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Abstract
Information technology, like the telephone, inﬂuences market access; this
paper answers the question about a reverse eﬀect, does market access aﬀect
information technology, in particular its adoption? Using the introduction
of the telephone in Bavaria, I demonstrate with a rank, order and stock
eﬀects diﬀusion model how market access aﬀects the diﬀusion of local telephone exchanges over towns as well as the rate of adoption of telephone
lines within towns. The results of a duration analysis show that market access speeds up the diﬀusion, a spatial correlation speciﬁcation demonstrates
that this is not just a geographic eﬀect. The rate of adoption within towns
is also aﬀected by the adoption of lines in other towns, the results indicate that about 4% of all lines are due to the ability to call outside your
local exchange network. Market access is therefore shown to impact the
adoption of technology.
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1. Introduction
The telephone, like the Internet today and the telegraph before it, was
at the center of a revolution in information technology. This technological
progress has had an impact on the location of economic activity, for example through its impact on information exchange, the allocation of capital
and the monitoring of investments and labor. Through the introduction of
a truly interactive communication possibility it strongly reduced costs for
transactions between spatially distinct locations. This implies that technological progress in information technology had (and still has) a positive
impact on market access, since spatial transactions costs were (and still
are) one of its central components. If this technology has a positive economic eﬀect this might have ramiﬁcations for the adoption of technology.
This paper looks therefore at the reverse eﬀect and investigates whether
market access has an impact on the diﬀusion of information technology. In
particular I look at the spatial pattern of diﬀusion, which thereby provides
an answer to the general question whether agglomeration eﬀects are self
reinforcing through impacting transaction cost technology adoption ?
The diﬀusion of information technology is usually investigated either
on a macro level, for example the initial adoption and penetration in different countries, or on a micro level, for example the adoption decisions
of individual households or ﬁrms.2 The impact of market access is often
investigated on a level in between the two, focusing on towns and regions.3
To investigate the impact I am extending the literature on technology diﬀusion by focusing on the spread and adoption of the telephone in towns and
the role market access plays in this diﬀusion. This analysis is conducted
in two steps, ﬁrst the establishment of local networks in towns, which enables private phone lines, is investigated, followed by a determination of
the factors underlying the adoption of phone lines within these local town
networks.
The importance of market access is strongly connected to the existence
and utilization of increasing returns, which require access to markets for
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the acquisition of inputs and the sale of outputs. Required for said market access is knowledge about these markets and therefore the acquisition
of relevant market conditions. Technological progress in information technology improves therefore the integration between markets. It also aﬀects
the allocation of resources through easier monitoring, which allows the extension of business operations. Chandler (1977) provides a prime example
with the analysis of the importance of the telegraph for the rise of large corporations in the United States. This illustrates that technological progress
in information technology reduces spatial transaction costs, not necessary
in monetary terms but also by speeding up the exchange of information.
The telephone did this predominantly through allowing direct interaction
and instant communication, leading to a further increase in transaction
speed over the telegraph. When spatial transaction costs decrease, the
market access for particular locations increases and agglomeration forces
strengthen.
If the diﬀusion of new information technology leads to a strengthening
of agglomeration eﬀects, and has therefore a positive eﬀect on welfare, the
question arises whether the spread of technological progress is shaped by
existing agglomeration patterns. The focus here is on the impact of market
access on the diﬀusion of new inventions rather than the invention itself. In
particular I test two hypotheses about the diﬀusion pattern, ﬁrst did towns
with a larger local market as well as market access in other towns adopt
the telephone faster, and second, did towns with a larger market access,
i.e. more distance-weighted connections in other towns, see a faster rate of
adoption of telephone lines.
I incorporate market access formally into the analysis by including
them as explanatory eﬀects within the rank, stock and order eﬀects diffusion framework developed by Karshenas and Stoneman (1993). In such a
framework rank eﬀects are town characteristics that inﬂuence the adoption
without taking the decision of other towns into account. General market
access based on population rather than existing telephone exchanges represents such an eﬀect. Stock eﬀects take the already existing adoption in
other towns into account, market access calculated based on the adoption
and penetration of this technology in other towns is an example. Order
eﬀects shape the diﬀusion process by taking the whole diﬀusion pattern
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into account. Other institutional, geographic, economic and political town
characteristics are also characterized in these eﬀects categories and included
to control for their inﬂuence on the diﬀusion and adoption processes.
Empirically this is tested with a study of the telephone diﬀusion in
Bavaria. Munich, its capital, installed a local network exchange, the prerequisite for public use and private phone lines, in 1883. Over the next
two decades the postal authority installed more than three hundred local
exchanges in towns all over the state. Bavaria created a uniﬁed, statewide
network relative soon after the initial installation, connecting all local and
regional networks within a decade (Bennett, 1895). Detailed information
about the diﬀusion and adoption process in those two decades is combined
with extensive information about the towns for the empirical analysis.
The historical setting and the technological diﬀusion of the telephone
in the larger historical context are introduced in the next section leading
into an explanation of the diﬀusion framework. After detailing the data
the analysis begins with introducing the applied methodology. The ﬁrst
question about the diﬀusion over towns is answered with a duration model
for the time frame 1883 until 1905, including time-varying covariates or
spatial duration dependence. The second question utilizes a spatial autoregressive speciﬁcation for cross-sectional data from the years 1896, 1900
and 1905. This is followed by a discussion about the quantiﬁcation of the
impact, market access is shown to have speed up diﬀusion over towns by
about 3.5% while 4% of all lines in 1905 are due to the possibility to call
subscribers in other towns.
2. Setting
2.1. Telephone
The telephone was the third revolutionary change in communication services during the 19th century. After the spread of the public mail system
under the idea of universal access and the spread of electric communication technology through the introduction of the electric telegraph system
the telephone represented another signiﬁcant technological advance . Technological breakthroughs in 1876 allowed the commercialization of the idea
of the telephone and by early 1878 the ﬁrst public exchange was opened,
