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1 Short Abstract

Austria, Germany, and Switzerland have repeatedly been found to lag behind
in the shift towards growing educational hypogamy that has followed the re-
versal in the gender gap in education. Here we use four decades’ worth of
Austrian census data to explore this phenomenon at the sub-national level.
We construct a municipality-specific mate-market measure based on travel
times extracted from OpenStreetMap. For each of these mate-markets, we
derive various indicators of the education-specific mating squeeze. Relating
the squeeze values to different demographic and economic, municipality-level
covariates, we find the squeeze to be driven predominantly by developments
in Austria’s low-density areas. These sub-national variations still need to be
explored further. Eventually, we hope to contribute to an improved under-
standing of educational assortative mating at the local, mate-market level.

2 Extended Abstract

The reversal of the gender gap in education (Buchmann et al., 2008) affects
patterns of assortative mating (De Hauw et al., 2017; Van Bavel et al., 2018)
via the “education-specific mating squeeze” (Van Bavel, 2012). Highly edu-
cated, heterosexual women increasingly face a lack of equally well-educated
men to form unions, leading to an increase in shares of hypogamic hetero-
sexual couples, where the woman is higher educated than the man (Esteve
et al., 2012). This trend has major implications for demographic and eco-
nomic behaviours (Van Bavel, 2012; Bertrand et al., 2015; Nitsche et al.,
2018), as well as gender inequality (Van Bavel and Klesment, 2017; Qian,
2017). However, while education-specific mating squeezes and the decline
in hypergamy along cohort lines are well documented at the national level
(Erát, 2021; Han, 2022) and also sub-nationally, e.g., at the level of German
Länder (Corti and Scherer, 2021), little is known so far about the structural
drivers of changing assortative mating patterns within realistic geographies,
i.e., the local mate markets, where individuals are likely to meet, interact and
form romantic partnerships.

Geography matters in this context for several reasons: Firstly, while mate
search is clearly driven by preferences regarding potential partners’ age, in-
come, education, race or religion, there is also a clear preference for spatial
proximity, not just because it is easier to meet physically, but also because
long-distance relationships tend to be more difficult to maintain and suffer
from higher dissolution risk (Boyle et al., 2008; Krapf, 2018). Consequently,
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not everyone within the same national boundaries is equally likely to become
somebody else’s partner. According to the First Law of Geography, ”Ev-
erything is related to everything else, but near things are more related than
distant things” (Tobler, 1969). Hence the availability of suitable partners (or
the lack thereof) within “reasonable distance” from one’s place of residence
(or work) determines a person’s chances of forming a union by their prefer-
ences.

Secondly, geography matters in determining “reasonable distance”. When
are people part of the same mate market? Given the recent shift to online
dating that has increasingly replaced traditional ways of finding a partner
(Rosenfeld et al., 2019), one might assume that spatial constraints play less of
a role in contemporary mating environments. However, even in online dating,
physical distance continues to play a key role in pre-structuring the market
(Bruch and Newman, 2019). Previous studies that have sorted their “offline”
samples into different mate markets have often been constrained concerning
the geographical breakdown of their data. While Corti and Scherer (2021)
used the very coarse level of the German Länder to study geographically
varying mate market characteristics, Eckhard and Stauder (2019) study the
validity of mate market measures within German districts. The influence of
neighboring regions, particularly for people searching close to regional bor-
ders, remains unaccounted for.

Thirdly, geography matters as educational expansion (and possibly the re-
versal in the gender gap in education) has not evolved uniformly across space
within national boundaries. This is confirmed by evidence from both the de-
veloped (van Maarseveen, 2021; Zahl-Thanem and Rye, 2024) and the devel-
oping world (Lounkaew, 2013; Xiang and Stillwell, 2023; Wen et al., 2023).
Children growing up in urban areas are advantaged when it comes to educa-
tional attainment (van Maarseveen, 2021) and such urban-rural disparities in
higher educational attainment may have become even more pronounced for
the more recent cohorts (Zahl-Thanem and Rye, 2024). Therefore, the extent
to which highly educated women experience an “education-specific mating
squeeze” (Van Bavel, 2012) will likely vary between urban and rural areas.
Research looking at the interaction between space and gender in determining
educational outcomes, though, is still lacking.

