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Abstract

We compare two situations of language shift: When a language border exists, as e.g. between
Slovenian and German in Carinthia, Austria before World War | or between Gaelic and English in
Northwestern Scotland, then close to that border language shift is promoted by diffusive contact
between different settlements. Such contact, however, was of no significant influence on language
shift from German to Hungarian in Southern Hungary where no language border exists. There
language shift rather occurred intrinsically, the linguistic composition of the settlements playing a
dominant role, the shrinking of the minority language being minor in settlements with dominating
minority language and increasing the smaller the fraction of that language was. The two different
paradigms covering situations with ample data from censuses reveal two different language shift
scenarios.

1. Introduction

Many of today’s languages are in fast retreat losing their importance for communication aside of
local communication. The cultural heritage connected with their use is threatened to be lost. An
unrivaled collection of empirical data is available from the censuses of the Austrian-Hungarian
Empire and its successor states. We use these data for studying language shift in time and space and
claim that the model scenarios may help understanding the dynamics behind language shift in
present scenarios and to stop or at least mitigate language retreat.

Since several years language has been in the focus of physicists in the context of language as a
complex system which is changing over time (see e.g. the reviews [1-4]). These changes have been
modeled as language change (changes within one language’s system, e.g. changes in pronunciation
or word use) [5-8], but also as language shift [2-4, 9-20] meaning that people and societies change
their language use by shifting from one language to another [21]. The majority of the
investigations until now have been performed on abstract scenarios. Abstract physical models
should be compared to empirical data to check the validity.
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Data with sufficient spatiotemporal resolution, however, are generally rare, but extremely well-
resolved information on population details is available from the 1880 till 1910 censuses of the
Austrian-Hungarian Empire (Fig.1 left) and after the collapse of the Empire in the Republics of
Hungary and Austria. These data offer themselves for extended studies on the development of the
eleven different languages listed in the Austro-Hungarian censuses.

Here we present a model for language shift from German to Hungarian in Southern Hungary and
compare the underlying mechanism with a different process of language shift, i.e. the motion of a
language border, as described earlier in literature [16, 17].

2. Historical Background

Until the end of the seventeenth century large parts of Hungary were under Turkish administration.
After the failed attempt of the Osmanic Empire to conquer Vienna in 1683 (,,Second Turkish Siege
of Vienna®) the Austrian troops, soon led by Prince Eugene of Savoy, drove out the Turks in a few
years from all occupied Hungary. Before and during the battles with the Turks, the population had
been markedly reduced. When the Turks left, the region, now in the Austrian Habsburg Empire,
was very quickly re-populated starting around 1720 [22, 23]. A major fraction of the new settlers
were Germans, a considerable part from Southwestern Germany, the region of Schwaben. Because
of this history the Baranya and Tolna counties in Southern Hungary are sometimes called
“Schwabische Turkei” (Swabian Turkey). The villages settled by Germans were dispersed as
language islands with settlements where the majority spoke other languages, predominantly
Hungarian.

The German speaking society was a typical immigration society, widely self-contained, the
economic exchange with other settlements and thus also language exchange being limited.

From the end of the 19th century on, these settlers — like all other non-Hungarian ethnic groups —
were pushed to adopt the Hungarian language and culture under the government’s assimilation
policy of “magyarisation” (hungarisation) in order to consolidate the national identity of the state
by prioritizing the Hungarian language over other languages [22-24].

By understanding how language shift happened in that scenario which may be regarded as typical
for immigration societies we hope to learn how to deal with similar present situations.
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Fig. 1. Left: Map of the Austro-Hungarian Empire in 1880. Purple: Austrian part, light orange, brown: Hungarian part, green: Bosnia-
Herzegovina which was occupied by Austria-Hungary in 1878 and later annexed. The area of investigation is shown in darker
orange-brown (counties Baranya and Tolna). Right: Map of Austria and Hungary in today’s Europe. The area of investigation is again
shown in darker orange-brown.



3. Language shift in the settlements of Southern Hungary
3.1 Data

We decided to study the language shift from German to Hungarian in Southern Hungary, in
particular in the counties Baranya and Tolna, the central counties of Swabian Turkey (Fig. 1).