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which moved the technology beyond internal, private networks. The initial
networks were pure hub and spoke systems, where an individual subscriber
had to contact the central network exchange which then connected him to
the desired recipient of the call. This system was then extended to allow for
an additional connection between the network exchange of the call initiator
and the exchange the call recipient was connected to (Kingsbury, 1915)
Countries all over the world started immediately to adopt this new
communication method, London opened the ﬁrst public exchange in Europe
in 1878, Paris followed in 1879, and Berlin saw the establishment in 1881
(Bennett, 1895; Hesse, 2002). Although the American companies set up
European subsidiaries to install public networks, some of the states refused
to grant them the necessary permissions and gave their postal authorities a
monopoly. This was also based on the initial perception, that the telephone
was a technology to be used in combination with the telegraph rather than
as an independent system (Wallsten, 2005).
2.2. Bavaria
Bavaria was one of the states that granted a monopoly for its public
postal authority. It was a German state that had controlled its core territory for centuries and expanded to its contemporary borders in 1815. As a
member of the Deutsche Bund, the political institution of German states,
and the Zollverein, the customs union between a group of German States,
it had close political and economic connections to its neighbouring states
already prior to the founding of the empire in 1871. The state still had
large rural areas, but a number of urban centers were strongly industrializing in the second half of the 19th century (von Waltershausen, 1920).
When Bavaria surrendered its independence and agreed to join the new
German Empire in 1871, it insisted on a number of rights to preserve a
certain degree of autonomy within the new political structure. One of the
most visible signs of this autonomy was the independent Postal service.
While the services of the other states were merged to form the new Imperial Postal system the Bavarian Postal authority, as well as that of its
neighbour Wuerttemberg, retained full autonomy (Bennett, 1895). This
independence also included the telegraph. The services did cooperate very
closely, one example was the German participation in the Universal Postal
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Union, which was handled by the Imperial Service. This was a continuation of a close formal cooperation already existing prior to the empire, most
notably in the German Postal Union as well as the Telegraph Union, both
established by 1850 (von Waltershausen, 1920). These had created a single
postal area in Germany and coordinated the telegraph systems. As mentioned above, in Central Europe most telephone systems were introduced
through the postal services, the emerging Bavarian telephone network was
no exception.
In the case of network exchanges, the ﬁnal decision whether a local
network would be established in a particular town, was actually made by
the Bavarian state government. The full process nevertheless did start
in the towns itself. If there was noticeable demand for private telephone
lives in a town, the local municipality had the option to submit a petition to the Bavarian Postal authority. Such a petition had to include the
names and expected expenditure on the service of potential subscribers in
that location. The authority collected the petitions and submitted them
with a rough cost estimate to the government. Since the establishment
of these exchanges was a major capital expense, the government had to
submit a budget request to the parliament before it could authorize the
postal authority to establish these networks. Parliamentary debates show
that members of parliament were actively lobbying the government and the
authority for priority treatment of locations in their constituencies. Once
the government had received budgetary approval4 , the postal authority was
tasked to create the exchanges (Thiel, 1983). Since the decision and the
procurement process for technology was centralized it allows to focus the
analysis on demand factors and remove the supply side of technology from
consideration in this study.
The early adopters within towns were usually businesses, private households only rarely subscribed for a line. This is clearly visible in early
phone books which indicate the nature of the business of each subscriber
(Königlich Bayerische Posten und Telegraphen, 1905). A quantitative conﬁrmation is provided by Günther (1910), who lists categories of subscribers
4
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for the German town of Halle5 and shows a rate of purely private lines of
0.3%. However a number of business customers might have used their lines
for private calls, especially if the business premises and private rooms were
in the same building.
2.3. International diﬀusion
The introduction of a publicly accessible telephone network in Bavaria
within a year of a similar start in the German empire implies that Bavaria
was not leading technology adoption in Europe, but was also clearly not
lagging far behind. A similar picture emerges for the rate of penetration.
Figure 1 shows the number of phones per capita across a range of European
countries for the years 1896, 1900 and 1906, again Bavaria was not leading the pack but was doing comparatively well. Clearly leading the phone
adoption in Europe and worldwide were the Scandinavian countries, which
saw substantially higher adoption than other European states. Bavaria
trailed them together with the rest of the German Empire, Luxembourg
and the United Kingdom. However the adoption rates in other rich European nations like France and the Netherlands did lag signiﬁcantly behind
Bavaria, while the southern and eastern periphery followed with a even
more substantial distance.
Some of the reasons why Bavarians adopted relatively fast in comparison
to other European states were the relatively low tariﬀs and fees as well as
the monopoly regulation, which may have hindered adoption compared to
countries with competitive markets but was more beneﬁcial than strongly
regulated private provision (Wallsten, 2005; Bennett, 1895; Günther, 1910).
3. Diﬀusion Framework
The analysis of diﬀusion processes usually focuses on the initial adoption and rate of adoption on a country or state level (Rogers, 1995). Alternatively, the diﬀusion is also analyzed with a focus on the decision of
individual economic units, usually ﬁrms or households. Wallsten (2005)
and Rammert (1990) examples for the ﬁrst, Scott (2011) for the later.
These two types neglect one important level, namely the spatial diﬀusion
5
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within a country. These internal, spatial characteristics of the diﬀusion
process have implications for the speed of diﬀusion within the country as
a whole and allow to investigate whether and why certain characteristics,
for example market access, matter.
3.1. Technology diﬀusion
Figure 2 shows a map of all local exchanges established by 1905, while
ﬁgure 3 presents the cumulative number of local exchanges over time, the
pattern clearly showing the usual pattern of a logistic curve. Figure 4 shows
the penetration rates in all towns in 1896, 1900 and 1905 plotted against
the time phone service had been available in each case. The plot does show
a slight upward trend but no clear pattern emerges. This is likely due to the
longer time frame of diﬀusion in this case, the adoption rate will increase for
more than half a century after the end of period under study, observations
are likely therefore from the initial stage of the S-shaped pattern (Scott,
2011). One of the major approaches to explain diﬀusion patterns, and
in particular the observed logistic curve, is the model by Karshenas and
Stoneman (1993) which classiﬁes explanatory eﬀects into three diﬀerent