In this paper, we aim to fill this gap in the literature by studying the im-
plications of changes in educational attainment distributions by gender for
the mating squeeze experienced across more than 2,000 Austrian municipal-
ities over the 1981 to 2021 period. We do so by flexibly defining local mate
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markets based on the actual travel times between municipalities, rather than
limiting the analysis to static, administrative boundaries. To our knowledge,
this is the first time mate markets are being modeled in this way and at such
refined spatial scales for an entire country. Based on this definition of the
mate market, we derive various indicators of the mating squeeze common
in the literature and conduct spatially explicit, multivariate regression to
see which structural characteristics drove the radical changes in the mating
squeeze observed over the study period.

3 Data and Methods

The definition of the neighborhood matrix is a key problem in spatial econo-
metrics (LeSage, 2015; Anselin, 2022) and has received much scholarly at-
tention in ecological studies trying to establish exposure-response relations
at the areal-/population-, rather than the individual-level (Best et al., 2001;
Earnest et al., 2007; Harris et al., 2011). Although it has been widely criti-
cized (Getis and Aldstadt, 2004; Briz-Redón et al., 2022), many studies still
follow the conventional practice of defining neighborhoods based on the cri-
terion of simple contiguity (adjacency), often due to a lack of spatially more
refined data. An alternative approach is to apply a distance-based criterion,
e.g., Euclidean distance (i.e., a straight line) between geo-coded centroids
of nearby areal units (e.g., ZIP-codes; Gibbons and Machin, 2005), which
potentially ignores topographic barriers (e.g., mountains and rivers; Jordan
et al., 2004; Jones et al., 2010).

In the present study, we try to overcome these limitations by modelling
mate markets based on the actual travel times (by car, which is usually
the fastest way of getting from A to B) between municipalities’ population-
weighted gravity points. This is preferable for the purpose of our study
for various reasons. First of all, some municipalities sharing a border on
the map are indeed divided by hard-to-overcome barriers, particularly in a
mountainous country like Austria. These can make physical encounters be-
tween inhabitants difficult. The actual travel times between municipalities
give a more accurate picture of which ones are indeed part of the same mat-
ing environment. Secondly, centroids can often be located in the middle of
a lake or far away from settlements, thus potentially distorting travel time
estimates. Population-weighted gravity points, on the other hand, tend to
be located close to roads and the travel times calculated between them more
closely reflect the conditions that the majority of mate-market participants
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Figure 1: District-level map of Tyrol, Austria with crosses indicating
population-weighted gravity points of Tux and bordering municipalities.

are facing in their mate search decisions.

To give an example, Figure 1 shows the “neighboring” municipalities of
Schmirn and Tux in the Austrian province of Tyrol. The Euclidean distance
between the population-weighted gravity points is indeed only a few kilome-
ters. However, due to Hintertux Glacier in between these two villages, the
fastest way to get from Schmirn to Tux in fact is a nearly two hours’ drive via
the provincial capital Innsbruck, making direct physical encounters between
the two villages unlikely. The alternative conception of neighborhood that
we are proposing here suggests that the mate market for people residing (or
working) in Tux is more realistically described by the depiction in Figure 2,
where we show the municipalities which have gravity points within 20-, 30-
and 40-minutes distance, respectively, travelling by car from Tux.

As limiting the size of a municipality’s mate market to either of these
three travel time restrictions would again introduce a level of arbitrariness
by simply imposing a different boundary, this time outside the municipality
limits, we aggregate local, age-specific mate markets using the more flexi-
ble approach of inverse-distance weighting. This allows us to include geo-
graphically more distant potential partners, albeit with decreasing weight.
The follow-up question of the weights to be used in accounting for so called
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Figure 2: Travel time-based mate markets for Tux depending on acceptable
distance.

“distance-decay” here has often been avoided by research on search behaviour
within mate markets. Rather, researchers chose areas of analysis that were
geographically small enough for distance not to be a significant deterrent for
interaction (Bruch and Newman, 2018, 2019).

Yet the “Friction of Distance” has been widely covered in the transporta-
tion literature (Elleg̊ard and Vilhelmson, 2004; Matous et al., 2013). Inher-
iting from this literature, we intend to approximate the speed at which the
likelihood of being in the same mate market declines with travel time by com-
paring different distance-decay functions: our preliminary results presented
below are based on the simple inverse of travel time, as well as the log of
travel time, which imposes a smaller punishment on more distant, potential
partners. However, future results will put this aspect of our work on a more
solid, empirical basis, following a thorough analysis of people’s willingness to
move for the sake of union formation. For this, we aim to exploit registry data
from the newly created Austrian Micro-Data Center (AMDC), where cou-
ples can be identified, including with their place of residence before and after
cohabitation, starting in 2011. First results (which we are not yet allowed
to show barring statistical disclosure control by Statistics Austria) suggest
that the majority of Austrian couples find a partner from within relatively
close distance too their place of origin, albeit with strong regional variation
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due to differences in connectivity. Also, we find that the willingness to move
increases with age and level of education, particularly for men.