All through the Austrian-Hungarian “double monarchy” from 1880 on censuses asked for people’s
language. In the Austrian part the vernacular (everyday) language was asked for, in Hungary the
censuses asked for the mother tongue, and in both cases there was no possibility to indicate
bilingualism. The censuses were continued in Hungary and Austria as well after the collapse of the
Austrian-Hungarian Empire.
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Fig. 2. Fraction of German speakers in the counties Baranya and Tolna according to census results. The dark brown area in Fig. 1
indicates the geographic position of the region. Each circle symbolizes a settlement, circle size proportional to number of inhabitants.
Colors from red to blue indicate fraction of German speakers (from 100 % down to 0 %). Left: Census results for 1880. Right:
Census results for 1930. Rivers and lakes are shown in light blue. The black line at the bottom is the border of Hungary to
Yugoslavia after 1918. Though at first glance there is no striking difference between 1880 and 1930, the detailed data permitted to
model language shift.

Using the censuses, we first digitised the language data for each settlement from the ten-yearly
Hungarian censuses between 1880 and 1930 [26]. Fig. 2 gives data for 1880 and 1930. An
extension to later times does not appear meaningful since the data taken in 1941 (already during
World War I1) appear problematic, and after World War Il a major part of the German speaking
population was forced to leave Hungary.

Overall, we obtained data for 425 settlements in the counties of Baranya and Tolna. For simplicity,
we use only information on the number of German and Hungarian speakers, disregarding other
languages. While there are speakers of other languages listed in the censuses, their number is
rather small compared to the number of German speakers: In only 53 of the 425 total settlements
(12.4%) there are more than 100 speakers of other languages in 1880. In the sample chosen for
analysis (50 settlements) there are more than 100 speakers of other languages in 12 settlements
(25.5%). The total population of each settlement is therefore calculated by adding the numbers of
German and Hungarian speakers.

The linguistic mixture of the region originated directly from the resettlement policy of the Habsburg
Empire from about 1720 on. Language shift started after the magyarisation politics began towards
the end of the 19th century and was unidirectional from German to politically intended Hungarian.
For modelling language shift over time we therefore assume that the fraction of the German
minority language in the population can only decrease. Additionally, we assume that the process of
language shift is the same in all settlements, i.e. it takes the same shape but with different initial
conditions (different initial linguistic compositions) based on the fraction of German speakers
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“implanted” in the resettlement process. In default of information we have to neglect migration
processes.

3.2 Model

A first inspection of the development of the fraction of German speakers in the settlements from
1880 till 1930 indicated that magyarisation occurred the faster the higher the fraction of Hungarian
speakers in the settlement was. This let us suppose that it was not so much the diffusive contact
between neighboring settlements which promoted linguistic magyarisation than rather intrinsic
factors, i.e. the linguistic composition of the settlements.

The data scattering is very notable. Since relative scattering is the larger the smaller the settlement
we restricted the detailed study to 50 larger settlements with a non-negligible fraction of German
speakers. This choice resulted in a minimum settlement size of 1200 inhabitants with at least 100
German speakers. Even in this reduced sample considerable scattering remained.

As indicated above, a first inspection of the development of the fraction of German speakers in the
settlements from 1880 till 1930 suggested that magyarisation occurred the faster the lower the
fraction of German speakers or the higher the fraction of Hungarian speakers in the settlement was.
We describe this supposed relation by setting the retreat of German language as a negative
exponential in analogy to phenomena as the radioactive decay. Our hypothesis to be tested in the
following is that this retreat will be the stronger the smaller the fraction ps(t)=nc(t)/N(t) of German
speakers in a settlement with N(t) inhabitants composed of ng(t) German and nu(t)= N(t)-ns(t)
Hungarian speakers was (remember that we omit speakers of other languages). To model that
situation we assume that in each settlement after one year’s time the fraction ps(t + 1) of German
speakers will be proportional to that fraction in the preceding year ps(t) weighted by a factor
exp[-m-(1- pg (t)] which takes account of the fraction of German speakers in the settlement in the

way that the lower the fraction pg(t) the faster is its decrease.
The probable fraction of German speakers after one year can then be written

P (t+1)= pg(t)-exp[-m-(1- pg (1))] L)

where pg(t)= ns(t)/N(t) and m is the annual magyarisation rate averaged over all settlements in the
limit of a negligible fraction of German speakers.