categories, namely rank, stock and order eﬀects.
The ﬁrst category, rank eﬀects, contains town characteristics that inﬂuence the the adoption without taking the adoption status of other towns
into account. The adoption status is made only with reference to particular
town characteristics. An example is an adoption mechanism such that all
towns with a size larger than a particular threshold receive an exchange.
Towns grow over time, so more and more will cross the threshold over
time. Depending on the underlying distribution of the characteristics this
can explain the observed diﬀusion pattern.
The second category contains stock eﬀects, which take the already existing adoption decisions about other towns into account. An example is an
adoption mechanism that triggers an adoption when another town within a
particular geographic distance has made a positive adoption decision. This
behavior resembles an epidemic diﬀusion, though the particular transmission mechanism is strongly dependent on particular town characteristics.
The ﬁnal category, order eﬀects, describes eﬀects which shape the diﬀusion process by taking the whole diﬀusion pattern into account. An example
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is an adoption mechanism based on the political orientation of a town. If
the adoption simply follows the rank ordering of the election vote shares of
a particular party, than the absolute share of the votes do not matter, only
where the town is in relationship to all other towns in the distribution.
The model is often applied to technology adoption for ﬁrms, however it
is easy to adopt for the purpose here by substituting towns for ﬁrms. The
existence of the two levels of diﬀusion, network exchanges and phone lines,
can then be interpreted analogous to inter-ﬁrm and intra-ﬁrm diﬀusion
(Galliano and Roux, 2008).
The existence of a monopoly provider with standardized procedures
also implies that the process for potential subscribers to acquire a line
is identical for all local networks. This implies that the supply side of
the market in both cases, the adoption of local exchanges in towns and
the adoption of phone lines within networks, is identical for all potential
participants. This implies that there are no concerns about diﬀerential
supply conditions aﬀecting the adoption patterns.
The practical application of the framework will be detailed in the following section, which introduces the data used in the empirical analysis
and classiﬁes the associated eﬀects according to this framework.
4. Data
The empirical use of this framework requires data about the diﬀusion
processes, in particular the date of establishment of local exchange networks
in towns as well as the number of lines within towns. Furthermore factors,
categorized into the rank, stock and order framework, that inﬂuence the
establishment and uptake of the telephone are included.
4.1. Outcome Data
The establishment of a new local exchange, which is the condition for
the installation of private lines, is measured by the date of its oﬃcial data
of commissioning into service. Although this doesn’t precisely follow the
timing of the adoption decision by the central authority, for example due
to geographic conditions local networks might have had diﬀerent construction spans, the main point in time when the telephone begins to have an
eﬀect is obviously the date at which phone calls could actually be made
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throughout the local network. The postal authority in its annual reports
list the opening days of new exchanges, which provides the data for 306
exchanges opened in towns between 1882 and the end of 1905 (Königlich
Bayerische Post- und Telegraphenverwaltung, 1905).
The adoption within towns is measured by the number of phone lines.
A number of the annual reports list the number of phone lines for each
individual local network. The number consists of all private subscriptions,
lines by administrative and other government institutions as well as public
phones. The analysis makes use of the data reported for the years of 1896,
1900 and 1905.
4.2. Market Access
The main hypothesis to be tested is the role of market access in the
adoption processes. The commonly used empirical measure for market
access consists of two components, the size of a market and the spatial
transaction costs to trade in this particular market. The transaction costs
are usually proxied by the distance between the two markets (Fujita et al.,
1999). Since the number of calls between two locations decays approximately with distance squared (Ploeckl, 2011) I use this relationship for the
empirical calculation of market access. This distance is measured as great
circle distance between any pair of towns. This is based on the deﬁnition of
each town as a separate market. The size of these markets is measured in
two distinct ways. The ﬁrst measure is the number of inhabitants, the population size of the town. This is the standard measure used in the economic
geography literature (Ploeckl, 2010). The second measure is the number of
phone lines active in the local exchange network. This is obviously highly
time variant and also only applicable to towns where a local exchange has
already been established. This distinction between the two measures also
implies that market access based on population numbers are rank eﬀects,
since they do not depend on the adoption decision in any location. Market
access based on subscriber lines is however a stock eﬀect since there the
adoption decision in other towns is obviously highly relevant.
The impact of the telephone is however not unidirectional, it aﬀects
transaction costs in both directions. This is relevant since a town not
only has market access in other towns but also represents market access
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for other towns. The adoption decision for a particular location might
therefore depend not only on the markets that can be access from this
location but also the size of market access this particular town represents.
To distinguish this idea from market access introduced above I refer to it
as market size.
4.3. Controls
Next to market access a number of other factors potentially inﬂuence
the adoption decisions and can create the observed diﬀusion patterns. The
following section describes town characteristics that are used to control
for these factors, in particular economic and political ones.6 The data is
based on a number of diﬀerent organizational units. A number of general
as well as economic characteristics are directly based on the town level
itself, respective the formal municipalities. The next administrative level,
and organizational unit for data, is the Bezirk. This county unit takes two
forms, ﬁrst a number of the larger towns are kreisfrei, meaning that the
municipality is at the same time a county as well, and second Landkreise,
regular counties usually labeled after the seat of the county administration.
There are 155 counties used in the analysis. The third utilized units are
constituencies, in particular the 42 districts for the Reichstag elections.
These are obviously predominantly used for the political control factors.
The description is ordered according to their classiﬁcation within the
utilized diﬀusion model, though in general economic characteristics are predominantly rank eﬀects, while political variables are mostly order eﬀects.
4.3.1. Rank Eﬀects
The ﬁrst group of control variables are those characterized as rank effects. This implies that if these variables are shown to have an inﬂuence,
only the value of the town itself matters, not that in other places.
Included are standard town characteristics, namely the population size
of the town, its administrative role and relative geographic position. The
ﬁrst is based on census numbers recorded every ﬁve years, the second contains a dummy that indicates whether a town was the seat of county administration. Usually the town formed a county together with the area around
6

