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Abstract
Languages and dialectal innovations spread by the migration of their speakers or by ‘adjacent’
people adapting to a neighbouring variation. Thus, space influences the distribution of languages
and dialects as it might promote or hinder contact. However, different aspects of language are
affected by space in a different way. Some phenomena show gradual distributions, while others
have crisp boundaries. Some phenomena seem to disperse easier than others.

In this analysis we explore the influence of three spatial predictors - travel times in 1950 and
2000 and Euclidean distance on Swiss German dialects. We perform a redundancy analysis and
show how the spatial predictors explain the variation in five syntactic domains. We find that
space has a different influence on different grammatical aspects.

Our method is potentially useful for other ratio-type data, coming from linguistics or business
information, and for other spatially dispersed human-related variables such as ethnicity and
cultural traits.
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1 Motivation

Together with demographic features like nationality, ethnicity and religion, language and
dialects are important factors for generating identities. Language and its spatial distribution
have a great impact on how society is shaped. In turn, geographic space also impacts language.
Language change has strong ties to contact and, conversely, isolation between speakers of
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a language [13], which are also governed by spatial factors besides socio-demographic and
historical ones.

Various projects worldwide are directed at the digital collection of dialect data, aimed at
quantitative analyses, mostly pursued by linguistics. The increasing amount and complexity of
the data calls for automated models and, thus, the involvement of spatial and computational
sciences in dialectology. Despite all this, linguistic research has not received much attention
in GIScience.

This study is an extension of a former study of the authors [11], where the focus was
placed on developing a linguistic distance measure and applying it to dialectal variables in
spatial subsets and at the global level. The study showed that travel times have a higher
explanatory potential than Euclidean distances for the overall variation of (morpho-)syntactic
features in Swiss German dialects. The present study extends this method in the direction
of spatial analysis and explores the influence of spatial predictors, i.e. travel times and
Euclidean distance, on individual grammatical domains.

Different linguistic phenomena tend to display different spatial and social distributions [2]
and are explained by different underlying processes. The goal of this study is to explore the
role of spatial factors in the variation of different dialectal phenomena. On a larger scale, the
research aims to contribute to one the greatest questions in dialectology and geolinguistics:
How does spatial diffusion of linguistic variables work?

2 Related work

Dialectometry has researched the often sublinear relationship of linguistic and spatial variables
for a long time [20]. To characterise the multidimensional nature of dialects, linguistic variables
have been investigated as aggregates with the prospect of uncertainties in individual variables
levelling out [15]. Dialectometry strove for exploring the continuum of variation at the level
of dialect areas as well at the level of individual variables.

Different theoretical models have been developed to examine the diffusion of linguistic
innovations. Trudgill [23] confirms social barriers should also be used in language change
modelling: ‘urban hierarchical’ or ‘cascade diffusion’ [23][2] assumes that innovations spread
from larger populations towards smaller ones, corresponding to the mobility patterns of the
population, similarly to the effect of gravity.

The axiomatic role of geography structuring language [16] has been tested in numerous
studies with different explanatory variables, with Euclidean distance as the default. Gooskens
[8] operationalised the possibility of contact using travel times first while Szmrecsanyi [22]
tested travel times and Trudgill’s linguistic gravity index on British syntax. The latter,
among other studies, have not found travel times a better predictor for dialectal variation
than Euclidean distances. Derungs et al. [3] researched the explanatory value of different
administrative categorical boundaries for dialectal variation, modelling spatial dependences
using hiking distances.

The linguistic thesis of Pickl [19] is a good example for (geo)statistical methods being
implemented in dialect research. Ordination techniques, such as multidimensional scaling
(MDS) (e.g., [10]) became a state of the art method for dimension reduction intended for
visualisation, while principal component analysis (PCA) (e.g., [21]) and factor analysis (e.g.,
[19]) are used to detect linguistic items showing similar geographical patterns. Importantly,
geographic factors have been represented using generalised additive modelling [24], allowing
to find the (non-linear) functional relation of multiple explanatory variables to linguistic
variation.
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3 Data

The linguistic data used in this study stems from the ‘Syntactic Atlas of German-speaking
Switzerland’ (SADS – [7][6]), a survey-based dialect atlas. The survey focuses on syntax, the
linguistic level concerned with the grammatical structures at the level of sentences, such as
word order or declination. Syntax is assumed to differentiate at a slower rate over time than
other linguistic levels [14], making it eligible for the investigation of diachronic variation (i.e.,
change through time).

The SADS survey was conducted between 2000 and 2002 with a dense sampling strategy
of 383 survey sites throughout the German-speaking area of Switzerland. Respondents
answered 118 questions related to about 50 syntactic phenomena. The survey specifically
focused on finding as wide a syntactic variation as possible, while maintaining authenticity.
Importantly, the SADS features several respondents (3-26) at each survey site from people
of different age groups and professions, thus a local variation is captured in each dialectal
variable. That is, a co-occurrence of different variants per site is potentially present.

In this study, 60 SADS variables are used, listed in [11]. The variables are assigned to five
syntactic domains [6], capturing different aspects of syntax: 1) Noun phrases, 2) Pronouns,
3) Verbal complex, 4) Secondary predication and 5) Sentential and phrasal conjunctions.