3.1 Travel Times

To derive travel times between Austrian municipalities, we rely on pub-
licly accessible information from Statistics Austria on the geo-coordinates of
population-weighted gravity points in 2022, as well as travel times according
to the OpenStreetMap (OSM) Routing Machine. The travel time informa-
tion is available from OSM since 2013. While OSM considers changes in the
road networks, including the quality of roads or ongoing maintenance and
construction works, travel times are not affected by the actual traffic (e.g.,
during rush hour vs. middle of the night). In order for our results not to
be distorted by changes in the network that took place during individual
years, we base our mate market estimates on the average travel times over
the entire available time span (always January 1st of 2013-2022).

We also looked into the variation over time in short-distance connectivity
(i.e., within specific mate markets) measured by road travel times. For the
2013-2022 period, when OSM data is available, this variation appears to be
minor and we are confident about using the same average travel times for
more distant years (e.g., 1981), given that close neighbors of today were close
already back then. Simultaneously, we limit the extent of the mate market
to below 60 minutes travel time, which limits the potential disadvantage of
municipalities that are close to the border and whose cross-border neighbors
cannot be considered as part of the same mate market for lack of data.

In order to speed up the large number of individual data queries, the
routing machine was installed locally. Here is a step-by-step list of the tools
used in the process:

1. Map data - OpenStreetMap (OSM) provided as snapshots by Geo-
fabrik.de. OpenStreetMap is a geographic database that changes every
time someone edits it. The only way to get the data directly from OSM
as a single file is to request it for the whole world, which is prohibitively
large. Thankfully, there are extract providers such as Geofabrik that
provide access to OSM data for specific countries. In the case of Ge-
ofabrik, the temporal breakdown of the snapshots ranges from days
(more recent past) to years (further in the past).
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2. Program to operate the map data - Open Source Routing Machine.
OSRM is a program which constructs a route network (graph) based
on the OSM data and returns the fastest route between any two points
within a few milliseconds.

3. Program to request the distances - osrm library in R. For more
straightforward interaction with the OSRM API, we used the osrm
library in R, in particular, the osrmTable function, which returns travel
time and distance tables between all provided points.

4. Optional - replicating the computing environment (Docker). To facili-
tate the replicability of our results, we used Docker containerization. In
essence, it allows the computation to be isolated from other computer
resources. By doing so, we can ensure replicability without dependency
issues on any computer with Docker installed.

3.2 Age-Specific Squeeze Indicators

Once we have established the weights of different municipalities’ sub-populations
in each other’s, age-specific mate markets, in a second step we calculate var-
ious characteristics of these local mate markets using information from the
spatially harmonized, Austrian population census. The census data is avail-
able in decadal steps from 1981 to 2021. It provides information on each of
2115 municipalities’ population by age, sex and level of educational attain-
ment. As the territorial division of Austrian municipalities has not remained
constant over the observation period, we harmonized the census data to the
political boundaries of 2022. The harmonized census data allow us to not
just derive standard demographic indicators of density and age structure,
but also different indicators of the municipality-specific, “education-specific
mating squeeze” within different, 5-yearly age brackets.

As a simplified squeeze indicator, Figure 3 shows the ratio of women to
men with at least secondary education in the 30-34 age group for municipality-
specific mate markets in decadal steps since 1981. Values close to 1 imply
no educational imbalance in this mate market. Values larger than 1 indicate
a female advantage in terms of education, values below 1 indicate an excess
of higher-educated men. In order for outliers not to distort the color scale,
a small number of values that were larger than 2 have been set to 2. For
the time being, we use equal age brackets for both women and men. Fu-
ture results will be based on more realistic assumptions regarding age- and
gender-specific mate preferences.
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Figure 3: Higher-educated (upper secondary+) women to men ratio for the
30-34 age group at the municipality-level derived from census data, Austria,
1981-2021.
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The most obvious change revealed by Figure 3 is the reversal of the gender
gap in education, widely described in the literature (Buchmann et al., 2008).
While back in 1981, there was hardly a place in Austria where highly edu-
cated women were outnumbering equally well-educated men, over the next
couple of decades this pattern changed radically along cohort lines, as in-
creasingly better-educated young women entered the mate market. By 2021,
the vast majority of Austrian municipalities are characterized by female dom-
inance in educational terms. What has not been shown by the literature so
far is the sub-national breakdown of this reversal, which has not been tak-
ing place uniformly across space. The overall reversal seems to have been
driven predominantly by changes in low-density areas. Urban areas, on the
other hand, managed to preserve a relative balance between highly educated
women and men in their mate markets (with potential consequences for the
likelihood of hypogamous unions).