Table 1 reports summary statistics for these variables.

11

it, however as mentioned in the case of some important, and usually larger,
towns, the town itself was equivalent to the county. Next to this dummy
I include a variable indicating how much of the county population lives in
the town, indicating the relative importance of this town for the particular
region. In some cases cities that represent also counties were separately
also the seat of the administration for the rural county around it. I include
a dummy which indicates whether a town was in such a rural county, indicating that it was in the vicinity of a major city. Additionally I include
a dummy that indicates whether a town is close to the state border, which
is indicated if the county shares part of the state border.
The next set of variables contains information about the economic structure of the town. The ﬁrst is the share of the primary sector in male employment, the percentage of men active in agriculture. This information is
based on numbers for the sectoral composition of political constituencies
in 1895. The second is related to this by containing the share of the total
population engaged in non-farm employment at the district level, capturing not only the non-agricultural part but also the total employment in the
district. This data is available for 1882, 1895 and 1907. The third variable
in this set uses the occupational categories of non-farm employment to create an indication of specialization in the district. The Bavarian statistics
report the number of workers in 23 separate categories, the variable is then
an indication of how strong an individual district deviates in its occupational structure from the statewide average. This is calculated with the
∑
seciB
seciC
formula 12 N
i=1 | empC − empB | where i indexes the sector, B the whole of
Bavaria and C the district in question.
Two more economic variables are information about the tax revenues
and structure in the districts. The ﬁrst is the per capita revenue of state
taxes in each district in 1887, indicating the amount of economic activity in
the region. The second is the height of the Gemeindeumlage, a municipal
tax rate speciﬁed as a share of state taxes. Municipalities have the power
to set this rate individually to fulﬁll their obligations. If other sources of
funding were available, this rate could drop to zero. The variable is the
average rate by district in 1887.
The above set of economic characteristics indicates the general structure, the next set is directly related to trade and transportation. The ﬁrst
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variable is a dummy that indicates whether the town in question had a
railroad station in 1882. The second variable measures the importance of
the rail access, it contains the per capita revenue received at that particular station in 1882. The ﬁnal railroad variable indicates the diﬀerence
in freight sent and received at the station measured in per capita terms.
All three variables are based on statistical information from public railway
authorities.
The ﬁnal rank order characteristics concerns the direct demand for communications services. In particular it contains the per capita revenue from
all other postal services, including mail and telegraph provision. The data
for the year 1882 is taken from the annual statistics of the postal authorities.
4.3.2. Stock Eﬀects
The second category of controls, stock eﬀects which take the positive
adoption decisions by other into account, is quite small. As described
above market access calculated with the number of lines does fall into this
category. Another included control is the split of phone lines according to
the type of participants. Since it involves information about the adoption
within towns, the variable is only relevant for the analysis of diﬀusion of
the phone within towns rather than the diﬀusion of network exchanges.
The variable is based on information about the ownership of phone lines,
in particular it splits the total number of lines into three categories, lines
owned by private subscribers, by public institutions and public phones,
open to use by the general public. The variables are speciﬁed as the share
of government respective public access phones of the total lines in town.
4.3.3. Order Eﬀects
The ﬁnal category of controls are order eﬀects, which take the whole distribution into account. In particular these are political variables as well as
a connection to religion, both regional characteristics that might inﬂuence
the distribution through a capture of the responsible public institutions.
The ﬁrst variable doesn’t look at the inﬂuence of individual political
movements but the general political engagement of a location. This is
measured with the level of participation in the federal elections of 1890,
again measured on a electoral district level.
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Although Bavaria is one of the traditionally Catholic states in Germany, its territorial expansion, especially during mediatization and the
Napoleonic wars at the turn of the 19th century, meant that it had a substantial Protestant minority. The possible inﬂuence of religion is directly
linked with political indicators. The Zentrum party was the main party
for Catholic interests and a strong political force. I use the relationship
between the Catholic population share and the Zentrum vote share to determine whether the possible eﬀect was due to religion directly or due to
its political inﬂuence. The variables are speciﬁed as the vote share of the
Zentrum party in the 1890 election as well as the diﬀerence between the
Zentrum vote share and the Catholic population share in 1890 on a electoral
district level. Besides the conservative Catholic party there are a number
of other political forces, in particular liberal parties as well as Socialists.
The variables are again speciﬁed as their vote shares in the 1890 elections.
5. Analysis
The empirical analysis is conducted separately for the two diﬀusion
process. The ﬁrst, the diﬀusion of local exchange networks over towns,
is conducted with a duration analysis approach. The town penetration
rates are then analysed with a cross-sectional analysis utilizing a spatial
econometrics approach.
5.1. Adoption of Networks
As demonstrated above, the diﬀusion of local network exchanges was
not instantaneous but progressed over more than two decades. The main
question is therefore what factors determined when a town was selected
as a site. This leads to an empirical approach that focuses on the timing
of these events, which implies the appropriateness of a duration analysis
approach. These methods are also known as survival analysis indicating
the focus on analyzing the length of a time spell until a particular event,
often referred to as failure or death, happens. In this case the failure is
the opening of a newly installed local network exchange (Kalbﬂeisch and
Prentice, 1980).
This approach therefore includes a discrete choice outcome with a binary status, zero if the event has not happened yet and one if it does
14

