors

when explaining the individual decision of becoming a new Internet user.

In order to examine the regional network effect, specification (4) additionally

includes the county share of experienced Internet users (usershare) using the

Internet for at least one year. The results support the hypothesis that the proba-

bility of becoming an Internet user increases with the size of the regional network

even after considering various individual and county characteristics. On average,

an increase in the usershare by 10 percentage points increases the probability of

accessing the Internet by 1.5 percentage points. Thus, the size of the network

effect is much smaller than the effect found by Goolsbee and Klenow (2002) when

analyzing the diffusion of home computers in the U.S. They do not consider the

range of regional characteristics included here, but even excluding those deter-
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minants from the model does not change the results very much. The increase in

the probability of using the Internet then amounts to 2.1 percentage points (not

depicted in the table).

As the usershare effect remains significant even after considering the regional

youths share and the share of highly qualified employees, the network effect seems

to go beyond learning spillovers provoked by these groups. However, family mem-

bers and friends who live in the same county and who already use the Internet

are reasonable causes of the usershare effect. Moreover, it would be interesting

to consider differences in ICT prices or in the structure of the ICT retail mar-

ket between counties as this can additionally cause the differences in the usage

probability detected by the usershare effect. Unfortunately, this information is

not provided in the data set.

Besides the usershare effect, the share of one-person households is the only re-

gional variable that remains with a significant impact on the probability of ac-

cessing the Internet for the first time. The underlying causes of this effect have

to be further explored.
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Table 2: Determinants of starting home Internet use in 2000 or 2001

dependent variable: probability of starting home Internet use

variable (reference group) (1) (2) (3) (4)

regional characteristics

county type (ref.: urban)

rural -.024 (.012)* -.023 (.015) -.023 (.014) -.018 (.014)

suburban -.003 (.011) -.008 (.012) -.013 (.011) -.009 (.012)

share of one-person households .260 (.121)** .335 (.104)*** .286 (.107)***

unemployment rate -.386 (.131)*** -.221 (.120)* -.148 (.115)

share of foreign population -.322 (.196) -.220 (.176) -.196 (.170)

share of highly qualified employees .237 (.200) .260 (.202) .160 (.197)

share of population aged

between 18 and 29 .629 (.503) -.160 (.502) -.072 (.517)

share of female population -.544 (1.013) -1.026 (.979) -.916 (.964)

per capita GDP -.001 (.001) -.001 (.001) -.001 (.001)

usersharei .152 (.058)***

individual characteristics

age in years (ref.: age less than 25)

25-34 .055 (.015)*** .055 (.015)***

35-44 -.040 (.010)*** -.040 (.010)***

45-54 -.091 (.010)*** -.091 (.010)***

55-64 -.144 (.009)*** -.145 (.009)***

male .043 (.007)*** .044 (.007)***

single -.015 (.011) -.015 (.011)

children at home -.004 (.010) -.004 (.010)

German nationality (ref: foreigner) .096 (.010)*** .095 (.010)***

education (ref.: university degree)

lower secondary education or less -.127 (.011)*** -.126 (.011)***

other vocational education -.094 (.016)*** -.094 (.016)***

apprenticeship -.122 (.013)*** -.122 (.013)***

special. vocational school -.086 (.011)*** -.084 (.011)***

technical school -.071 (.015)*** -.070 (.015)***

civil servant school -.060 (.019)*** -.062 (.018)***

polytechnical or college abroadii -.053 (.012)*** -.052 (.012)***

occup. status (ref.: employed full-time)

employed part-time .032 (.012)*** .032 (.011)***

apprentice -.011 (.017) -.010 (.017)

not employed -.000 (.009) -.000 (.009)

retired -.050 (.014)*** -.050 (.013)***

log net income of household .100 (.010)*** .099 (.010)***

pseudo-R2 .001 .003 .094 .096

number of observations 13.626 13.626 12.482 12.482

Notes: Probit estimation, marginal effects, robust standard errors (clustered at regional level). Regional figures are for

the year 2000, individual characteristics for 2001. ***, **, * depict significance at the 1%, 5% and 10% level. Standard

errors in parentheses.
i) Share of Internet users with more than one year usage experience by county.
ii) College abroad: In the data it is not clear what kind of degree is meant.

Source: Author’s calculations based on SOEP 2001, INKAR 2002 and 2003, Statistik regional 2002.



6 Concluding Remarks

Although in Germany the Internet spread rapidly in recent years, there are still

large differences in accessing the Internet between population groups. This so

called ‘digital divide’ has many dimensions. Besides differences caused by indi-

vidual characteristics such as age, educational background, and income, there is

also a regional gap in ICT use: Rural regions possess smaller Internet use rates

than cities. In order to reduce the existing divides it is crucial to know what

the driving forces are behind that development. The attempt of this paper is

to analyze descriptively as well as econometrically the relationship between re-

gional characteristics and home Internet use. The empirical work is performed

on county level and based on the SOEP data in conjunction with INKAR data.