3.3 Search for diffusional interaction

We consider an additional impact on language shift through interactions Fg(r, t) with German
speakers and Fu(r, t) with Hungarian speakers in the neighborhood settlements in a similar way as
applied to the shift of Slovenian to German in Carinthia [17]. For each settlement at position r and
time t we obtain Eq. 2 for the probable fraction pgs(r, t + 1) to speak German in the settlement
located at position r at time t + 1 by assuming the probable fraction of German speakers pg(r, t + 1)
to be normalized to the total number of speakers and the total interaction Fg(r, t) and Fn(r, t) in that
settlement.

NG (r,t)exp[—m-(L— pg (r,1)) [+ F (T t)
N(r,t)+Fg(r,t)+Fu(rt) '

Each interaction term Fg(r, t) is a sum over the contributions of German speakers in all other
settlements surrounding the initial settlement at position r and in an analogous way this applies to

Fr(r, t) for Hungarian speakers.

@)

pe(r+1,t)=

The contributions of all other settlements positioned at rj surrounding the initial settlement at
position r are modeled by two-dimensional Gaussian functions identical to distributions describing
the diffusion of particles in physics or chemistry:



2
Lt r—r.
FG(r,t): z w.exp _Q

3)
rj;tr 47ZDG't 4DG't

where Dg is the diffusivity of German language, that is, a measure for its spread. The diffusivity
can also be seen as measure for the region of influence of a language. Fu(r,t) is conceived in an
analogous way, with Dy the diffusivity of Hungarian language.

To take account of weighted contributions from neighboring cells (here neighboring settlements) is
a method known as cellular automaton or agent-based modeling.

3.4 Evaluation Procedure

Simulations were performed using GNU Octave 4.0.0. The data from the first census in each period
(1880 till 1920) were set as the initial state from which the number of speakers in each settlement
changes assuming a linear population development between censuses. To evaluate the goodness of
fit between simulated data and census data, we used ordinary least squares to minimize the squared
sum of errors. Optimization was done using the Nelder—Mead method [27].

4. Results

In Fig. 3 we plot the result for pc(1930) divided by ps(1880), i.e. the fraction of German speakers
in 1930 relative to the initial fraction in 1880, vs. the initial fraction in 1880. Even though data
scattering obliterates the graph it is evident that the description of ps(1930 )/ pc(1880) vs. pc(1880)
by an exponential is an adequate hypothesis-

From the best fit of the model to the data we receive the average magyarisation rate m for the time
period from1880 till 1930 as 0.0192 £ 0.0010 per year. The mean deviation of the best simulation of
the German population of each of the fifty settlements in our sample from the census data is 74
persons. The RMS error is 186. This should be seen in relation to the average size of the settlements
in 1880, 3,433 persons, and the average number of German speakers in the settlements, 1,633
persons.
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Fig. 3. Fraction of German speakers in 1930 relative to initial fraction in 1880 vs. initial fraction in 1880. Orange crosses are the
census data, blue dots the results of the best fit with the model of Eq. (1).

Literature [23-25] tells us that magyarisation pressure was less strong before the turn to the
twentieth century but increased later on. For comparison Fig. 4 shows a plot for the earlier period.



Indeed a fit of the data yields a 23 percent lower annual magyarisation rate m=0.0148 + 0.008 from
1880 till 1910 compared to m=0.0192 + 0.010 for the full period from 1880 till 1930.
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Fig. 4. Fraction of German speakers in 1910 relative to initial fraction in 1880 vs. initial fraction in 1880. Orange crosses are the
census data, blue dots the results of the model calculated with Equ. (1).