occur. Furthermore the probability of an event at any given time is modeled, the resulting distribution over time is referred to as the hazard rate.
One formalization of this hazard rate is to use a parametric approach, in
particular I use the Weibull distribution to formally model the hazard rate.
This implies that this rate can be written as :
h(t) = ptp−1 [exp(x(t)′ β]
where t is time, x a set of covariates, p a parameter of the underlying distribution and β a vector of parameters for the inﬂuence of covariates on
the hazard rate. p and β will be estimated empirically. The parameter p
determines the shape of the hazard rate, if p > 1 the rate increases over
time, p = 1 implies a constant rate while p < 1 implies a decreasing rate.
The underlying assumption of the baseline speciﬁcation is the same base
hazard rate, as represented in the parameter p, for all towns, regardless
of region or other characteristics. The only diﬀerentiation is the inﬂuence
of town-speciﬁc covariates. The next speciﬁcation modiﬁes this to take
regions into account through a stratiﬁcation of the speciﬁcation. This implies that the hazard rate parameter will be identical for all towns within
the same region but does vary between regions. I use the seven Bavarian
Regierungsbezirke in this stratiﬁcation. The covariates, x(t), can be timevarying, though some speciﬁcations will use only time-invariant ones. The
vector of parameters β expresses how the covariates aﬀect the hazard rate.
If the covariates are time-invariant their eﬀect on the hazard rate has the
same proportional multiplicative eﬀect at any given time of observation. If
the covariates vary, the eﬀect obviously varies with them.
Table 2 shows the ﬁrst set of results. Column 1 displays the results for
the baseline regression with time-invariant covariates. Column 2 displays
the results when regional eﬀects are included and column 3 shows the results for the inclusion of time-variant covariates. The results correspond
quite well between the three speciﬁcations. The results show that market access had an impact and that the diﬀusion follows economic criteria,
larger towns as well as those with a higher employment ratio and higher
postal revenues received exchanges faster As expected the larger a town is
in 1880 the faster it received a local network exchange. This eﬀect remains
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pretty much the same when population is entered as a time-variant variable, again the larger the town the faster the adoption. Since the outcome
variable is constant but the magnitude of the covariate increases is there
a minor decrease in the size of the coeﬃcient. From the set of economic
control variables the employment ratio, the share of non-agricultural workers in the total population has an impact on the adoption decision. The
larger this share the faster the town received a local exchange. This impact
conﬁrms that initial adoption was driven strongly by business. As has been
shown above, the vast majority of early adopters were not individual households but businesses. This is also strongly conﬁrmed by the signiﬁcance
of the local postal revenues. The resulting coeﬃcients demonstrate that
a comparatively higher use of mail and telegraph lead to a faster establishment of a local exchange. A higher demand for postal communication
services like mail and telegraph points strongly to a higher demand for
telephone services as well. This implies that it was easier in these towns
to ﬁnd business interested in subscribing, the prerequisite for a successful
application for an exchange. The results also indicate that the process did
not have a strong political bent, the coeﬃcients on the political variable are
statistically insigniﬁcant. This implies that the spatial diﬀusion of the telephone was a process governed by economic consideration, political forces
did not substantially shape it. This points towards a relative independence
of the postal authority within Bavaria.
The main question of interest however is the eﬀect of market access. All
three speciﬁcations demonstrate that some form of market access matters
for the diﬀusion of information technology. The direction of the eﬀect is
as expected, locations with a larger market access receive a local exchange
faster. More ambiguous however is which form of market access actually
matters. The ﬁrst two speciﬁcations contain only market access measures
derived with town population. In both cases it is market access, the size of
the market accessible from the town in question, that seems to matter for
the adoption decision, while market size, the measure of how much market
access this town represents for others, is not statistically signiﬁcant. The
third speciﬁcation contains both, market access measures derived with population as well as those derived with the extent of phone adoption within
existing local exchanges. The results depicted in column 3 indicate that is
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not the general market but the speciﬁc market measure that matters. The
conclusion from this result is that the observed eﬀect of market access is
transmitted through a network eﬀect rather than through a general eﬀect
on adoption. This shows that the eﬀect is more likely a stock eﬀect rather
than a rank eﬀect, the existing adoption decisions matter more than this
particular town characteristic itself for the diﬀusion. This is conﬁrmed by
the result that it is speciﬁc market size rather than market access that inﬂuence the decision. The above described impact of economic characteristics
indicate that demand in the town itself inﬂuenced the adoption process,
this market size result complements this with the impact of the demand in
towns which already had an exchange for extension of the network. The
adoption decision is inﬂuenced not only by demand in the town in question
itself but also by demand in other towns for new communications possibility
with that particular town.
Another possibility for the observed result is simply an expansion of the
network based on geography rather than market access. The introduction
of a spatial correlation between closeby towns into the speciﬁcation models
this geographic eﬀects. Kachi and Hays (2011) develops a new method to
include this spatial eﬀect in the estimation of an accelerated failure time
model with a maximum likelihood approach. The formal speciﬁcation to
be estimated is y = Ay + Xβ + Lu, where y is the outcome, A is the matrix
modeling the spatial dependency, X the set of covariates and L a correction
necessary in connection with the error terms u.
For technical reason only general market access and market size can
be included, though diﬀerent possible geographic patterns can be tested.
In particular three patterns are investigated. The ﬁrst, labeled decay, assumes that towns are inﬂuenced by all other towns, but closer towns have
a stronger impact. The spatial correlation is therefore modeled with a
commonly used distance decay function, more precisely inverse squared
distance. The second, labeled band, assumes that towns are inﬂuenced
by towns within a particular distance threshold and that the inﬂuence of
these towns is identical. The correlation is modeled with dummies indicating whether the distance between two towns is below a distance threshold
of 25km. The third, labeled region, is based on the development of regional
phone networks. The tariﬀ structure of the Postal authority grouped lo17