At first, the analyses are performed on the regional level, thus investigating the

relationship between regional characteristics and the regional Internet use rate

in 2001, including 312 counties. In a next step, home Internet use is studied

on the individual level. It shows the impact of regional as well as of individual

characteristics on the individual probability of becoming a new Internet user in

the years 2000 or 2001, by analyzing data of more than 13,600 individuals.

On the regional level, the results of the multivariate analyses support the hypoth-

esis that a higher rusticity is related to a lower Internet use rate. Besides, they

identify several county characteristics that are correlated with home Internet use

rates. As expected, the share of one-person households as well as the share of

highly qualified employees have a positive impact on regional Internet use pen-

etration. The hypothesis that a higher regional share of young people increases

Internet diffusion has to be rejected as no significant effect was found.

Unemployed people can notably benefit from using the Internet with respect

to their job search activities. However, many studies show that they have less

Internet access than others. This finding is supported by the regional level results

of this paper where regions with a higher unemployment rate have a smaller

Internet use share. Also the share of foreign population shows a negative impact

on the diffusion of Internet use at home. A possible explanation is that the

more foreigners live in a region the more offline communication and shopping

possibilities exist for them. Thus, the Internet is less needed to overcome local

isolation.
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Although shrinking a bit the rusticity effect remains statistically significant after

including several regional characteristics. The effect therefore captures differ-

ences between rural and urban areas that are not explainable by the included

characteristics. Two of these unobserved characteristics are, for example, the re-

gional price and retail market structure. As using the Internet requires owning a

computer and technical accessories, prices of ICT goods as well as the availability

of ICT retailers can affect the regional rate of Internet diffusion and vice versa.

On the individual level, where the probability of using the Internet at home is

analyzed, regional characteristics show much less influence than on the regional

level. After including various individual characteristics only the share of one-

person households remains significant. In addition, there is a positive network

effect observable, as a larger share of experienced users increases the individual

probability of becoming a new Internet user. This can be the result of a pure

local network effect, because communication possibilities and online content in-

crease with network size, making the Internet more useful. It can additionally be

the result of learning from others as experienced users can teach hitherto non-

users how to use the Internet and for what it is useful. Another factor could be

the regional retail structure again, as a higher user share increases the benefits

for computer retailers to settle in this region, therefore making it easier to get

the required equipment for using the Internet also for new users. The specific

properties of the network effect should be followed up by further research.

Nearly all of the considered individual characteristics have a significant impact

on the individual usage probability and show the expected signs: The probability

of becoming a new Internet user decreases with age but increases with the level

of education as well as with the level of household income. Males are more likely

to connect than females, German individuals are more likely to become a new

user than foreigners. Part-time employees have a higher probability of using the

Internet at home than individuals working full-time, and individuals that are

retired have a significantly smaller probability of accessing the Internet at home

than those working full-time.

Thus, it is not the fact that individuals live in a rural region that reduces their

probability of becoming an Internet user. The results rather indicate that it is the

different composition of the population between rural and urban areas that causes

the regional digital divide. Therefore, it can be concluded that policies targeted at
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decreasing the digital divide should primarily provide programs which encourage

the Internet literacy of less qualified, unemployed, and older individuals. In

addition, experienced users should be involved in order to motivate non-users by

teaching them how to use the Internet and by showing them its usefulness.
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Appendix

Table 3: Regional characteristics of German counties, 2001

regional variable total rural suburban urban

share of Internet users 0.32 0.26*** 0.31 0.34

rusticityi 0.24 0.55*** 0.25*** 0.12

share of highly qualified employees 0.07 0.05*** 0.07*** 0.09

share of one-person households 0.34 0.30*** 0.33 0.35

share of population aged between 18 and 29 0.14 0.14 0.14*** 0.14

unemployment rate 0.11 0.11 0.11 0.10

share of foreign population 0.07 0.04*** 0.06*** 0.10

share of female population 0.51 0.51** 0.51 0.51

per capita GDP (in 1,000 Euro) 22.20 17.92*** 21.31*** 24.83

number of counties 312 49 137 126

Notes: Mean values of regional figures for the year 2001.

***, ** indicate that means are significantly different from urban means at the 1% and 5% level.
i) Share of population in communities with a population density of less than 150 inhabitants per square

kilometer.