To test the hypothesis of the reversal in the gender gap in education be-
ing predominantly a rural phenomenon in Austria, in the final step of our
analysis, we intent to use this simple, as well as other, more complex squeeze
indicators as dependent variables in multivariate regression controlling for
spatial dependence. Our prime research interest is in assessing the structural
factors characterizing different mate markets that drove the radical changes
in the mating squeeze observed over the study period. Apart from popula-
tion density, we are interested in the role of gender-specific internal migration
following the end of educational careers as a potential explanatory mecha-
nism. Other factors to be explored include labor market characteristics, e.g.,
unemployment, the sector-specific distribution of the workforce, but also the
share of the foreign-born population, as well as the age composition.

4 Preliminary Results

Table 1 shows simple linear regression results for the 30-34 age-group from
1981 to 2021. The dependent variable is the squeeze indicator displayed in
Figure 3. The only independent variables used here is the log of population
density. In line with our hypothesis, population density used to relate pos-
itively to the mating squeeze in the early 1980s. However, this relationship
has reversed during the 90s and has become significantly negative in more
recent years.
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Table 1: Density-Effect on Squeeze, 30-34, 1981-2021

Dependent variable:

squeeze

1981 1991 2001 2011 2021

log(density) 0.017∗∗∗ 0.001 −0.008∗∗∗ −0.019∗∗∗ −0.041∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.002)

Constant 0.577∗∗∗ 0.889∗∗∗ 1.075∗∗∗ 1.307∗∗∗ 1.468∗∗∗

(0.009) (0.008) (0.007) (0.008) (0.010)

Observations 2,114 2,114 2,114 2,115 2,115
R2 0.032 0.0003 0.010 0.055 0.148
Adjusted R2 0.031 −0.0001 0.009 0.054 0.147

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 2 adds further covariates to the 2021 regression presented in the
rightmost column of Table 1. In particular, we add the proportion of people
with lower secondary education or less (p lowedu 2021), the travel time to
the nearest agglomeration (mindist), as well as the proportion of foreign-
born population 10 years earlier (foreign 2011). The relationship between
density and squeeze obtained from the raw model is preserved, but appears
weaker.
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Table 2: Determinants of Squeeze in 2021, 30-34

Dependent variable:

squeeze

(1) (2) (3) (4)

log(density 2021) −0.041∗∗∗ −0.031∗∗∗ −0.018∗∗∗ −0.022∗∗∗

(0.002) (0.003) (0.003) (0.003)

p loedu 2021 0.310∗∗∗ 0.270∗∗∗ 0.296∗∗∗

(0.041) (0.040) (0.040)

mindist 0.001∗∗∗ 0.001∗∗∗

(0.0001) (0.0001)

foreign 2011 0.301∗∗∗

(0.060)

Constant 1.468∗∗∗ 1.182∗∗∗ 1.112∗∗∗ 1.096∗∗∗

(0.010) (0.039) (0.039) (0.039)

Observations 2,115 2,115 2,114 2,114
R2 0.148 0.170 0.207 0.216
Adjusted R2 0.147 0.169 0.206 0.214

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

5 Conclusion

The educational expansion, which has been observed as a global phenomenon
in the 20th century (Schofer and Meyer, 2005), has certainly benefited women
more than men and gradually led to a reversal in the gender gap in education.
Austria, together with Germany and Switzerland, has been described repeat-
edly as lagging behind in in this process when compared to other developed
nations (De Hauw, Grow, and Van Bavel 2017; Erát 2021). By looking at the
reversal in this gender gap at the sub-national level, we hope to shed some
light on this phenomenon in the Austrian context. Eventually, this research
will contribute to our understanding of the role of mate market constraints
in educational assortative mating (Stauder and Kossow, 2021).
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