cal exchanges into Bezirke, usually spatially consistent regions, allowing
for a particular rate structure within these groups. The particular shape
of the groups is due to the historical development of the general network,
local exchanges within this groups were often connected with each other
before links with the state-wide network were made. Again the correlation
is modeled with a dummy indicating that two towns are within the same
group.
The results for the three diﬀerent spatial correlation models are reported
in table 3. The results for the control variables are pretty much identical
to the models without spatial correlation. In case of the market access
variables and the spatial eﬀect, the results indicate that it is indeed market
access rather than a simple geographic network extension that drives the
diﬀusion of exchanges over towns.
5.2. Adoption of Telephone Lines
The adoption of the telephone by private persons requires two steps, ﬁrst
the establishment of local network exchanges and second the decision by
ﬁrms and households to subscribe to the service. The previous section has
demonstrated the factors behind the ﬁrst step, the establishment of local
network exchanges. This section looks at the second step, the adoption by
households and ﬁrms. The focus is again on the impact of market access
on the adoption decision. In this step this explicitly equals network eﬀects,
not so much local but regional ones. In particular this analyzes whether the
ability to make a call to a subscriber of a diﬀerent local exchange increases
the number of subscribers. Additionally the local eﬀect is investigated by
determining whether local characteristics, in particular the population size
of the town, aﬀect the rate of adoption within the town.
The data are available as cross-sectional adoption rates for three different years, 1896, 1900 and 1905. While above the temporal development
was included through the parametric shape of the speciﬁcation this has to
be done diﬀerently given this structure of the data. Here a time variable is
included as an explanatory variable. Since the adoption rate ﬁgure shown
above indicates that the process is still in an early phase the underlying
curve is still rather linear in its shape and the included time measure is
therefore simply speciﬁed as the number of months since the establishment
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of the local exchange.
The cross-sectional nature of the data and the incorporation of external
network eﬀects point towards the use of a spatial econometric approach,
in particular a spatial lag model. This model uses a spatial autoregressive
approach which requires to model the relationship between the observations
directly with a spatial weights matrix (Anselin, 1988). The speciﬁcation
is then conducted with a Maximum Likelihood estimation. Formally the
speciﬁcation is
y = ρW y + Xβ + ϵ
where y is the number of lines in local networks, W the spatial weight
matrix and X is a set of covariates that potentially inﬂuence the phone
lines uptake within towns. ρ and β are the coeﬃcients to be estimated. The
adoption rate is usually expressed as the number of lines per capita, this
speciﬁcation however uses the absolute number of lines as outcome variable.
This is due to the nature of the spatial interaction between the observations,
which models the inﬂuence of lines in other towns on the number of lines
in each town. The eﬀect of the spatial lag variable is additive, the total
eﬀect therefore the weighted sum of the eﬀects of each individual town. To
correct for this with regard to the inﬂuence of other explanatory factors
I interact all control variables with the relevant population size with the
consequence that the resulting coeﬃcients actually do show the impact on
the adoption rate rather than the total number of lines.
Table 4 reports the results for the three year 1896, 1900, 1905. However
the results for 1896 are likely not fully reliable due to the small number
of observations relative to the number of explanatory factors. Nevertheless
if the results are taken as an indication the eﬀect of market access seems
to correspond to this shown for 1900. Focusing on the results for 1900
and 1905 a particular pattern for the impact of market access emerges.
As mentioned the speciﬁcations include market access in its general form
as well as based on telephone lines in the form of the spatial eﬀect. The
numbers indicate a shift from general market access, in particular market
size though market access also is barely above statistical signiﬁcance at 10%
level, to speciﬁc market access, as modeled in the spatial network eﬀect.
So while the initial adoption is inﬂuenced by the size of the markets which
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can now be reached through the telephone this changes over time to a more
network-like eﬀect, where the number of subscribers begins to matter.
A shift in the patterns is also visible for some, though not all, covariates.
There is no statistical evidence for a general time trend, the eﬀect of time
since installation seems to be substantially overshadowed by the impact of
other covariates. Population however does prima facie exhibt a change in
pattern, while it has an impact in 1900 where larger towns have a higher
penetration rate, the eﬀect is no longer statistically signiﬁcant in 1905, indicating that the size of location no longer aﬀects the speed of adoption. The
eﬀect of other town characteristics, in particular its administrative function and geographic position do not change, though there is a diﬀerence
in signiﬁcance between them. While the administrative function had no
general inﬂuence the relative geographic position had. In particular towns
close to borders appear to adopt faster. A potential explanation for this
phenomenon is a spatial eﬀect of towns across the borders since the Bavarian network was at least partially integrated those of neighbouring regions,
in particular the rest of the German empire. The non-eﬀect of administrative function is explained by the impact of the structure of subscribers.
The shares of governmental as well as public lines have a statistically signiﬁcant, negative impact on the rate of adoption. The more adoption is
drived by non-private subscribers, the slower it is. Future research has to
clarify whether this is really an eﬀect of bureaucracy, a time-trend due to
a initially higher, but upwards bounded adoption by public institutions.
Similarly the impact of economic variables like employment share, agriculture, specialization and the two tax measures are changing between the
two time points but without a clear pattern to these changes. The impact
of transportation stays constant, towns without a railroad adopting faster,
likely compensating for the absence of railroads, while those towns whose
railroad stations have higher revenues are also adopting faster, indicating a
complementarity between information and transportation. The same holds
for the impact of other postal revenues, towns with a higher demand for
mail and telegraph also exhibit a higher demand for phone lines as indicated
by a higher adoption rate. In contrast to the adoption of local exchanges
political variables exhibit a statically signiﬁcant eﬀect on the adoption rate.
Again the pattern changes over time without a clear sense of what is driv20

ing these changes, though assuming that political ideology is correlated
with other cultural diﬀerences the results do indicate that the adoption of
individual phone lines might not be a purely economical decision.
The sample for 1905 is considerably larger than that for 1900, since
the number of installed local networks increased from 126 to 306. Due
to the nature of the speciﬁcation the observed shift from general market
access to a network eﬀect can either be due to a general shift or due to the
expansion of the network into further locations. The relative size of the
impact, as discussed below, indicates that the eﬀect is stronger for smaller
locations, which indicates that the shift is likely driven by the diﬀusion of
the technology into more and smaller towns.
5.3. Impact
In the two previous section the results demonstrated that the existence
of a network beyond the local exchange mattered for the extension of the
network and the adoption of phone lines within towns. Here the magnitude
of these eﬀects is discussed. In a ﬁrst step the eﬀect of market access on the
adoption of local network exchanges is quantiﬁed. Using the variable values
and the coeﬃcients of the main speciﬁcation without time-varying eﬀects
implies the following impact. The average time to establishment is reduced
by 3.5% while the median is 2.9%. This is eﬀectively calculated without
Munich since the establishment date of this exchange starts the process and
is therefore essentially zero. This however should not change the picture in
a signiﬁcant way, since Munich is large enough that the adoption decision
is likely much more driven by its sheer size rather than the impact of a
connection with other towns. Quantifying this impact in terms of time
implies that the total time to adoption by all towns is reduced from 68400
to 66064 months, a reduction of about 150 exchange years. This implies
that every exchange is installed about half a year earlier due to market
access.
The speciﬁcation used to estimate the impact on the adoption rate
within towns is designed for an easy quantiﬁcation of this eﬀect. The additive nature of the spatial eﬀect variable and the use of absolute lines as
outcome variables imply that the product of the estimated coeﬃcient with
the spatial variable value results in the number of lines due to the network
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outside of the town. A comparison with the number of total lines shows
then what share of the lines is due to this eﬀect. Making this calculations for 1905 shows the following picture: The share of lines due to the
wider network ranges from 0.002% to 401.4% with a mean of 25.8% and
a median of 13.3%. The diﬀerence between median and mean and most
importantly the upper end of the range indicate one particular problem
with this calculation. The linear nature of the spatial eﬀect implies that it
is not implicitly bounded by the actual limit, which is 100% and every line
is adopted because of the opportunity to call somebody outside the town.
The towns with these high values are usually located in the vicinity of large
towns, in particular Munich whose high absolute number of lines simply
drives the implied eﬀect way above the numbers of lines actually adopted
in these smaller places. Computing the same statistics when the maximum
is restricted to 100% does not substantially change the magnitude of the
eﬀect, indicating that is concentrated in only a few towns. The second
calculation is then to derive the actual number of phones state-wide due to
this eﬀect. While the shown average is unweighted by the size of the town,
this calculation now uses the total number of lines as weights. As a result
the share of lines due to wider network eﬀect is about 4% of all lines. This
sharp drop indicates that the regional network eﬀects are more important
for small places than they are for larger places. This is also illustrated when
Munich, the capital and by far largest city, is dropped from the sample,
which immediately raises the share up to 6%.
6. Conclusion
The progress of technology through new inventions and the improvement of existing ones inﬂuences the location of economic activity. Its impact on communication and transportation aﬀects how ﬁrms and people
structure their life and business spatially. This paper demonstrates with a
historic case study that there is also a reverse eﬀect, market access and the
underlying existing spatial distribution of economics activity does inﬂuence
the diﬀusion pattern of technology. Furthermore it shows that the spatial
diﬀusion of the telephone system as organized by the public monopolist followed essentially economic motives while the adoption of individual lines
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within towns did depend not only the towns’ economic characteristics but
also non-economic ones.
Telecommunications like the telephone are an obvious candidate regarding a potential inﬂuence of market access. Its nature as a networking technology implies that the potential set of links will inﬂuence how the network
expands and new locations will be integrated, as this study demonstrates.
This raises the question how general this eﬀect is and whether it extends
beyond clear network industries. Possible next steps is to look into the
diﬀusion of transportation technology and the development of infrastructure and the relationship between the transport of physical goods and the
transmission of information
The telephone was a technological breakthrough that changed communications for good. The introduction of true interactive conversation shaped
how businesses, governments and individuals dealt with the existing spatial
distribution of economic and other activity. This study demonstrates that
this technology however was not just a force that shaped this distribution,
it was also strongly inﬂuenced by the existing conditions under which it
diﬀused over space.
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7. Appendix
The following table gives an overview about the sources for all data
sets.
Data
Year
Town Population
1880-1905
Town Status
1880
County Population
1880
County Location
1880
Agricultural Employment Share
1890
Employment Ratio
1882, 1895, 1907
Sectoral employment
1882, 1895, 1907
State Tax
1887
Local Tax
1887
Railroads
1882
Postal revenues
1882
Election Participation
1890
Vote Shares
1890
Catholic Population Share
1890