Source: Author’s calculations based on SOEP 2001, INKAR 2002 and 2003, Statistik regional 2002.
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Table 4: Characteristics of new Internet users, non-users, and experi-

enced usersi, 2001

individual variable new users non-users experienced

users

number of individuals 2,346 11,280 3,036

age in years 36.8*** 42.6 36.7

male 0.51*** 0.45 0.62***

single 0.27*** 0.20 0.34***

young children at home 0.47*** 0.38 0.42***

German nationality 0.94*** 0.87 0.95

education

number of individualsii 2,293 11,028 2,973

lower secondary education or less 0.22*** 0.26 0.20

other vocational education 0.01 0.02 0.01

apprenticeship 0.35*** 0.42 0.29***

specialized vocational school 0.11 0.11 0.08***

technical school 0.06** 0.05 0.07

civil servant school 0.03*** 0.02 0.03

polytechnical or college abroadiii 0.11*** 0.08 0.12*

university 0.13*** 0.05 0.20***

occupational status

number of individualsii 2,299 11,159 2,984

employed full-time 0.54*** 0.46 0.61***

employed part-time 0.17*** 0.15 0.14***

apprentice 0.05*** 0.04 0.04***

not employed 0.21*** 0.25 0.20

retired 0.03*** 0.11 0.02***

income of household (in 1,000 Euro) 5.44*** 4.44 5.87***

Notes: Mean values of individual characteristics for 2001.

***, ** indicate that means are significantly different at the 1% and 5% level: means of new

users are compared with those of non-users, means of experienced users are compared with

those of new users.
i) Experienced Internet users are those with more than one year usage experience.
ii) Differences in the number of observations originate from missing values in the data set.
iii) College abroad: In the data it is not clear what kind of degree is meant.

Example: In 2001, the share of singles among the new users is 27 percent, among the non-

users the single share is 20 percent.

Source: Author’s calculations based on SOEP 2001.
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Table 5: Share of new Internet users, non-users, and experienced users

by socio-demographic characteristicsi, 2001

individual variable number of new users non-users experienced

observations users

age1 2,397 0.20 0.59 0.21

age2 3,340 0.16 0.58 0.26

age3 4,351 0.16 0.63 0.21

age4 3,428 0.13 0.72 0.16

age5 3,146 0.06 0.87 0.07

male 8,153 0.15 0.62 0.23

single 3,931 0.16 0.58 0.26

young children at home 6,681 0.16 0.64 0.19

German nationality 14,895 0.15 0.66 0.19

education

lower secondary education or less 3,945 0.13 0.72 0.15

other vocational education 265 0.11 0.74 0.15

apprenticeship 6,274 0.13 0.74 0.14

specialized vocational school 1,666 0.15 0.7 0.14

technical school 834 0.15 0.61 0.24

civil servant school 314 0.18 0.59 0.23

polytechnical or college abroadii 1,512 0.60 0.16 0.24

university 1,484 0.20 0.40 0.40

occupational status

employed full-time 8,179 0.15 0.63 0.22

employed part-time 2,416 0.16 0.67 0.17

apprentice 669 0.18 0.66 0.16

not employed 3,853 0.13 0.72 0.16

retired 1,325 0.04 0.92 0.03

Notes: Mean values of Internet use characteristics by individual attributes for 2001.
i) Experienced Internet users are those with more than one year usage experience.
ii) College abroad: In the data it is not clear what kind of degree is meant.

Example: In 2001, 16 percent of the singles are new Internet users, 58 percent are non-users, and 26

percent experienced users.

Source: Author’s calculations based on SOEP 2001.
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Table 6: Characteristics of rural and urban regions, 2000

regional variable total rural urban

new usersi 0.14 0.13*** 0.14

non-users 0.69 0.74*** 0.66

experienced usersii 0.17 0.13*** 0.20

share of highly qualified employees 0.07 0.05*** 0.08

share of one-person households 0.33 0.30*** 0.35

share of population aged between 18 and 29 0.14 0.14** 0.14

unemployment rate 0.12 0.13*** 0.10

share of foreign population 0.07 0.04*** 0.10

share of female population 0.51 0.51*** 0.51

per capita GDP (in 1,000 Euro) 22.20 17.93*** 24.83

number of individuals 16,661 1,839 9,036

number of counties 312 49 170

Notes: Mean values of regional figures for the year 2000, calculated by individuals.

***, ** indicate that rural means are significantly different from urban means at the 1% and 5%

level.
i) Population share of Internet users who start usage in 2000 or 2001, by county.
ii) Population share of Internet users with more than one year usage experience by county.

Source: Author’s calculations based on SOEP 2001, INKAR 2002 and 2003, Statistik regional 2002.

Table 7: Share of new users and non-users on hitherto non-users

regional variable total rural urban

new usersi 0.17 0.15*** 0.18

non-users 0.83 0.85*** 0.82

number of individuals 13,626 1,603 7,173

number of counties 312 49 170

Notes: Mean values of regional figures for the year 2000, calculated by individuals.

*** indicate that rural means are significantly different from urban means at the 1% level.
i) Share of those who become new users in 2000 or 2001 on hitherto non-users.

Source: Author’s calculations based on SOEP 2001, INKAR 2002 and 2003.
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