The spatial variables used in this study are the Euclidean distances and travel times
by car for the years 1950 and 2000, provided by the Institute for Transport Planning and
Systems at ETH Zurich [5].

4 Methodology

We apply methods from ecology to explore the relationship of the spatial factors on the five
syntactic domains (and all domains combined). For each domain we compute the linguistic
distances (LD) between all survey sites using the method in [11]. Then the LD are arranged
in distance matrices. We perform a principal coordinate analysis (PCoA) [9] on each matrix
and retain the first k principal coordinates, which together explain at least 75% of the
variance. Thus, we capture most of the variation in each domain.

Similarly, the travel times and the Euclidean distances are arranged in distance matrices.
We perform PCoA on the travel times and compute Distance-based Moran’s eigenvector maps
(DBMem) from the Euclidean distance matrix [4].

We perform a Redundancy analysis (RDA) to explore the linear relationship between the
linguistic domains and space. RDA is a direct extension of linear regression analysis to model
multivariate response data [1]. In RDA, both the predictor and the response may consist
of several variables, which are the principal coordinates in our case. RDA is performed
separately for each of the domains, revealing how much of the variation can be explained by
the spatial proxies for dialect contact.

We compute the explained variance (adjusted R2) and perform an ANOVA-like significance
test. Finally, we generate a partition plot (Figure 1) to visualize the individual and combined
effects of the spatial variables on the linguistic domains.

The study has been carried out using the R packages ape [18] and vegan [17].

5 Results and discussion

The preliminary results of the analysis give us a good starting point for interpreting the effects
of spatial factors on syntactic domains in Swiss German dialects. The adjusted R2 values
differ for each syntactic domain, suggesting that the variation in some dialectal variables
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Figure 1 Factors shaping the observed variation in syntactic domains in Swiss German dialects.
Adjusted R2 values, as derived from RDA, are shown in the Venn-diagram. Values above 0 are
shown.

are affected by space in a different way. The explained variances are as follows (levels of
significance are given by stars). 1) Noun phrases – 32.02%***, 2) Pronouns – 33.61%**, 3)
Verbal complex – 44.4%***, 4) Secondary predication – 25.53%* and 5) Sentential and phrasal
conjunctions – 33.93%***. The explained variance in all domains combined is 52.1%***.

Not surprisingly, the three spatial predictors appear redundant in how they explain the
variation in the syntactic domains. Together they account for most of the explained variation
in the domains 3, 4 and 5. The travel times in 2000 is the best single predictor for domain 1
and 2. For domain 3 and 5, and for all domains combined the travel time in 1950 appears to
be the best single predictor, which is in line with previous findings [11]. Euclidean distance
alone appears to be inferior in predicting syntactic variation compared to travel times.

Considering the distribution of variants for the individual linguistic variables and compar-
ing them to those within the same syntactic domain, the following factors could contribute to
differences in explained variance between the five domains. Possible factor 1: The disparity
of the spatial distribution of variants (their extent in space and their boundaries) across
individual linguistic variables. This holds true especially for domains 2 and 5, and less for
domain 4. Possible factor 2: The fuzziness of variants’ boundaries (cf. also [12]). Boundaries
in domain 4 are usually rather sharp for at least one of the variants although the subdomain
of personal pronouns in domain 2 exhibits extremely sharp borders as well. Possible factor 3:
The ubiquitous spatial distribution of at least two variants for the same linguistic variable.
Some subdomains in domain 2 (esp. pronoun clusters) and, to a smaller extent, in domain
5 come close to the extreme case of congruence in spatial distribution. Possible factor 4:
The high number of variants for some syntactic variables causing an overall complex spatial
distribution (e.g., one or multiple variants being completely superimposed by one or more
other variants). In domain 1, the number of variants appears to be rather high for most of
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the lingistic variables. Possible factor 5: The number of variables within a syntactic domain
are very different. Several variables can be regarded as belonging to another domain, because
they are closely related. This is especially true for the variables in domain 3. Thus the fuzzy
nature of grammatical categorisation is a confounding factor.

In this study the variables have been used as proxies for the possibility of dialect contact.
The analysis showed preliminary results toward finding those factors that help the spreading
of dialectal variants in the variables investigated. In a more thorough spatial analysis of
individual variables, for example in an analysis of dialectal evolution, the underlying variables
found to explain most variation should be taken into account with a higher weight. Based
on the correspondences unravelled, a parameterisation of dialect contact potential is possible
which would lead to a more informed quantification of language evolution.

It is also possible to perform similar analyses on linguistic distance matrices based on
individual linguistic variables. A more informed linguistic distance can be obtained by the
decorrelation of certain variables that address the same dialectal phenomenon and show
similar distribution in space - as they potentially present multicollinearity.

The approach can be extended to include additional predictors, for example socio-
demographic variables, population density, altitude, Trudgill’s linguistic gravity index [23],
based on the population of survey sites and distances in between. Categorical predictors,
such as administrative borders, similarly to Derungs et al. [3], can also be included.
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