Source
Gemeindeverzeichnis
Gemeindeverzeichnis
Gemeindeverzeichnis
Gemeindeverzeichnis
Reibel
Gewerbe
Gewerbe
Beitraege 57
Beitraege 57
Verkehr
Verkehr
Reibel
Reibel
Reibel

Gemeindeverzeichnis refers to (Bayerisches Statistisches Landesamt, 1954)
Reibel refers to (Reibel, 2007)
Gewerbe refers to (Bayerisches Statistisches Landesamt, 1911)
Beitraege 57 refers to (Bayerisches Statistisches Landesamt, 1892)
Verkehr refers to (Königlich Bayerische Verkehrsansalten, 1882)

27

8. Tables

Table 1: Summary statistics

Variable
Market Access 1880
Market Size 1880
Population 1880
Town Status
County Population Share
Fringe Region
Border Region
Agriculture
Employment Ratio 1882
Specialization 1882
State Tax
Local Tax
Railroad Station
Railroad Revenues
Railroad volume
Postal Revenues
Election Participation
Zentrum Vote Share
Zentrum vs Catholic
Liberal Vote Share
Socialist Vote Share
N

Mean Std. Dev.
325.731
262.668
329.387
1116.72
4340.725
13684.93
0.17
0.376
0.181
0.303
0.275
0.447
0.448
0.498
62.331
15.506
0.127
0.065
0.264
0.086
4.697
2.294
2.866
1.971
0.601
0.49
28.315
79.353
0.012
6.487
4.288
2.556
58.913
11.088
59.933
29.556
16.551
12.18
28.031
27.173
8.755
11.885
306
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Min.
58.14
12.783
158
0
0.006
0
0
2.2
0.054
0.134
1.899
0
0
-4.353
-88.208
0
32.7
0.1
0.700
0
0.4

Max.
2539.205
14038.053
195839
1
1.081
1
1
78.600
0.693
0.647
31.178
22.257
1
889.690
46.487
20.284
81.400
98.7
59.5
95.8
56.4

Table 2: Diﬀusion of local exchanges
Baseline
Stratiﬁed
t
Market Access 1880
Market Size 1880
Population 1880
Town Status
County Population Share
Fringe Region
Border Region
Agriculture
Employment Ratio 1882
Specialization 1882
State Tax
Local Tax
Railroad Station
Railroad Revenues
Railroad volume
Postal Revenues
Election Participation
Zentrum Vote Share
Zentrum vs Catholic
Liberal Vote Share
Socialist Vote Share

-0.000140∗∗∗
(-3.44)
0.0000146
(0.63)
-0.0000165∗∗∗
(-8.39)
-0.00824
(-0.30)
-0.0513
(-1.12)
-0.00993
(-0.67)
-0.0226
(-1.69)
0.000887
(0.82)
-0.766∗∗
(-3.04)
0.0132
(0.11)
0.00919
(1.72)
-0.0150
(-1.82)
-0.00653
(-0.43)
0.00000315
(0.02)
0.00104
(0.72)
-0.0191∗∗∗
(-5.74)
0.00114
(1.47)
-0.0000312
(-0.05)
-0.000876
(-1.25)
-0.000658
(-1.14)
0.000347
(0.26)

-0.000110∗∗
(-2.76)
0.0000120
(0.34)
-0.0000165∗∗∗
(-5.92)
-0.00794
(-0.26)
-0.0973∗
(-2.17)
-0.0129
(-0.82)
-0.0230
(-1.49)
0.000434
(0.33)
-0.672∗
(-2.50)
0.103
(0.80)
0.00643
(0.96)
-0.0124
(-1.37)
-0.00971
(-0.57)
0.00000682
(0.05)
0.00105
(0.87)
-0.0170∗∗∗
(-4.53)
0.000728
(0.63)
-0.000297
(-0.34)
-0.00169
(-1.59)
-0.00146
(-1.80)
-0.0000297
(-0.02)

5.624∗∗∗
(39.54)

5.721∗∗∗
(33.13)

0.00402
(0.07)
-0.0514
(-0.66)
-0.0410
(-1.71)
-0.0359
(-1.39)
0.000630
(0.34)
-1.096∗∗
(-2.89)
0.0773
(0.44)
0.0153
(1.84)
-0.0263∗
(-2.30)
-0.00806
(-0.33)
0.0000953
(0.50)
0.00238
(1.56)
-0.0263∗∗∗
(-4.72)
0.00142
(0.82)
0.000253
(0.20)
-0.00145
(-0.95)
-0.00137
(-1.26)
0.000702
(0.29)
-0.000214
(-1.31)
-0.0000227∗∗
(-3.27)
-0.0000150∗∗∗
(-5.02)
5.850∗∗∗
(23.16)