Here the mean deviation of the best simulation of the German population of each of the fifty
settlements in our sample from the census data is 49 persons. The RMS error is 146.

Our attempts to determine an additional influence of language contact with surrounding settlements
by varying the diffusivities Dg and Dn was unsuccessful. There was no relevant improvement of the
model fit by considering diffusive contact.

5. Conclusions and Outlook

Our central result is: the linguistic magyarisation proceeds intrinsically, which means that it is due
to contact within the settlement, be it by interactions with other persons in the settlement or by the
government’s magyarisation policy. Magyarisation proceeded the faster the higher the fraction of
Hungarian speakers in the settlement was. The mean annual magyarisation factor m for the period
from 1880 till 1910 was 0.0148 increasing for the full period till 1930 by 23 percent to 0.0192.

In contrast to previous studies [3, 16, 17] we cannot trace down an effect of diffusive contact with
other settlements on language shift.

5.1 Comparison with language shift under different preconditions
(Southern Hungary vs. Southern Carinthia and Northwestern Scotland)

In the present study of Southern Hungary the languages were Hungarian and German. The object of
a previous study has been Southern Carinthia, Austria, where the languages were German and
Slovenian [17]. Kandler et al. [3, 16] have dealt with a related scenario in Northwestern Scotland.

There are two different preconditions regarding the language situations in Southern Hungary and in
Southern Carinthia or Northwestern Scotland, i.e. our present study and the previous ones [3, 16,
17].

Firstly geographically (for a comparison see Fig. 5): Southern Hungary is different from Southern
Carinthia (and from Northwestern Scotland) in that is predominantly flat country side, large
settlements well separated from each other, the average distance between settlements being
significantly larger in Southern Hungary than in Southern Carinthia.



In contrast, Southern Carinthia is a geographically heavily structured region with many of its
settlements in the narrow valleys and small basins betweens hills and mountains. Thus often a
settlement where the majority spoke German was in close neighborhood to another settlement with
Slovenian language majority, particularly close to the language border. Diffusive contact between
the settlements had a significant influence on language shift [17]. The situation in Northwestern
Scotland is similar [3, 16].

Southern Carinthia Southern Hungary

Fig. 5. Settlement structure of parts of Southern Carinthia and Southern Hungary on the same scale. Color shows
populated areas. All settlements are shown regardless of the languages used there.

Secondly historically: In Hungary German settlers were given land by the Hungarian nobility or the
crown in widely devastated country often founding new settlements quasi as language islands.

In Carinthia, different preconditions prevailed: the immigration of a population speaking a Slavic
language is timed to about 600 AD, the immigration of German speakers from about 800 AD on.
Both immigrations may have been “diffusion processes”. By the time a language border between
German and Slovenian developed which slowly moved southwards. Thus these two languages
coexist since about 1.200 years and their peaceful interaction has a long history, only interrupted by
World Wars | and Il and the time in between.

5.2 Interpretation of the consequences of different preconditions

Historical conditions in Southern Carinthia and in Northwestern Scotland created a moving
language border, and close to that border language shift was significantly promoted by diffusive
contact between different settlements. We have shown that such contact was of no significant
influence on language shift in Southern Hungary where no language border exists. In Southern
Hungary language shift rather occurred intrinsically, the prevalent linguistic composition of the
settlements playing a dominant role.

Furthermore, in Southern Hungary linguistic homogeneity of population groups “implanted” in a
short time period forming rather large settlements obviously promoted linguistic inertia: In
settlements with German prevailing, language shift proceeded retarded in comparison with
linguistically mixed settlements.

We keep this difference as a paradigm for two very different situations. There may be interesting
analogies to present scenarios. Language border motion will become rare, though, and in the
majority of cases language shift will rather manifest through the shrinking or finally dissolution of
language islands. These may be the remnants of former widely spread language regions as presently
the Slovenian language islands in Southern Carinthia [17] or modern quasi-language islands as
formed by “implanted” immigrants in cities of the Western world. For the latter scenarios data over
a longer time period still hardly exist, though, i.e. why data collection is necessary and should be
performed in order to enable serious treatments and predictions.
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