2.177∗∗∗
(36.57)
No
306

1.830∗∗∗
(7.98)
Yes
306

1.686∗∗∗
(8.21)
Yes
66064

Market Access
Market Size
Population
Constant
ln p
Constant

Time-varying

Regional eﬀects
Observations
t statistics in parentheses
∗
p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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-0.0000777
(-1.21)
0.0000253
(0.65)

Table 3: Diﬀusion of Local Exchanges with Spatial Correlation
Decay
Band
Region
Market Access 1880
Market Size 1880
Population 1880
Town Status
County Population Share
Fringe Region
Border Region
Agriculture
Employment Ratio 1882
Specialization 1882
State Tax
Local Tax
Railroad Station
Railroad Revenues
Railroad volume
Postal Revenues
Election Participation
Zentrum Vote Share
Zentrum vs Catholic
Liberal Vote Share
Socialist Vote Share
Constant
rho
Constant
lambda
Constant

-0.000117∗
(-2.43)
0.0000150
(0.49)
-0.0000165∗∗∗
(-6.63)
-0.00860
(-0.24)
-0.0541
(-1.11)
-0.00991
(-0.55)
-0.0212
(-1.34)
0.000924
(0.84)
-0.744∗∗
(-2.70)
0.0124
(0.09)
0.00917
(1.51)
-0.0151
(-1.95)
-0.00788
(-0.47)
0.00000108
(0.01)
0.00102
(0.75)
-0.0193∗∗∗
(-5.93)
0.00125
(1.39)
-0.000122
(-0.17)
-0.000925
(-1.14)
-0.000723
(-1.04)
0.000424
(0.27)
5.185∗∗∗
(8.01)

-0.000135∗∗∗
(-3.67)
0.0000141
(0.45)
-0.0000166∗∗∗
(-6.55)
-0.00895
(-0.26)
-0.0566
(-1.15)
-0.00931
(-0.52)
-0.0241
(-1.52)
0.00104
(0.93)
-0.705∗
(-2.44)
0.00523
(0.04)
0.00887
(1.46)
-0.0148
(-1.92)
-0.00714
(-0.43)
0.00000466
(0.03)
0.00105
(0.77)
-0.0193∗∗∗
(-5.97)
0.00120
(1.35)
-0.000125
(-0.17)
-0.000896
(-1.10)
-0.000675
(-0.98)
0.000531
(0.34)
5.270∗∗∗
(9.79)

-0.000130∗∗∗
(-3.59)
0.00000942
(0.32)
-0.0000165∗∗∗
(-6.87)
-0.0192
(-0.54)
-0.0604
(-1.25)
-0.00774
(-0.43)
-0.0226
(-1.45)
0.000462
(0.41)
-0.596∗
(-2.03)
-0.0165
(-0.13)
0.00966
(1.60)
-0.0155∗
(-2.00)
-0.00525
(-0.32)
-0.00000832
(-0.06)
0.000909
(0.68)
-0.0183∗∗∗
(-5.66)
0.000775
(0.85)
-0.0000618
(-0.09)
-0.000862
(-1.09)
-0.000938
(-1.32)
-0.000177
(-0.11)
5.719∗∗∗
(35.04)

0.0807
(0.70)

0.0645
(0.69)

-0.000199
(-1.60)

8.819∗∗∗
(21.60)
306

8.831∗∗∗
(21.57)
306

8.891∗∗∗
(21.46)
306

Observations
t statistics in parentheses
∗
p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 4: Adoption of Telephone within Towns

Constant
Installation time
Market Access 1880
Market Size 1880
Population
City
Population share
Fringe
Border
Government Share
Public Share
Agriculture
Employment Ratio
Specialization
State Tax
Local Tax
Railroad Station
Railroad Revenues
Railroad Volume
Postal Revenues
Election Participation
Zentrum Vote
Catholics - Zentrum
Liberal Vote
Socialist Vote
Spatial Eﬀect
Observations
∗

Year 1896
1896
36.3744
-0.0304
0.0049
-0.0008
0.0364
-4.3105
3.0610
-2.9830
1.9121
-12.4265
-17.5432
-0.1235
-17.6542
-15.1940
0.2291
0.0900
-0.2835
0.0080
0.2783
0.6386
0.1331
-0.2000
-0.1538
-0.2163
-0.1563

***
***
***
**
***
**
***
*
***
***
**
***
***
***

**
***
*
***
***
***
***

0.1502
38

Year 1900
1900
23.0341
-0.0014
0.0016
-0.0007
0.0278
0.8820
-1.5539
-1.1152
1.7955
-7.7891
-13.3994
-0.0155
-1.4841
-8.1812
0.4762
0.1734
-4.5025
0.0100
0.2313
0.4581
-0.0093
-0.1203
-0.0645
-0.1116
0.0152
0.1683
126

Year 1905
1905
***
17.4919
-0.0102
-0.0016
*
0.0007
***
-0.0054
-0.3893
1.3659
***
0.5272
***
1.9298
***
-19.9459
***
-14.9987
0.1087
-8.2857
*
3.0324
**
0.3525
0.4917
***
-3.7144
**
0.0133
0.0908
**
1.6436
-0.1572
***
-0.0806
*
0.0356
***
-0.0225
0.0233

***
***
***
**
*

**
**
***
***
**
*

0.4879 ***
306

p < 0.05,∗∗ p < 0.01,∗∗∗ p < 0.001, All variables are rescaled by 1000.
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9. Figures

Figure 1: European Telephone Penetration Rates

The graph plots the rate of per capita telephone penetration in a number
of European states for the years 1896,1900 and 1905/06.
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Figure 2: Location of Towns / Exchanges
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The graph plots the established local network exchanges. Black dots indicate towns with exchanges established before 1896, red dots were established before 1900 and green dots indicate those additionally installed
before 1905.
Figure 3: Number of installed Exchanges

The graph plots the cumulative number of local exchange networks established in Bavarian Towns.
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Figure 4: Bavarian Towns Penetration Rates
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The graph plots the rate of per capita telephone penetration in Bavarian
towns for the years 1896 (Black), 1900 (Red) and 1905 (Green).
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